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Seeking economic growth and job creation to tackle the
nation’s extreme poverty, the Nicaraguan government awarded
a concession to build an interoceanic canal and associated
projects to a recently formed Hong Kong based company with
no track record or related expertise. This concession was
awarded without a bidding process and in advance of any
feasibility, socio-economic or environmental impact assess-
ments; construction has begun without this information. The
278 km long interoceanic canal project may result in significant

environmental and social impairments. Of particular concern
are damage to Lake Cocibolca, a unique freshwater tropical lake
and Central America’s main freshwater reservoir; damage to
regional biodiversity and ecosystems; and socio-economic
impacts. Concerned about the possibly irreparable damage to
the environment and to native communities, conservationists
and the scientific community at large are urging the Nicaraguan
government to devise and reveal an action plan to address and
mitigate the possible negative repercussions of this interoceanic
canal and associated projects. Critical research needs for
preparation of a comprehensive benefit-cost analysis for this
megaproject are presented.

■ INTRODUCTION

In June 2013, the Nicaraguan government granted a concession
to the Hong Kong Nicaragua Development Corporation
(HKND) for the construction of an interoceanic canal across
Nicaragua and various large subprojects (i.e., an oil pipeline, a
railway and highway system, two deep-water ports, two
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international airports, a tourist complex, and a free-trade
zone1). This concession was made without performing an
independent environmental impact assessment in advance. The
canal would connect the Pacific Ocean with the Caribbean Sea,
traversing Lake Nicaragua, through the Caribbean lowlands,
and ending at Punta Gorda in the Caribbean Sea shoreline.
Lake Nicaragua, referred to locally as Lake Cocibolca, is an
increasingly important regional source of water.2 This is the
largest lake in Central America (8200 km2) and the largest
freshwater tropical lake in the Americas. The canal will require
excavation and dredging along a 278 km span, including 105
km through Lake Cocibolca, adjacent rivers, pristine rainforests
and wetlands, and autonomous indigenous communities
(Figure 1).
A preliminary description of the proposed Canal was

distributed by HKND.3 The depth of the Canal would vary
between 27 and 29 m, with a maximum bottom width of 280 m.
The sides of the Canal would be sloping, and it would
incorporate two massive sets of locks: the Brito Lock−located
in the west Canal segment near Rivas, and the Camilo Lock−
located in the east Canal segment closer to the Caribbean Sea.
These two locks would raise and lower ships between sea level
at the Pacific Ocean/Caribbean Sea and the water level of Lake
Cocibolca (30−33 m higher). For most of its length (except at
two specific passing lanes), the Canal would be subject to one
way traffic, and it would be able to accommodate ships up to
500 m long, 72 m wide, and drafting up to 23.5 m in seawater.
This project would be one the largest civil earthmoving
operations in history, requiring the excavation of approximately
5 billion cubic meters of material. This mega project, arguably
the largest in the history of Latin America at an estimated cost

of $50 billion, could have significant negative implications for
this hotspot of global biodiversity and freshwater fish
evolution.4,5

Although construction of a road to enable access by heavy
machinery has recently begun (December 22, 2014), HKND’s
private environmental impact assessment is not scheduled to be
concluded until five or six months later.
In an effort to provide an open scientific platform regarding

the canal project, an international interdisciplinary expert panel
met in Managua, Nicaragua, in November 2014. The aim was
to identify technical and scientific questions associated with the
Interoceanic Canal Project and contribute knowledge to
environmentally sustainable human development. The panel’s
primary concerns fell into three broad categories: Water and
Sediments, Biodiversity and Ecosystem Integrity, and Socio-
economic Impact. Each category involves a number of complex
considerations, rendering proper analysis a weighty challenge
that is compounded by a lack of publicly available information
from the Nicaraguan government, HKND Group, and
contractors and consultants paid by the HKND Group.
The independent international expert panel emphasized that

much is at stake from an environmental perspective: a unique
tropical lake that serves as a supply of fish, drinking water,
power generation, irrigation, and tourism; unique and abundant
biodiversity and tropical rainforests in the east; and rich
estuaries that would be transformed by some “sub-projects,”
recently expanded to include four tourist complexes. The Panel
also considered social impacts of assigning autonomous
indigenous community lands over to HKND Group ownership
and the subsequent forced relocation of these populations.

Figure 1. Key features of the canal route across southern Nicaragua. Credit: S. Espinoza, A. Centeno, C. Solano.
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■ CONCERNS ABOUT LAKE COCIBOLCA

Water and Sediments. Lake Cocibolca (Figure 2) has
profound ecological, environmental, and economic value. Its
biodiversity is unique including a once-large population of bull
sharks (Carcharhinus leucas) and largetooth sawfish (Pristis
perotteti) as well as several other endemic fish species.6,7 The
lake is a vital natural resource for Nicaragua, providing drinking
water to several municipalities (e.g., Cardenas, Juigalpa and San
Juan del Sur), as well as water for agricultural irrigation
activities. Lake Cocibolca is also an important water reserve for
the entire Central American region, which may increasingly
experience fresh water scarcity as a result of climate change.8

Lake Cocibolca’s interconnected ecosystems are fragile and
particularly susceptible to the effects of sediment resuspension
due to its shallow depth (13 m average depth) and constantly
mixing (polymictic) waters.
Lake Cocibolca also provides many ecosystem services

essential to Nicaragua’s economy, including ecotourism and
fisheries. The building of a mega canal through Lake Cocibolca
could alter the biological, chemical, and physical properties of
the lake and of adjacent waterways to be used for the canal.9

With the passage of hundreds of huge tankers weekly through
the canal, it might also be difficult to prevent an increase in
salinity in Lake Cocibolca. Subprojects and supporting
infrastructure projects along the canal route could put
enormous additional pressure on the lake as well through
increased erosion, nonpoint source pollution and sewage
discharges.
Water turbidity could substantially increase due to channel

excavation, dredging, and future maintenance, as well as from
ship traffic and other activities related to canal and subproject
operations. Sediment resuspension can introduce large
quantities of settled organic matter and nutrients into the
water column, increasing the biochemical oxygen demand and

eutrophication potential, eventually leading to hypoxia, a sharp
decrease in biodiversity, and ultimately fish kills.10 Furthermore,
the high turbidity and reduced light penetration caused by
excavation and maintenance dredging, along with regular
shipping traffic, may harm the normal trophic dynamics11 of
the food web in the lake ecosystem. Dredged materials are also
likely to contain heavy metals, pesticides, oil, and grease.
Introducing these contaminants into the water column could
deteriorate water quality, affecting locally irrigated agriculture,
wildlife, and the livelihoods of communities that depend on the
lake as their main drinking water supply. Even with the most
advanced dredging methods (hydraulic or clamshell), plumes of
turbidity would be created. Of potential concern is an increase
in pesticide and mercury resuspension. Lake Xolotlań, to the
north, is contaminated with mercury and intermittently
discharges into Lake Cocibolca. Mercury released by
resuspended sediments could introduce these contaminants
into the food chain.12 Chronic release of ship-hull chemicals
and fuel leaks are also long-term concerns for water quality and
food webs, while large spills from supertanker loads (Super
Post Panamax up to 23 000 TEU) would be devastating.
The canal developer plans to deposit dredged material within

the lake’s borders to create new islands and along the length of
the canal for agricultural purposes. As the sediment may
contain toxic elements at levels above those established by
international standards, an extensive plan for soil remediation
may be necessary before its use in agriculture.
Migration of sediments into adjacent rivers may result in

increased water levels that affect the riparian areas in several
ways: operation of existing infrastructure (e.g., irrigation
intakes) may be hampered; flood risk exacerbated by projected
climate change may increase; local river navigation may become
more difficult; and drainage of agricultural areas along the river,

Figure 2. A view of Lake Nicaragua with the island of Ometepe in the distance. Photo credit: Thelma Salvatierra. (Permission granted).
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as well as drainage to the Indio Maiź Nature Reserve, may be
impeded.
Will There Be Enough Water? A fundamental concern is

whether the watersheds will provide enough water in the future
for all required uses after the canal and subprojects are
operating. Even when using water-recovery basins for lock
operations, large locks require large volumes of water. Water for
lock operations will be supplied by Lake Cocibolca and
damming of rivers to create the artificial lake, Atlanta (395
km2), a lake similar to Panama’s Gatun Lake. All of these
actions may reduce discharge into the San Juan and Punta
Gorda rivers on the Caribbean side, reducing their flow rate by
millions of cubic meters per day once the canal is in operation.
With reduced flow, the morphology (e.g., the width, depth,
slope, and sinuosity) of these rivers would change, and the
effect could include deposition of sediments, encroachment of
vegetation, and a narrowing of river widths.
Nicaragua is among those countries considered most

vulnerable to climate change,8 with drier, warmer conditions
leading to increased severity of droughts and catastrophic
weather events. Those impacts would be aggravated by
environmental degradation, such as deforestation, which
already occurs at 1−5% annually,13 or approximately 70 000
ha per year.14 Thus, the need for water availability would
become more pressing over time.

■ BIODIVERSITY AND ECOSYSTEM HEALTH
CONCERNS

Protecting Nicaragua’s Natural Resources. Nicaragua is
within the Transition Zone between Neotropical and Nearctic
flora and fauna. The different forest types found across the
west-east precipitation gradient contain a high level of
biodiversity. The country’s Caribbean forests are within the
Mesoamerican Biological Corridor, and the Pacific coast,
including Lake Cocibolca, is an important migratory bird
corridor.15

The proportion of aquatic habitat in relation to terrestrial
ecosystems in Nicaragua is high due to Lake Cocibolca’s
vastness (7% of Nicaragua’s territory is aquatic).16 The lake
offers much in the way of artisanal fisheries and ecotourism,
which depend heavily on several native fish species,17−19 and
has been an important habitat for freshwater fish evolution
(e.g., cichlids). Ecotourism has been considered as the country’s
second highest generator of foreign exchange.20 Conserving
natural resources, ecosystems, and biodiversity is important to
achieving Nicaragua’s equitable and sustainable long-term
development.

The Canal May Severely Affect Nicaragua’s Biodiver-
sity. A project on the scale of the proposed interoceanic canal
has the potential to cause direct and indirect impacts on
Nicaragua’s extremely rich biodiversity, the loss of which would
be irreversible. These impacts must be anticipated, monitored,

Figure 3. Forest area impacted by the canal in the Caribbean is home to at least 22 threatened or endangered species, some of which could be
directly affected. Photo credits: Baird’s tapir by Benjamin Urquhart; Eyelash Viper by Gerald Urquhart; White-lipped peccaries group by Michigan
State University. (Permission granted).
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and mitigated before, during, and following the construction of
the canal.
During the construction and operation of the canal, the

quantity of nutrients in the lake’s water column is likely to
increase due to sediment resuspension, augmenting the
possibility of algae blooms, including toxic microalgae.
Sediment suspension may affect aquatic biodiversity, changing
the composition of organisms living in the sediments and the
water-sediment interface. These changes could affect top
predators (e.g., visually foraging fish) and the availability of
insects for migratory birds, such as the immense flocks of
swallows (Hirundinidae) that migrate to Lake Nicaragua’s
western shore to feed on clouds of Diptera that blow off the
lake.21 They could also promote the invasion of foreign aquatic
plant and fish species (Tilapia for example), affecting the
viability of native biota. The arrival of some invasive
invertebrate species in bilge water can exacerbate the loss of
native species.22

Dredged sediments deposited along sea coasts and estuaries
during canal construction and maintenance could damage coral
reefs, sea grass beds, mangrove forests, and Bluefield’s Raphia
swamps. All of these habitats are critical refuges for
biodiversity,23−25 the importance of which is well docu-
mented.26,27 Mangroves can enhance the biomass of coral
reef fishes.23 They and coral reefs prevent the erosion of coastal
shorelines during storms by absorbing wave energy and
reducing the velocity of water passing through the root
barrier.28 Coral reefs support more biodiversity per unit area
than tropical rainforests29 and components of their biodiversity
have been found to produce promising compounds of
pharmaceutical value.30 Sediments deposited along the canal
route could affect the biodiversity and health of the San Juan
and Punta Gorda rivers in the east and of the Brito River in the
west.
The creation of Lake Atlanta (395 km2) could become a focal

point for the introduction of invasive aquatic plant species. If
not designed properly, it could also create a concentration of
pollutants, causing serious eutrophication in the new lake basin
similar to the experience of Three Gorges Dam in China.31

Because water quality within Lake Atlanta’s basin will directly
affect all species that come to rely upon it, this artificial lake’s
water quality will depend on treatment plans and biodiversity
conservation strategies that are yet to be revealed. Lake Atlanta
is to be created within the Punta Gorda Nature Reserve and
immediately next to Cerro Silva Reserve; it could alter forest
ecosystems, coastal mangroves, brackish lagoons, wetlands, and
rainforests. The area is home to at least 22 threatened or
endangered species (tapir, sloth, seraphim, opossum, and
jaguar, among others,32 (Figure 3), some of which could be
affected.
The physical barrier presented by the canal would drastically

inhibit animal movement and gene flow along the Mesoamer-
ican Corridor and numerous conservation reserves.33 The
Jaguar Corridor, the initiative to which Nicaragua is a signatory,
will be interrupted by the up to 520 m wide water channel, as
well as highways and other infrastructure. Aimed at connecting
jaguar populations and facilitating genetic exchange, the
initiative is a critical element of a long-term survival plan for
the Mesoamerica jaguar and its broader ecosystem.
Given the large number of unknowns, the unique character-

istics of each ecosystem, and possible devastating impacts, a
long-term plan to monitor and mitigate loss of biodiversity is of
utmost importance.

■ SOCIO-ECONOMIC RISKS

The proposed canal and subprojects are being promoted as the
largest engineering project in the world, one that will help
create jobs and lift Nicaragua out of extreme poverty. Will this
be true? Nicaragua should prepare and publicly vet a detailed
economic assessment that includes not only a cost-benefit
analysis but also considers externalities associated with national
economic development, environmental impacts, social equity,
human rights, and legal and national security issues.

Is the Proposal Economically Viable? The Nicaraguan
Government has not published a detailed business plan for the
canal. A thorough economic study for the most important
engineering project currently in progress should include an
analysis of the competitive environment, the possible impacts of
technological change, and future changes in the cost of oil and
shipping. Projections need to factor in the growth rates of the
major world economies, future shipping volumes, the cost of
capital, and the sensitivity of profitability to variability in these
factors. Planned expansions of the Suez Canal, the Panama
Canal, and the potential for Arctic ship traffic through the
Northwest Passage,34 where ice is melting due to climate
change, should be assessed in any business plan for the
Nicaraguan canal.
An appropriate methodology would factor in the value of

environmental assets that may be lost as a result of the
development: for example, ecosystem services, biodiversity,
ecotourism, and food and water security. The social and
environmental impacts from unintended migration of displaced
indigenous and mestizo populations to nearby nature reserves,
and subsequent deforestation, should be carefully considered.

Human Rights Issues. Besides imposing considerable
environmental risk to the country’s ecosystems, one obvious
consequence of the canal and subprojects is the expropriation
of a vast amount of land. A likely outcome is forcing indigenous
people off their land and the displacement of at least 277
communities and more than a hundred thousand people,35

including settlements from protected indigenous territories
such as the Rama and Creole. Provisions must be made for
multiple, large-scale, human population migrations. A host of
support services will need to be provided to people displaced by
the canal and subprojects, including those displaced and host
populations forced to receive displaced persons. A well-
developed, internationally sanctioned, humanitarian strategy
will be needed to respond to people displaced by canal
development.
Of special concern is the state’s legal obligation to consult the

numerous indigenous and Afro-descendant communities
located along the planned canal route. More than 50% of the
canal will cut through communal indigenous and Afro-
descendant territories. Nicaraguan law prohibits the sale,
lease, or seizure of communal indigenous lands. A compre-
hensive socio-economic impact assessment and full consent of
these communities should be obtained in advance of any
actions that affect these communities. Indigenous peoples have
filed a petition to the Inter-American Commission on Human
Rights (Washington, D.C) requesting international measures to
halt the canal’s construction, along with independent,
comprehensive, impact assessments.36,37

Potential Risks to National Security. At least two factors
pose security threats that have not been publically addressed by
the government. The first is that a large shipping center can
become a foothold for organized crime. The preferred route for
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arms, narcotics, and precursor chemicals for narcotic
production is via container ships. Second, terrorists direct
their attacks not only at their enemies, but also at the economic
interests of those providing services to their enemies, placing
the canal and Nicaragua at risk for terrorist activity. Careful
local planning and cooperation with international law-enforce-
ment agencies are needed to establish security systems and
equipment to preserve national security. The Nicaraguan
government should ensure that HKND Group designs all
facilities to minimize these security risks. Either the HKND
Group or the Nicaraguan government should invest in state of
the art screening and scanner technology. Protocols for
intelligence-sharing with key partners will need to be
established and maintained, readying the country to deal with
international organized crime and terrorism.

■ CONSIDERATION OF INTERNATIONAL BEST
PRACTICES

International best practices are well established for evaluating
environmental, technical, financial, economic, and social
impacts. HKND and the Nicaraguan government should
adhere to those best practices, which include independent
feasibility and environmental studies, public consultation and
debate, use of scientific input, and transparent communication
with multiple stakeholders in advance of the project. For
example, the publication of all reports generated to date would
contribute greatly to determining which additional studies are
needed and would also invite a much needed exchange of
opinions among local and international scientists. Some
additional research needs and questions that should be
addressed to inform a comprehensive benefit-cost analysis are
suggested in Box 1 and Box 2. Box 3 provides a factual
statement about alternative canal routes as suggested in the
corresponding reference.
Three strategic considerations emerge as preeminently

important, requiring immediate action:

• Determine the f inancial viability of the Project and its
impact on national development. The Nicaraguan govern-
ment and people will benefit greatly from fully disclosing
business and economic projections to the public. This
will facilitate evaluation by independent experts, allow for
the expression of various points of view on project
feasibility, mitigate growing social unrest, and minimize
irreversible loss of economic, environmental, and social
assets.

• Perform an independent scientif ic evaluation of the potential
impact to water quality, ecosystem health, and biodiversity.
The Nicaraguan government and people will gain
immensely from an independent and comprehensive
review of the environmental impacts of the proposed
canal.33 Receiving expert input from national and
international experts, with no personal stake in the
canal or its subprojects, will serve the interests of all
Nicaraguans, who rely on the nation’s forests, fresh water
resources, and unique biodiversity. Preserving biodiver-
sity is also of global interest.

• Comply with relevant laws and meeting social needs. The
Nicaraguan government has the obligation and authority
to protect the interests of all its citizens. The canal route
will cut a swath across a vast area of indigenous territory,
leading to the forced displacement of indigenous peoples
and impacting their culture, language, and livelihood. For

this canal project to proceed, international and
Nicaraguan laws require that these communities first
provide their “free, prior, and informed consent”.

Implications. Construction of the canal’s subprojects has
begun apparently without independent assessments of
economic, environmental, and social impacts. This lack of
adherence to international best practices puts Nicaragua
severely at risk for environmental and social damage that
cannot be easily remedied. Accentuating the risk, the HKND

Box 1. RESEARCH NEEDS

Water and Sediments
• Ecological conditions within Lake Cocibolca, including all

important ecosystem components: water quality, benthic flora
and fauna, fish, mammals, and seabirds should be assessed and
baselines established.
• Initial data collection should include core samples,

bathymetric, water currents and circulation studies of the
lake, and characterize variability in water quality. Geologic
stratigraphy of the lake bed should be carried out as the
proposed channel is much deeper than the lake bed. Lake bed
sediment should be analyzed for biological content, oxygen
demand, chemical compounds, heavy metals, and mineralogy.
There is a need to determine the potential for salt water
intrusion into the lake and the associated repercussions for
aquatic life, drinking and irrigation.
• Estimate changes that might occur in the hydrology and

morphology of the San Juan and Punta Gorda rivers and
determine how these rivers will function with reduced flows;
and monitor lake quality in comparison to past and current
research information.
Biodiversity and Ecosystems
• Environmental Impact Assessment of the proposed new

Lake Atlanta, specifically its impact on Caribbean Coast
biodiversity. Run projections studies on species that might
become established there and design precautionary measures
to detect invasive species in general, including areas
neighboring the many planned highways.
• Identify species threatened with extinction by the canal

and determine the degree to which the physical barrier
presented by the canal may inhibit animal movement and gene
flow along the Mesoamerican Corridor.
• Identify secondary effects on biodiversity caused by

human population movement, particularly those caused by
resettlement in protected areas.
Socio-Economic and National Development Issues
• Determine the economic feasibility of the project by

estimating the projected revenue from the canal in relation to
the interest in capital payments, should the final construction
costs be higher than the current estimate of US$50 billion.
• Is the economic value of Lake Cocibolca higher for

navigation than for alternative uses?
• Will traditional land and water rights of Indigenous

Peoples and Afro-descendent communities be differentially
impacted and will the project observe all relevant legislation
related to their autonomy?
• Will the Project consider the impacts on displaced

populations and resources for those whose land has been
expropriated?
•Will the Project observe the UN Declaration on the Rights

of Indigenous Peoples as to “prior, free and informed
consent”?
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Group is guaranteed by Nicaraguan Canal Law 840 to be
exempt from responsibility for “pre-existing environmental
conditions,” without defining such conditions. Likewise, no
method is in place to determine how responsibility will be
attributed for environmental damages subsequently caused by
the construction.38

The Government should immediately devise an action plan
to overcome assessment deficiencies to date. The action plan
should include (1) immediate public access to critical technical
data amassed by HKND Group, the Government, and their
consultants; (2) formation of an international advisory board
comprised of independent experts in the technical, economic,
and social aspects of the project; (3) formation of a national
stakeholder board, and (4) open information forums and free-
flowing public debate.
Such an action plan will make it possible for Nicaragua to

address the tensions between the putative economic benefits of
the canal versus the risks of environmental and social
disruptions. By taking swift action, the Nicaraguan government
will become an example of how to balance development needs,
conservation, and human rights. The science and technology
communities can contribute to these sustainable development
efforts by supplying scientific support to Nicaragua.

■ AUTHOR INFORMATION
Corresponding Authors
*(J.A.H.-P.) E-mail: jorgehuete@uca-cbm.org.
*(P.J.J.A.) E-mail: Alvarez@rice.edu.
Notes
The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS

The authors acknowledge the Workshop organizers and all
Workshop participants for both plenary and informal
considerations that led to the conclusions presented here. We
are particularly grateful to Jaime Incer, Dionisio Rodriǵuez,
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