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ABSTRACT

Island territories hold significant importance due to their environmental, economic, and social characteristics,
making it necessary to plan and manage their marine and terrestrial spaces. In Colombia, the Archipelago
of San Andrés, Providencia y Santa Catalina stands as a primary tourist destination, hosting various
maritime activities that have the potential to generate conflicts and impact diverse natural environments.
The purpose of this research was to apply the methodology of Marine and Coastal Management: Maritime
Authority Vision (MCM:MAV), to analyze the current and future conditions of marine-coastal uses and
activities within the islands, as a tool for decision making. Results from this research reveal that the
primary contributors to conflict include restricted areas, the Marine Protected Area, the artisanal fishing
zone, and the coral reefs. Furthermore, the most suitable zones for the development of maritime activities
and their compatibility were defined on the basis of the Allocation and Co-location Model (MAYC in
Spanish). The study established the percentages of suitable areas for aquaculture (61.24%), offshore
wind farms (48.02%), and submarine cables (48.32%). Finally, through the implementation of the
Prioritization Index for Decision Making (IPTD in Spanish) which determined the degree of
development trend and representativeness of each use/activity in the area, aquaculture emerges as the
sector with the highest growth potential when compared to offshore wind farms and submarine cables.

KEYwoRbDSs: coastal zone management, maritime activities, conflicts, allocation, co-location, future
development scenarios, Geographic Information Systems.
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RESUMEN

Los territorios insulares presentan una gran importancia debido a sus caracteristicas ambientales,
econdémicas y sociales, por lo que es necesario la planificacion y gestion de sus espacios marinos y
terrestres. En Colombia, el Archipiélago de San Andrés, Providencia y Santa Catalina es uno de los
principales destinos turisticos y en donde se desarrollan varias actividades maritimas que podrian generar
conflicto entre ellas y afectar los diferentes ambientes naturales. El propdsito de esta investigacion fue
aplicar la metodologia del Ordenamiento Marino Costero: Vision de Autoridad Maritima (OMC:VAM), con
el fin de analizar las etapas de condiciones actuales y futuras entre usos/actividades marino-costeras
presentes en las islas, como una herramienta para la toma de decisiones. Los resultados indicaron que
los usos que mas contribuyen al conflicto son las areas restringidas: el area marina protegida, la zona de
pesca artesanal y los corales. Adicionalmente, se definieron las zonas mas adecuadas para el desarrollo
de actividades maritimas y su compatibilidad a partir del Modelo de Asignacion y Colocalizacion (MAyC),
y se establecieron los porcentajes de zonas aptas para los usos de acuicultura (61.24 %), parques
edlicos (48.02 %) y cables submarinos (48.32 %). Finalmente, con el establecimiento del Indice de
Priorizacion para la Toma de Decisiones (IPTD), que determind el grado de tendencia de desarrollo y
representatividad de cada uso/actividad en el area, se consideré que la acuicultura es el sector con
mayor tendencia de crecimiento con respecto a parques edlicos y cables submarinos.

PALABRAS CLAVE: ordenamiento marino costero, actividades maritimas, conflictos, asignacion,
colocalizacidon, escenarios de desarrollo futuro, sistemas de informacion geogréfica.

INTRODUCTION responsible for the execution of the Colombian

State policy in this topic, through the regulation
and coordination of maritime activities (Decree
Law No. 2324, 1984), the mission, the vision,
the institutional principles, the maritime
interests, the institutional development

In island areas, the growth of sectors related
to tourism, fishing, trade and agriculture, among
others, as well as urban development, have
generated pressure on marine resources. In
addition to the above, the lack of management

plans that involve both marine and terrestrial
components has caused incompatibilities between
maritime activities, ecosystems and the different
actors (Aldana and Hernandez, 2016; Gallego-
Cosme, 2014).

The Archipelago of San Andrés, Providencia y
Santa Catalina, located in Colombia, is not
exempt from this problem, since multiple
activities have been carried out in its marine-
coastal areas in a disorganized manner, mainly
due to the fact that its Land Use Planning (POT in
Spanish) took around 15 years (1989-2003) to
be approved (Ramirez-Charry, 2019). In turn,
the increase in population, which according to
the National Administrative Department of
Statistics (DANE) was 2.86% between 2005 and
2018 (Government Department of the
Archipelago of San Andrés, Providencia and
Santa Catalina, 2021), has led to greater
conflicts of use for space (Christie, Smyth,
Barnes, & Elliott, 2014).

That is why the General Maritime Directorate
(Dimar), as the National Maritime Authority, is

strategies projected towards the year 2042
(Dimar, 2022); and the provisions of Conpes
3990 (DNP, 2020a) have addressed the “Marine
and Coastal Management: Maritime Authority
Vision (MCM:MAV)”, which seeks:

“[...] analyze and assign temporal and spatial
distributions of human activities in
Colombian jurisdictional waters and coastal
areas, in order to achieve the consolidation
of the country as a biooceanic power under
a holistic approach and comprehensive
maritime, river and port security; as well as
a national maritime strategy and structure,
guaranteeing ecological, economic, and
social principles” (Afanador-Franco,
Molina-Jiménez, Pusquin-Ospina, Escobar-
Olaya, & Castro-Mercado, 2019).

Likewise, due to the COVID-19 contingency
that affected the world economy, the MCM:MAV
considered the future development trend
of marine-coastal activities based on the
analysis of global growth under scenarios
with and without a pandemic, to facilitate
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decision-making focused on improving the
current and future conditions of the maritime
space (Ehler and Douvere, 2009; McGowan, Jay,
& Kidd, 2019; Scenario Introduction, 2021).

Taking into account the above, the Caribbean
Oceanographic and Hydrographic Research
Center (CIOH) carried out the application of the
MCM:MAV methodology in the Archipelago of
San Andrés, Providencia y Santa Catalina, as a
contribution that facilitates the management of
the territory for decision-makers, as it is an area
with great environmental importance and a high
offer of tourism plans.

According to the Colombian Association of
Travel and Tourism (Anato, 2023), the
Archipelago is the sixth department with the
highest number of tourist arrivals, both national
and international, and it is considered the most
dependent on tourism in the country, since it
is estimated that 70% of its economy revolves
around this activity (Government Department
of the Archipelago of San Andrés, Providencia
and Santa Catalina, 2019). Fishing is also an
important economic activity. However, it is not
enough to supply the needs of the community,
therefore, the implementation of aquaculture
projects could be an option with which fishermen
agree to improve their conditions and those of
the environment (Government of the
Archipelago of San Andrés, Providencia and
Santa Catalina, n.d.; Sarmiento-Guerrero &
Pérez-Walteros, 2021). In terms of energy
generation, the aim is to change the use of fossil
fuels for renewable energies that meet the
needs of the islanders, help reduce costs and
dependence on diesel (Arias and Duffis, 2017;
Mas Comunidad, 2023). Additionally, due to
their geographical location, submarine cables
are an important tool for establishing the
necessary telecommunications for connectivity
and access to information, and to deal with
any situation that arises on the islands
(Asomovil, 2021).

In this research, the MCM:MAV methodology
was applied based on the provisions of the
publications entitled: ‘Conflictos de Uso en el
Proceso de Ordenamiento Marino Costero: Vision
de Autoridad Maritima. Departamento de
Bolivar-Colombia’ (Afanador-Franco et al.,

2019), ‘Ordenamiento Marino Costero: Vision
de Autoridad Maritima. Departamento de
Bolivar - Colombia’ (Afanador-Franco et al.,
2021), ‘Modelo de asignacién y colocalizacion
de actividades maritimas para el ordenamiento
marino costero en el Departamento de Bolivar,
Colombia’ (Afanador-Franco et al., 2022),
‘Zonificacion de actividades maritimas bajo
escenarios de desarrollo futuro en los
departamentos de Bolivar, Sucre y Coérdoba,
Colombia’ (Afanador-Franco, Molina-Jiménez,
Pusquin- Ospina, Barrientos, Banda-
Lepesquer, & Castro-Mercado, 2023).

STUDY AREA

The Archipelago of San Andrés, Providencia
y Santa Catalina is located in the Caribbean
Sea, northwest of Colombia, between 12° and
169 North latitude and between 78° and 82°
West longitude (Fig. 1), occupying an area of

180,000 km2. It was declared by the United
Nations Educational, Scientific and Cultural
Organization (UNESCO), in 2000, as a
Seaflower Biosphere Reserve, due to its
importance for marine and coastal ecosystems.
It includes the islands of San Andrés,
Providencia and Santa Catalina, the islands of
Courtown Cays, Serranilla Bank, Southwest
Cays, Roncador Bank, Queena Reef, Serrana
Bank, Alice Shoal and Bajo Nuevo Bank
(Carvajal, 2009; CCO, 2015; CCO, n.d.;
Decree 1946 of 2013; Diaz, 2005).

It has a great wealth of marine biodiversity
and important ecosystems such as mangroves,
coral reefs and seagrasses, among others. It is
characterized by a humid climate from May to
November, and a dry climate from December
to April, influenced by the NE trade winds;
with an average temperature of 28°C and
high humidity during most of the year (Dagua,
Torres, & Monroy, 2018). Additionally, it is
located within the Caribbean hurricane belt,
which is evident with the passage of several
of these events throughout history, with an
occurrence until 2010 of approximately 0.54
events/year, of which only some have reached
the coast (CIOH, 2010; Ortiz-Royero, 2012;
Ortiz-Royero, Plazas, & Lizano, 2015; Rey et
al., 2019; Rey et al., 2021).
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Figure 1. Location of the Archipelago of San Andrés, Providencia y Santa Catalina.

The Archipelago of San Andrés, Providencia y
Santa Catalina is located in the upper part of
Nicaragua, northwest of the Colombia basin, and
it presents a NNE-SSW trend with a volcanic
origin in the early Cenozoic, represented by lava
flows and pyroclastic and epiclastic deposits.
Subsequently, the subsidence of these volcanoes
and the deposition of reef limestones defined the
geomorphological features observed so far
(Carvajal, 2009; Case et al., 1990 in Idarraga-
Garcia, Garcia-Varén, & Ledn-Rincén, 2021;
Dimar-CIOH, 2013; Geister & Diaz, 2007;
Idarraga-Garcia & Ledn-Rincén, 2019; Milliman
and Supko, 1968, in Diaz, 2005).

According to Idarraga-Garcia et al. (2021), the
Archipelago of San Andrés, Providencia y Santa
Catalina corresponds to the geomorphological
province called the Volcanic Province of the
Western Caribbean, which is represented by
geoforms of volcanic and structural origin, such
as seamounts, guyots, spurs, volcanic peaks,
basins limited by faults, and structural columns.

Regarding coastal geomorphology, there are
units associated with low coasts and high coasts,
such as beaches, coastal lagoons, coastal bars,
reef bars, dunes, floodplains, hill systems, and
elevated abrasion platforms and coral terraces
(Carvajal, 2009; Dimar-CIOH, 2013).

METHODOLOGY

The MCM:MAV in the Archipelago of San Andrés,
Providencia y Santa Catalina, was applied
following the methodology proposed by Dimar in
Afanador-Franco et al. (2019, 2021, 2022 and
2023), which consists of the following stages:

Establishing the elements of governance

Turning the country into a biooceanic power was
established as a strategic objective, in alignment
with the National Development Plan - Colombia
World Power of Life 2022-2026, in its axes of
transformation of water management, productive
transformation, internationalization and climate
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action. In addition, a series of technical aspects
were defined, such as the scales of representation,
the different types of uses/activities, cartographic
conformation and spatial documentation.

Pre-planning stage

In this phase, through secondary information,
primary direct users of the resources who can
contribute to the conflicts were identified,
followed by secondary actors, corresponding to
the different entities that regulate the activities
present in the Archipelago. They answered the
following questions: Who should be involved in
the process? When should they be summoned to
the process? How should they be involved?
(Maguire, Potts, & Fletcher, 2012; Afanador-
Franco et al., 2019; 2021).

Analysis of current conflict-related conditions

The spatial and photographic documentation of
marine-coastal activities was carried out, through
fieldwork, by means of surveys using the ArcGIS
Survey 123 tool, in which the categories of use/
activity were defined, taking into account the
provisions of Decree Law 2324/84.

According to the above information and
through the judgment of experts, the multicriteria
analysis based on the Analytic Hierarchy Process
(AHP) was applied, which consists of establishing
comparisons between pairs of uses through
relative values using an importance scale
(Malczewski, 1999; Afanador-Franco et al., 2019,
2021). These were presented in a cross-matrix of
pair compensation, in which the crossovers
between the uses in the study area were analyzed
and the overlapping conflicts were defined.

In addition, three matrices were made
corresponding to: i) Justification matrix, in which
the reason for the assignment of the important
values was briefly explained, ii) Normalized matrix
of compensation by pairs, in which, based on a
mathematical process, the values assigned in the
first matrix were adjusted to a range between
0 and 1, and iii) Matrix of weights, in which the
weights of each use were calculated, averaging
their respective conflicts and identifying the uses
that contribute most to the conflict.

Then, using geographic information systems
(GIS) tools, two approaches were made to

visualize and present the spatial distribution of
the conflicts. The first consisted of quantifying the
index of conflict between pairs of uses, taking into
account the weights of each one; and the second
analyzed the amount of overlap between the uses
that have the most conflicts.

Finally, the maps corresponding to each of the
approaches were generated and the free areas in
which there were no uses or conflicts were defined,
thus they may be suitable for the development of
future maritime activities. The detailed process of
this stage is described in Afanador-Franco et al.,
2019, 2021 (Fig. 2).

Spatial and photographic
documentation of uses of the
coastal and marine areas

v

Establishment of categories of
use and activities in the marine-
coastal space

v

AHP Approach (Analytical
Hierarchy Process) for
establishing the weights for each
use/activity

I
v v

Overlapping of
conflicts between
uses/activities

Quantification of
the conflict index
by pair of
uses/activities

!

Generation of the
map of
uses/activities by
conflict index

Generation of a
map of
uses/activities by
number of conflicts

! !

Identification of conflict-free
zones

Figure 2. Methodological process for the analysis of
current conflict-related conditions.
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ANALYSIS OF FUTURE CONDITIONS

In this stage (Fig. 3), the Assignment and Co-
location Model (MAYC) was implemented, seeking
to spatially establish the best location of uses
with a tendency to development, in places that
meet certain technical and environmental criteria.
Based on this, scenarios are proposed that allow
identification of opportunities,

the conflicts

Map of free
zones
Definition of

uses to be
analyzed

Establishment of
criteria to
allocate uses to

optimal location
level

Definition of
uses to be
analyzed

Establishment of
compatibility
criteria

Assignation of
compatibility/
incompatibility

Map of most Map of
suitable locations co-located
— Allocation of use activities

and
(Afanador-Franco et al., 2021).

In this case, the scenarios before and after the
COVID-19 pandemic were considered, and the
characteristics of future growth and development
for the uses of aquaculture, wind farms and
submarine cables were evaluated (Afanador-
Franco et al., 2022, 2023).

Global
Growth with
Pandemic

Global Growth
without
a Pandemic

Figure 3. Methodological process for the analysis of future conditions.

Allocation analysis. The technical and
environmental criteria (depth, type of bottom,
currents, waves, among others) were established
through bibliographic information, expert judgment
and availability of data. They were subdivided
into sub-criteria of suitable, moderately suitable
and unsuitable conditions; then they were cross-
referenced through GIS tools to determine the
location of possible suitable areas for the future
development of a use in areas free of maritime
activities, as it is today. The detailed process of this
stage is described in Afanador-Franco et al., 2022.

Co-location analysis. This stage
concentrated on the development of uses in
the same geographical space, minimizing their
conflicts by means of a compatibility scale
between pairs of uses that evaluates the positive
and/or adverse effects. A matrix was built with
the criteria established in the allocation analysis
and with variables of efficiency and effectiveness
(proximity to the coast, tourist vocation, water
quality, among others) defined for each use. The
detailed process of this stage is described in
Afanador-Franco et al., 2022.

compatibilities to guide decision-making
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Future development scenarios and
percentage of future trend. The following
scenarios were defined: i) Global Growth without
a Pandemic, in which it is assumed that the
COVID-19 pandemic did not occur and that the
growth trends of maritime activities will continue
until 2030. (ii) Global Growth with Pandemic,
which estimated the recovery of future maritime
development trends during COVID-19 until 2030.
For each activity, the percentage of future trend
under each scenario was established through
bibliographic information (Afanador-Franco,
Molina-Jiménez, Pusquin-Ospina, Barrientos,
Banda-Lepesquer, & Castro-Mercado, 2023).

Determination of the Prioritization Index
for Decision Making (IPTD). Taking into account
the MAYC analysis and the scenarios defined for
each activity, the IPTD was calculated, based on
the development trend and the relationship
between the area of the suitable area and the
total study area, which allows defining, among
several activities, which one should be given
priority in the event that several requests for the
space are submitted to be developed at the same
time (Afanador-Franco et al., 2023).

To calculate the IPTD between several uses,
a normalization was performed, in which values
close to 1 indicate which use should be prioritized,
since it has a greater growth and representativity
tendency. The detailed process of this stage is
described in Afanador-Franco et al., 2023.

RESULTS

Governance elements

In the MCM:MAV, national and international
decrees, policies, conventions and/or agreements
were identified as:

e Decree Law 2324 of 1984, which establishes
that the General Maritime Directorate has as
its purpose the regulation, direction,
coordination and control of maritime
activities.

e Decree 5057 of 2009, which defines the
functions of the Director General of Maritime
Affairs, specifying the responsibility of
planning, directing, coordinating and
evaluating the regulations for the
development, control and surveillance of
maritime activities.

e Dimar’s Strategic Plan 2042 (Dimar, 2022),
which defines the strategic objectives

corresponding to “directing the promotion
and safe and sustainable development of
maritime activities” and “influencing the
national and international sphere to
consolidate maritime interests.”

e The General Policy of Land Use (PGOT) (DNP,
2020b), which aims to “guide the physical,
socio-spatial and political-administrative
organization of the national territory.”

e The National Ocean and Coastal Spaces
Policy (Pnoec) (CCO, 2018) and the National
Council for Economic and Social Policy
Conpes-3990 (DNP, 2020a) that stipulate
the inter-institutional objective of turning
Colombia into a biooceanic power, through
the connection of the continental territory to
the oceanic territory.

e The National Development Plan 2022- 2026
(DNP, 2023), which establishes the axes of
transformation related to land use planning
around water (functional approach to land
use) and productive transformation,
internationalization and climate action (use
of clean energy).

e The 1974 International Convention for the
Safety of Life at Sea and the 1978 SOLAS
74/78 protocol, related to the standards that
merchant ships must comply with to carry
out safe navigation.

e The International Convention for the
Prevention of Pollution from Ships, which
focuses on issues of oil pollution, the
handling of harmful liquid substances, the
transport of harmful substances, and sewage
and garbage from ships: MARPOL 73/78.

In addition, information on maritime activities
was compiled from data available from different
entities at the national level related to the
management and planning of coastal marine
spaces, and for an adequate representation of
the uses/activities identified between the limit of
public use assets and 200 nautical miles, scales
between: 1:1 750 and 1:820 000, under the
MAGNA-SIRGAS coordinate system with single
origin (CTM12) (Afanador-Franco et al., 2019,
2021).
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Pre-planning

For the purposes of the development of
coastal marine planning, in the study area of the
Archipelago of San Andrés, Providencia y Santa
Catalina, 517 primary actors were identified related
to activities such as fishing (1), tour operators (3),
hotels (188), restaurants (161), water sports (29),
commercial sector (74), marinas (8), institutional
sector (49), cooperatives (1), submarine cables
(3), in addition to 32 secondary actors from
different sectors such as defense, environment,
tourism, fisheries and telecommunications. The
results obtained during the MCM:MAV will be
shared with all of them in order to provide
feedback on the process (Afanador-Franco et al.,
2019, 2021).

Current conflict-related conditions

The categories of uses/activities were
established in accordance with Decree Law 2324

of 1984, corresponding to maritime activities
in which Dimar has interference, such as land
uses and a natural base classified by ecosystem
function, according to the definition of De Groot,
Wilson and Boumans (2002) and Portman
(2016). 38 uses/activities were identified, which
correspond to 32 uses categorized into 11
maritime activities and 6 uses included in the
classification of land uses.

The information was compiled from available
databases provided by different entities such as
Dimar, the National Hydrocarbons Agency (ANH),
the Providencia Territorial Land Use Plan,
Tremarctos Colombia 3.0, National Natural Parks
of Colombia, the Information System for the
Management of Mangroves of Colombia (SIGMA),
the Institute of Marine and Coastal Research
“José Benito Vives de Andréis” (Invemar), the
Colombian Institute of Rural Development
(Incoder) and the University of Bogotad “Jorge
Tadeo Lozano” (Table 1).

Table 1. Categories of uses/activities for the coastal marine zone of the Archipelago
of San Andrés, Providencia y Santa Catalina.

Maritime activities

ftem (Decree-Law 2324/84) Use/Activity

1 Maritime Signaling Buoys & Lighthouses

2 Maritime traffic control Anchorl'ng areas

3 Navigation channels
Construction, operation and management of port )

4 I Port concessions
facilities

5 Maritime concession for submarine outfalls
Administration and development . .

6 £ th tal Hotel maritime concession

7 of the coastal zone Maritime concession restaurants

8 Marine Maritime Concession - Marinas

9 Placement of any type of structure, fixed or se- Submarine cables

10 mi-fixed works on the marine ground or subsoil Underwater pipeline

11 Threatened species

12 Concentration of birds

13 Concentration of mammals

14 Reptile concentration

15 Conservation, preservation and Regional National Parks

16 protection of the marine environment National Natural Parks

17 Marine protected area

18 Seagrasses

19 Corals

20 Artisanal fishing area

21 White fishing area
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Maritime activities

ftem (Decree-Law 2324/84) LA N
22 i -
Use, protection and Public use goods - beaches
23 preservation of coastlines Public use goods - low tide
24 Mangrove
Search and extraction/retrieval .
25 . . Shipwrecks
of antiques or shipwrecked treasures
26 . . . Diving
Recreation and marine nautical sports
27 Water sports area
28 ) Coastal protection works
Dredged fills and
29 ocean engineering works Dredged fills and ocean engineering works
30 Restricted areas

31 Other marine uses and/or exploitation
32

33
34
35
36

37
38

Land uses

White fishing route

Artificial reefs

Urban area
Tourism
Institutional
Animal husbandry

Agriculture
Beaches with a tourist vocation

According to what was obtained through the
AHP approach, the uses that contribute the most
to the conflict correspond to restricted areas,
marine protected areas, artisanal fishing areas,
beaches with a tourist vocation and corals (Table
2, Fig. 4). On the other hand, the maritime
activities with the highest number of conflicts
identified from the overlaps for the Archipelago
of San Andrés, Providencia y Santa Catalina

correspond to the artisanal fishing zone, restricted
areas, marine protected area, seagrasses and
corals (Table 3, Fig. 5).

Finally, the map of conflict-free zones and the
map of use-free zones were generated, as a result of
a process with GIS tools in which the areas occupied
by conflicts and by the different uses/activities,
respectively, are extracted (figures 6 and 7).

Table 2. Uses that contribute most to conflict in the marine coastal area of the Archipelago of San Andrés,
Providencia y Santa Catalina.

Use/Activity

Restricted areas
Marine protected area
Artisanal fishing area

Beaches with a tourist

vocation
Corals

Weight
0.1221
0.0988
0.0833
0.0553

0.0459
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Figure 4. Zoning map by conflict index in the Archipelago of San Andrés,
Providencia y Santa Catalina.

Table 3. Uses with more overlaps in the coastal marine area of the Archipelago of San Andrés,
Providencia y Santa Catalina.

Use/Activity Conflicts
Artisanal fishing area 19
Restricted areas 19
Marine protected area 17
Seagrasses 15
Corals 15
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Future conditions Aquaculture. The determination of areas
. . suitable for future aquaculture development was
AIIoFat|on. Aqu.a.cl.JIture, wind farms, and defined using the available oceanographic
submarine cable activities were selected because criteria and data: seabed type, swell period,
they present a greater trend of future significant wave height, currents and possible

dr(]eveI(:‘pment In t_)OthI econorrfnc a;d_ sIOC|aI_terms, effects on sediments. In this case, depth was not
thus the most suitable areas for their location and taken into account, because it varies depending

development in the study area were established on the species to be grown (Table 4; Fig. 8).
(Afanador-Franco et al., 2022).

Table 4. Technical and environmental criteria used in the establishment of the most suitable areas for the
development of aquaculture.

Weight Weight of
L 2 Sub- < * Weighted
Criterion of the . the sub- Category . Source
. criteria . weight
criterion criterion
a) Sandy 0.5 Suitable 0.100 Meindl, 1996; ROjO, 2016; Cardia,
Type of 0.20 Ciattaglia, & Corner, 2017; Ivars,
seabed ' b) Rocky 0.35 Moderately 0.070 2017; Queensland Government,
suitable
2019
Munk, 1950 in Palomino, Almazan,
A 2 . H .
Swellperiod =, @19s<T g Suitable 0.060 évi:adyeallscl)li?g léoRougb-lr}Z i?gf :
) ' <3595 ' : y SRl MRS,

Aguilar, & Jenness, 2013; COWI &
Ernst, 2013; Lopez and Ruiz, 2015
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Munk, 1950 in Palomino, et al.,

Significant a) 0.59 m < _ 2001; Rubino, 2008; Cavia del
wave height 0.13 Hs < 6.9 m 0.5 Suitable 0.065 Olmo, 2009; Kapetsky et al.,
(Hs) - 2013; COWI & Ernst, 2013; Lopez
and Ruiz, 2015
a) 0.13 m/s
<Wc<1 i Milne, 1976; Carroll, Cochrane,
Current Ry N 0.125  Figler, Velvin, & White, 2003; Sti-
speed 0.25 ge) gebrandt, 2011; Kapetsky et al.,
(Wc) b) 0 m/s < ey 2013; COWI & Ernst, 2013; Lépez
Wc < 0.13 0.35 suitable 0.087 & Ruiz, 2015
m/s (Slow)
Handy & Poxton, 1993; Boyd,
Direct des- ced 1995; FAO, 2006; Pérez, Garcia,
truction 0.30 a) Sedi 0.4 Suitable 0.120 Invers, & Ruiz, 200§; Herbeck,
ments Unger, Wu, & Jennerjahn, 2013;
Rabasso, 2016
*weighted weight = criterion weight x subcriterion weight
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Figure 8. Map of the location of areas suitable for the development of aquaculture projects
in the jurisdiction of the Archipelago of San Andrés, Providencia y Santa Catalina.
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Wind farms. The criteria used for the optimal
location of wind farms were: depth, currents,
significant wave height, wind speed at an altitude

of 150 m with respect to sea level, type and slope
of the bottom, in addition to the possible effects
on sediments (Table 5; Fig. 9).

Table 5. Technical and environmental criteria used in the establishment of the most suitable
areas for the development of wind farms.

Criteria

Depth
(P)

Type of
seabed

Seabed
slope
(Pf)

Current
speed
(Wce)

Significant
wave
height (Hs)

Wind
speed (V)

Direct des-
truction

Sediment
plume ge-
neration

Weight
of the
criterion

0.25

0.03

0.04

0.28

0.09

0.08

Sub-criteria

a)Om-60m
b) >60m

a) Sandy

b) Mud and silt

a)0%-3%

b) 3 % < x <12 %

a)0-1.75m/s

b) > 1.75 m/s

a)0-5m

b)5m<Hs<8m

a) >8 m/s

a) Sediments

a) Sands

Weight of the
sub-criterion

0.7
0.3

0.5
0.35

0.5

0.35

0.7

0.3

0.5

0.35

0.8

0.5

0.6

Category

Suitable

Moderately
suitable

Suitable

Moderately
suitable

Suitable

Moderately
suitable

Suitable

Moderately
suitable

Suitable

Moderately
suitable

Suitable

Suitable

Suitable

*weighted weight = criterion weight x subcriterion weight

*Weighted
weight

0.175

0.075

0.060
0.042

0.055

0.038

0.021
0.009

0.020

0.014

0.224

0.045

0.048

Source

Uson, 2014; Fugro Ma-

rine Geoservices Inc.,

2017; Vagiona and Ka-
milakis, 2018

Boehlert & Gill, 2010;
Prado, 2018; Xu et al.,
2020

Malhotra, 2010; Xu et
al., 2020

Kapetsky et al., 2013;
Gonzalez, 2007; Este-
ban, 2009; Loughney,
Wang, Bashir, Armin, &
Yang, 2021

Loughney et al., 2021

Baban & Parry, 2001;
Sesma, 2020

Mariyasu, Allain, Benha-
lima, & Claytor, 2004;

Inger et al., 2009; Wil-
helmsson et al., 2010

NOAA, 2007; Vaselli,
Bertocci, Maggi, & Be-
nedetti-Cecchi, 2008
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Figure 9. Map of the location of suitable and moderately suitable areas for the development

of wind farms in the Archipelago of San Andrés, Providencia y Santa Catalina.

currents,

seabed, swell period, significant wave height,
possible effects on coastal
ecosystems and the generation of sediment
plumes (Table 6; Fig. 10).

marine

Table 6. Technical and environmental criteria used in the establishment of the
areas most suitable for the development of submarine cables.

Weight Weight of oV
Criteria of the Sub-criteria thesub- Category V:VZ'?':: g Source
criterion criterion 9
0.5 Suitable
a) Pf < 3% . .
Seafloor 0.25 ) ° 0.125 Carter et al. (2009), Alvarez
slope (Pf) b)3%of <Pf  0.35  \oderately  0.0875  (2017); Taormina et al., (2018).
=12% suitable
Tpeof ., @Sandy 05 Sutable 01 Amazdn, pelomino and Carch,
seabed b) Mud and silt 0.35 Moderately 0.07 Worzyk (2009); Alvarez (2017)
suitable
Deep a) 0 m/s < Wc 0.6 Suitable 0.06 Carter et al. (2009); Cavia del
currents 0.10 <1.75m/s 0.4 0.04 Olmo (2009); Guande, Yancong
(Wc) b) Wc > 1.75 ) Moderately : Peng, Chengkai, Xiaoli, and Yang,
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m/s suitable (2013)
Weight Weight of S
Criteria of the Sub-criteria the sub- Category Wel_gl:‘ted Source
criterion criterion weight
Sl e a)T<19s 0.5 Suitable 0.025 Munk (1950) en Palomino, et al.,
riod (T) 0.05 b)1.9s<T (2001); Carter, et al. (2009), and
<359s 0.35 Moderately  0.0175 Cavia del Olmo (2009).
suitable
S|gn|f|cant 0.07 a) Hs < 0.59 0.5 Suitable 0.035 Carter et al., (2009) y Cavia del
wave ' me)g.g99m < 0.035 Moderately 0.0245 Olmo (2009)

height s=06om suitable

(Hs)

. Carter et al. (2009);
Direct 0.18  a) Sediments 0.5 Suitable 0.09 FralanTes, NaEleraaE v
'(cjrisc-tion Otremba (2002); Taormina et

al. (2018)

. Taormina et al. (2018); OSPAR
Sediment 2009); ESSO (2008);
plume 0.15 a) Sands 0.6 Suitable 0.09 (2009); (2008);

eneration Newcombe and MacDonald
9 (1991); Pinilla, Gutiérrez, &

Ulloa-Delgado (2007)
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Figure 10. Map of the location of suitable and moderately suitable areas for the installation
of submarine cables in the Archipelago of San Andrés, Providencia y Santa Catalina
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CO-LOCATION

This analysis was based on the elaboration of a
cross-matrix between pairs of uses (aquaculture,
marine-jetties, submarine cables and wind
farms). It took into account the average of the
values obtained from the technical/environmental

criteria and the efficiency/effectiveness variables
established through expert judgment, to determine
whether the two uses are mutually improving, do
not interfere with each other or negatively affect
each other, where values close to 1 indicate
greater compatibility between maritime activities
(Afanador-Franco et al., 2022) (Table 7).

Table 7. Analysis of the level of compatibility of the uses evaluated.

Technical and

Uses environmental
criteria
Aquaculture vs. wind farm 0.080
Aquaculture vs. submarine
quaculture vs. su ri 0.075
cables
Wind f: 8 i
ind farm vs. submarine 0.100

cables

Efficiency and Expression of
effectiveness Average compatibility/
variables incompatibility
0.750 0.415 Conditionally incompatible
0.750 0.412 Conditionally incompatible
1.000 0.550 Conditionally compatible

Additionally, the IPTD was calculated taking
into account the two established scenarios. It
reflects both the degree of development trend for
aquaculture, offshore wind farms and submarine
cables, as well as the representativeness between

each pair of uses (tables 8 to 10 and figures 11 to
13) (Afanador-Franco et al., 2023; Communications
Regulation Commission, 2020; Echeberria, 2020;
GWEC, 2019, 2021; FAO, 2016, 2020; Research
and Markets, 2020, 2022; TeleGeography, 2022).

Table 8. Prioritization Index for Decision-Making under the non-pandemic and pandemic
scenarios for aquaculture uses and offshore wind farms.

Total area of the

- .. Growth trend . IPTD
Scenario Use/Activity (%) suitable 2::lreas IPTD Standardized
(km<)
A It 46 (FAO 2016
quacuiture ( ’ 101663.8963 0.4597 0.7302
suitable areas 2020)
ffshore wind f i-
No pandemic ~ Orenerewindfarmssui- o e 2010y 79717.3333 0.1332 0.2116
table areas
Offshore wind farms mo-, c\yEc, 2019) 21933.91055 0.0367 0.0582
derately suitable areas
A lture Suitabl
quacuiture SUable 45 (FAO 2020). 101663.8963 0.4197 0.5834
areas
With - Offshore wind f
th a pan Snore WINGIarms - 34 (GwEC 2021). 79717.3333 0.2351 0.3267
demic suitable areas
Offshore wind f -
Shore windfarms mo= 34  c\wec 2021). 21933.91055 0.0647 0.0899

derately suitable areas
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Figure 11. Map of future conditions for aquaculture and offshore wind farms in the scenario with and without
pandemic of the Archipelago of San Andrés, Providencia y Santa Catalina.
Table 9. Prioritization Index for Decision-Making under non-pandemic and pandemic scenarios
for aquaculture and submarine cable uses.
Total area of the IPTD
i ivi L) . .
Scenario Use/ACtIVIty Growth trend ( /0) suitable areas (kmz) IPTD Standardized
Aquaculture
) 46 (FAO 2016, 2020). 101663.8963 0.4597 0.9350
Suitable areas
Submarine cables 3.2 (Echeberria,
N demi Suitable areas 2020; Research and 80219.62134 0.0252 0.0513
0 pandemic
P Markets, 2020).
Submarine cables 3.2 (Echeberria,
Moderately suitable  2020; Research and 21433.62719 0.0067 0.0137
areas Markets, 2020).
Aquaculture
. 42 (FAO 2020 101663.8963 0.4197 0.8607
Suitable areas ( )
Submarin ble 6.8 (Research and
. ubmarine cables
With a pan- . Markets, 2022; Tele- 80219.62134 0.0536 0.1100
; Suitable areas
demic Geograp,hy 2022).
Submarine cables 6.8 (Research and
Markets, 2022; Tele- 21433.62719 0.0143 0.0294

Moderately suitable
areas

Geography, 2022).
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Figure 12. Map of future conditions for aquaculture and submarine cables in the scenario with and without
pandemic of the Archipelago of San Andreés, Providencia y Santa Catalina.
Table 10. Prioritization Index for Decision-Making under non-pandemic and pandemic scenarios
for the uses of submarine cables and offshore wind farms.
Total area of
- .. the IPTD
Scenario Use/Activity Growth trend (%) IPTD

suitable areas
(km?2)

Standardized

3.2 (Echeberri;
Submarine cables (Echeberria,

Suitable areas 2020; Research and

Markets, 2020).
3.2 (Echeberria,
2020; Research and
Markets, 2020).

Submarine cables
Moderately suitable

No pande-
- areas

mic
Offshore wind farms,

suitable areas 17 (GWEC 2019).

Offshore wind farms,
moderately suitable

17 (GWEC 2019).
areas

80219.62134

21433.62719

79717.3333

21933.91055

0.0252 0.1250

0.0067 0.0334

0.1332 0.6600

0.0367 0.1816
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IPTD

IPTD Standardized

Submarine cables
Suitable areas

Submarine cables

. Moderately suitable
With a pan-

6.8 (Research and
Markets, 2022; Tele-
Geography, 2022).
6.8 (Research and
Markets, 2022; Tele-

80219.62134

21433.62719

0.0536 0.1458

0.0143 0.0390

- areas Geography, 2022).
demic .
Offshore wind farms, 34 Gwec 2021) 79717.3333 0.2351 0.6393
suitable areas
Offshore wind farms,
moderately suitable 30 21933.91055 0.0647 0.1759
areas
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Figure 13. Map of future conditions for submarine cables and offshore wind farms in the scenario with and without
a pandemic of the Archipelago of San Andrés, Providencia y Santa Catalina.
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DiscuUsSION

In the last 20 years, half of the places in
the world with marine-coastal areas have
implemented Marine Spatial Planning as a tool
for the management of these spaces, in order to
seek a balance between the conservation of
ecosystems and socioeconomic development. In
Colombia, DIMAR has implemented its
methodology based on the PEM with a
quantitative approach in different geographical
areas; however, it has been shown that in
underdeveloped countries and small islands
these processes are affected by factors such as
climate change, natural disasters and, mainly,
the lack of spatial information related to cultural,
economic, ecological and social aspects (Ban,
Hansen, Jones, & Vincent, 2009; Ehler, 2021;
Mead, 2021). In addition, some island areas may
have a much larger marine area than their
terrestrial portion, making it difficult to manage
marine resources (Jumeau, 2013).

Although progress in the PEM is limited in
small islands, due to the different limitations, in
some Caribbean islands such as the Dominican
Republic, Saint Lucia, the Grenadines, Barbuda,
Montserrat, Saint Kitts and Nevis, it has been
implemented, with significant progress in the last
decade (Flower et al., 2019; Mahadeo, 2022;
Pomeroy, Baldwin, & Mc. Conney, 2014;
Caribbean Environment Program, 2019; Diaz-
Romero, Dominguez-Tejo, & Schill, 2012; The
Nature Conservancy, 2012). Likewise, in islands
in Asia, French Polynesia and the United Kingdom,
among others (André, Van Wynsberge, Chinain,
Gatti, Liao, & Andréfouét, 2022; Hardman et al.,
2022; Sujadmi & Murtasidin, 2020), these
planning instruments have been applied, thus
they can become a reference for other island
areas.

Globally, economic activities in island areas
are mainly related to the tourism and fishing
sector (André et al., 2022; Flower et al., 2019;
Pratt, 2015). However, due to the limitations
of these island spaces, the economy depends on
external investments and activities that are
mainly carried out in the marine space (André et
al., 2022; Flower et al., 2019; Greenhill & Pro,
2018; Pratt, 2015). The Archipelago of San
Andrés, Providencia y Santa Catalina is no
exception, because it is considered one of the

main tourist destinations in Colombia and its
economy revolves around this activity, as well as
fishing and trade (Aguilera-Diaz, 2016).

Additionally, part of the maritime territory of
the Archipelago is protected under the figures of
‘marine protected area’, ‘national natural park’
and ‘regional national park’, with a wide variety
of ecosystems that provide services such as food,
recreation, coastal protection, among others.
However, according to the analysis of the
MCM:MAV, it was identified that these areas
present a high degree of conflict with uses such as
artisanal fishing, beaches with a tourist vocation,
landfills, dredging and oceanic engineering works,
due to the fact that their regulations limit the
development of these activities (Coralina, 2018;
Sanchez, 2012).

Despite the maritime activities that are
currently being carried out in San Andrés,
Providencia y Santa Catalina, one of the
challenges of MCM:MAV is to identify the potential
for new uses/activities and to establish whether
the physical and environmental characteristics of
the marine area are adequate for its operation
(Afanador-Franco et al., 2022, 2023), contributing
to the diversification of the economy and the
improvement of the conditions of the population.

Taking into account the above, activities such
as aquaculture, wind farms and submarine cables
have a high growth trend in the horizon of 2030,
due to their importance in terms of food security,
clean energy generation and the provision of
telecommunications services (Communications
Regulation Commission, 2020; Echeberria, 2020;
FAO, 2016, 2020; GWEC, 2019, 2021; Research
and Markets, 2020, 2022; TeleGeography,
2022). Aquaculture projects are not carried out
in the Archipelago (Merino, Bonilla, & Bages,
2013); however, according to Hortlda (2013) and
the results corresponding to the suitable areas
obtained in this study, it is considered that the
area has a high potential for development. Still,
it is likely that the current regulations, the lack
of research and investment, both from the
private and public sectors, added to the costs of
transportation, construction, and operation, have
not allowed the execution of this activity in these
islands (Decree No. 2668 of 2012, Government
Department of the Archipelago of San Andrés,
Providencia and Santa Catalina, 2020; Greenhill
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& Pro, 2018; Merino et al., 2013; Sarmiento-
Guerrero, Pérez-Walteros, 2021).

With respect to offshore wind farms, in
Colombia, it was only until 2022 that the guidelines
for the allocation of areas in the departments of
Bolivar and Atlantico were established (Resolution
No. 40284 of 2022). Therefore, these types of
projects do not exist yet. In the Archipelago, the
energy supply has total coverage, but it depends
mainly on fossil fuels that produce high air
pollution (approximately 134 thousand tons of
CO, per vyear). The Archipelago has been
making efforts towards the generation of clean
energy. Proof of this is the result of this study,
which indicates that there is an area of 79,717.33

km?2 of suitable areas (physical and
environmental conditions) that correspond to
48.02% of the total area. The studies also point
to the potential of wind energy in San Andrés,
identifying a possible saving of 8% of the CO;
emissions currently emitted by the island (IDB,
2016; Grueso-Lopez, 2022).

Likewise, studies have been carried out for the
use of wind and solar resources coordinated by the
National Learning Service (SENA), highlighting
a wind energy proposal that is in the technical
feasibility stage (Matiz-Chicacausa et al., 2016;
SENA, 2013). However, the construction of these
large-scale projects in isolated areas could have
very high costs that make their execution difficult
(IDB, 2016; Gémez, 2022).

As for submarine cables, before 2020 the
Archipelago had only one (San Andrés Isla Tolu
Submarine Cable - SAIT), and there were
connectivity problems, mainly associated with
network saturation and limiting characteristics for
the installation of new cables such as geographical
location, high infrastructure and transport costs
(Martinez, 2017; MinTIC, 2020); however, since
2020, after Hurricane IOTA hit the area, a new
submarine cable (America Movil Submarine Cable
System-1, AMX-1) was installed. This generated
an advance in telecommunications, increasing
the national and international connection that
positions it as the second fastest in the country
(ElI Tiempo, 2023). Although the installation of
more cables is not planned in the short term,
according to the results of the MCM:MAV, the

area has 80,219.62 km2 of areas that meet the
physical and environmental conditions for the

laying of new submarine cables, which correspond
to 48.32% of the Archipelago.

In addition to identifying the activities with the
greatest growth potential in the scenarios
proposed by Dimar, the MCM:MAV makes it
possible to define whether they can be developed
in the same geographical space and to establish
whether the development of one affects the other,
taking into account a co-location analysis, which
determines the compatibility/incompatibility
between them (Afanador-Franco et al., 2022,
2023). In island areas that have less accessibility
due to their geographical location, limited public
services, poor food security, among others, the
development of large-scale maritime activities can
generate high costs, which can limit investment by
both the public and private sectors, affecting the
quality of life of the population (André et al., 2022;
Gdémez, 2022; Universidad Distrital “Francisco José
de Caldas”, 2020). Therefore, it is important to
properly manage these spaces, in such a way that
it is possible to identify which uses/activities can
be more efficient and effective in the same area
(Afanador-Franco et al., 2022, 2023).

For the Archipelago, it was identified that
aquaculture projects cannot be developed with
submarine cables or offshore wind farms, mainly
due to the accidental damage that may occur
(Afanador-Franco et al., 2022, 2023; Cardia et al.,
2017; Meindl, 1996; Queensland Government,
2019; Rojo, 2016). While wind farms, being
conditionally compatible with submarine cables,
could be executed under certain agreements
between the interested parties, since there are
common interests such as safety, access, and
installation, maintenance, and operations
processes on the seabed, their restrictions must
be taken into account (Afanador-Franco et al.,
2022, 2023; European Commission, n.d.; ESCA,
2016; ICPC, 2013). Additionally, in the event that
applications are submitted for these three activities
in the same area, according to the value of the
IPTD proposed by Dimar, aquaculture should be
prioritized with respect to the other two, as it has
a greater growth trend and an area suitable for
its operation (Afanador-Franco, Molina-Jiménez,
Pusquin-Ospina, Barrientos, Banda-Lepesquer
and Castro-Mercado, 2023).

Finally, as it is a continuous process and
adaptable to the conditions of marine-coastal
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spaces, the challenge of MCM:MAV is to include
climate change in future development scenarios
by 2050 in the national territory, recognizing
its importance and effects on the planning
of maritime activities and natural resources
(ECLAC, 2019).

CONCLUSIONS

The MCM:MAV is a contribution of DIMAR to
the management of marine-coastal activities that
take place in the Archipelago of San Andrés,
Providencia y Santa Catalina, since their current
and future conditions were analyzed, evidencing
conflicts, compatibilities and suitable areas for the
establishment of new activities.

In the Archipelago area, in the cross-matrix of
compensation by pairs, a total of 1,444 crossings
were analyzed among the 38 identified uses/
activities, of which 288 correspond to areas where
there is overlap with conflicts, 180 are areas of
overlapping uses, but without conflict, and 976
areas with no overlap between uses/activities.

Likewise, through zoning by conflict index,
areas with high, medium and low levels of
conflicts were established, depending on the
weights assigned from the normalized matrix of
compensation by pairs. This indicates that the
maritime uses/activities with the highest rate of
conflict correspond to restricted areas, marine
protected areas, artisanal fishing areas, beaches
with a tourist vocation, and corals.

The maritime activities with the most conflicts
identified from the overlaps for the Archipelago
of San Andrés, Providencia y Santa Catalina
correspond to artisanal fishing zones, restricted
areas, marine protected areas, seagrasses, and
corals.

The application of the MAYC methodology was
carried out in the areas free of uses/activities,
which represent 61.24 % of the study area,
identifying the areas suitable for aquaculture
(61.24 %), wind farms (48.02 %), and submarine
cables (48.32 %).

The Co-location model made it possible to
establish that in areas where aquaculture uses/
activities overlap vs. wind farms or submarine
cables, only one of the two can be developed.
Additionally, in cases where proposals for

submarine cables with wind farms are submitted
and overlap, the interested parties must reach
agreements to execute their projects with the
minimum number of conflicts.

The IPTD in the two future development
scenarios for the Archipelago of San Andrés,
Providencia y Santa Catalina suggests that the
use of aquaculture should be prioritized over wind
farms and submarine cables, due to the fact that
it has a greater growth trend.

ACKNOWLEDGEMENTS

The authors express their gratitude to DIMAR
for the support and funding of this research, framed
within the program ‘Management of Colombian
coasts’ of the project ‘Planning and management
of Colombian coasts and marine areas’.

REFERENCES

Afanador-Franco, F.; Molina-Jiménez, M. P.;
Pusquin-Ospina, L.T.; Escobar-Olaya, G. A.;
Castro-Mercado, I. F. (2019). Conflictos de uso
en el Proceso de Ordenamiento Marino
Costero: Visidbn de Autoridad Maritima.
Departamento de Bolivar — Colombia. Bol.
Cient. CIOH, 38(1), 27-40. https://doi.
org/10.26640/22159045.2019.507

Afanador-Franco, F.; Molina-Jiménez, M. P.;
Pusquin-Ospina, L. T.; Guevara-Cafias, N.;
Gonzalez-Bustillo, M. J.; Martinez-Uparela, K.
I.; Banda-Lepesquer, C.; Escobar-Olaya, G. A.;
Castro-Mercado, I. F. (2021). Coastal Marine
Planning: Vision of the Maritime Authority. Case
of the Department of Bolivar-Colombia. Revista
Costas, 2, 137-164. https://doi.org/10.26359/
costas.e0721

Afanador-Franco, F.; Molina-Jiménez, M. P.;
Pusquin-Ospina, L. T.; Gonzalez-Bustillo,
M. J.; Banda-Lepesquer, C.; Berrio-Reyes,
Y.; Escobar-Olaya, G. A.; Castro-Mercado,
I. F. (2022). Modelo de asignacion vy
colocalizacion de actividades maritimas para
el ordenamiento marino costero en el
departamento de Bolivar, Colombia. Colombia.
Bol. Cient. CIOH. 41(2), 29-57. https://doi.
org/10.26640/22159045.2022.600

F.; Molina-Jiménez,
L. T.; Barrientos,

Afanador-Franco,
Pusquin-Ospina,

M. P.;
N. S.;

79



80

CIOH Sci. Bull. 2024; 43(1): 57-88

Banda-Lepesquer, C.; Castro-Mercado, I. F.
(2023). Zonificacién de actividades maritimas
bajo escenarios de desarrollo futuro en los
departamentos de Bolivar, Sucre y Codrdoba,
Colombia. Marine and Fishery Sciences (MAFIS),
36(3), 289-322. https://doi.org/10.47193/
mafis.3632023010908

Aguilera-Diaz, M. (2016). Geografia econémica
del Archipiélago de San Andrés, Providencia
y Santa Catalina. Banco de la Republica.
https://www.banrep.gov.co/sites/default/files/
publicaciones/archivos/DTSER-133.pdf

Aldana, O.; Hernandez, A. (2016). La planificacién
espacial marina: marco operativo para conservar
la diversidad biolégica marina y promover el
uso sostenible del potencial econémico de los
recursos marinos en el Caribe. Instituto de
Oceanologia. https://cyted.org/assets/img/
publicacao/4/2016.2._planificacion_espacial_
marina_aldana_y_hernandez-zanuy_2016.pdf.

Almazan, J.; Palomino, M.; Garcia, J. (2000).
Instalaciones off-shore para carga y descarga
de hidrocarburos. Monoboyas y campos de
boyas. Universidad Politécnica de Madrid.
https://www.almazan-ingenieros.es/data/
archivo/Instalaciones%200off-shore%?20
para%?20carga®%?20y%?20descarga%20de%?20
hidrocarburos.%20Monoboyas%20y%20
campos%20de%20boyas.pdf

Alvarez, R. (2017). Cable Submarino, Conexion
DWDM entre continentes. Tesis de pregrado.
Universidad Politécnica de Madrid.

André, L. V.; Van Wynsberge, S.; Chinain, M.;
Gatti, C. M. 1.; Liao, V.; Andréfouét, S. (2022).
Spatial solutions and their impacts when
reshuffling coastal management priorities in
small islands with Ilimited diversification
opportunities. Sustainability, 14(7), 3871.
https://doi.org/10.3390/su14073871

Andrulewicz, E; Napierska, D; Otremba, Z. (2002).
The environmental effects of installation and
functioning of the submarine SwePol Link
HVDC transmission line: a case study of the
Polish Marine Area of the Baltic Sea. Journal of
Sea Research, 49, 337-345. https://doi.
org/10.1016/51385-1101(03)00020-0

Arias, C.; Duffis, K. (2017). Sistema eléctrico
insular con penetraciéon de energias no
convencionales:  San  Andrés. Manglar.
Uninorte. https://manglar.uninorte.edu.co/
handle/10584/7763

Colombian Association of Travel and Tourism.
(2023). Archipiélago de San Andrés,
Providencia y Santa Catalina deslumbrara en
la 42 vitrina turistica de Anato 2023. Anato.
ORG. https://anato.org/noticias/ archipielago-
de-san-andres-providencia-y- santa-catalina-
deslumbrara-en-la-42-vitrina- turistica-de-
anato-

Asomovil. (2021). Avances de la conectividad en
San Andrés y Providencia. https://www.
asomovil.org/avances-de-la-conectividad-en-
san-andres-y-providencia/

Baban, S. M.; Parry, T. (2001). Developing and
applying a GIS-assisted approach to locating
wind farms in the UK. Renewable Energy,
24(1), 59-71. https://doi.org/10.1016/S0960-
1481(00)00169-5

Ban, N. C.; Hansen, G. J.; Jones, M.; Vincent,
A. C. (2009). Systematic marine conservation
planning in data-poor regions: socioeconomic
data is essential. Marine Policy, 33(5), 794-800.
https://doi.org/10.1016/j.marpol.2009.02.011

Inter-American Development Bank. (2016). Hacia
la sostenibilidad eléctrica en el archipiélago de
San Andrés, Providencia y Santa Catalina,
Colombia: analisis de alternativas. BID.
https://publications.iadb.org/publications/
spanish/document/Hacia-la-sostenibilidad-
€l%C3%A9ctrica-en-el-Archipi%C3%A9lago-
de-San-Andr%C3%A9s-Providencia-y-Santa-
Catalina-Colombia-An%C3%Allisis-de-alternat-
ivas.pdf

Boehlert, G.; Gill, A. (2010). Environmental and
Ecological Effects of Ocean Renewable Energy
Development-A Current Synthesis.
Oceanography, 23(2), 68-81 https://doi.
org/10.5670/oceanog.2010.46

Boyd, C. E. (1995). Bottom soils, sediment, and
pond aquaculture. Springer Science & Business
Media. https://doi.org/10.1007/978-1-4615-
1785-6


http://www.banrep.gov.co/sites/default/files/
http://www.almazan-ingenieros.es/data/
http://www/

Molina-Jiménez et al.: Marine and Coastal Management- Colombian

Cardia, F.; Ciattaglia, A.; Corner, R. A. (2017).
Guidelines and criteria on technical and
environmental aspects of cage aquaculture site
selection in the Kingdom of Saudi Arabia. Food and
Agriculture Organization of the United Nations
(FAO). https://repository.oceanbestpractices.
org/bitstream/handle/11329/1616/i6719e.
pdf?sequence=1&isAllowed=y

Carroll, M. L.; Cochrane, S.; Fieler, R.; Velvin, R.;
White, P. (2003). Organic enrichment of
sediments from salmon farming in Norway:
environmental factors, management practices,
and monitoring techniques. Aquaculture,
226(1-4), 165-180. https://doi.org/10.1016/
S0044-8486(03)00475-7

Carter, L.; Burnett, D.; Drew, S.; Marle, G.;
Hagadorn, L.; Bartlett-McNeil, D.; Irvine,
N. (2009). Submarine Cables and the Oceans-
Connecting the World. UNEP-WCMC.
Biodiversity Series N°. 31. ICPC/UNEP/ UNEP-
WCMC. https://www.researchgate.net/
publication/286143047_Submarine_cables_
and_the_oceans_Connecting_the_world

Carvajal, A. (2009). Caracterizacion fisico-bidtica
del litoral del departamento Archipiélago de
San Andrés, Providencia y Santa Catalina. En:
Direccion General Maritima (Ed.),
Caracterizacion fisico-biética del litoral Caribe
colombiano. (Tomo I, Vol. 1).

Cavia del Olmo, B. (2009). Explotacion del
potencial de energia del oleaje en funcién del
rango de trabajo de prototipos captadores.
Tesis de grado. Universidad Politécnica de
Cataluna, Departamento de Ingenieria de
Caminos, Canales y Puertos. http://hdl.handle.
net/2099.1/8720

Centro de Investigaciones Oceanograficas e
Hidrograficas del Caribe. (2010). Reporte
Climatologia de los principales puertos del
Caribe colombiano-San Andrés y Providencia.
CIOH.

Christie, N.; Smyth, K.; Barnes, R.; Elliott,
M. (2014). Co-location of activities and
designations: ¢A means of solving or creating
problems in marine spatial planning? Marine
Policy. 43, 254-261. https://doi.org/10.1016/j.
marpol.2013.06.002

Colombian Ocean Commission. (n.d.). Reserva
de bidsfera Seaflower Departamento de San
Andrés, Providencia y Santa Catalina, Colombia.
http://cco.gov.co/cco/publicaciones/83-
publicaciones/261-mapa-reserva-de-biosfera-
seaflower.html

Colombian Ocean Commission. (2015). Aportes
al conocimiento de la reserva de bidsfera
Seaflower. Comisién Colombiana del Océano.
CCo.

Comision Colombiana del Océano. (2018). Politica
Nacional del Océano y de los Espacios Costeros
(Pnoec). CCO.

Comision de Regulacion de Comunicaciones.
(2020). Documento de Consulta Observatorio
de Inversion en Telecomunicaciones de la CRC.
https://crcom.gov.co/system/files/
Proyectos%?20Comentarios/2000-38-2-1/
Propuestas/200428_dto_observatorio_de_
inversion.pdf

Comision Econdmica para América Latina y el
Caribe. (2019). Planificacion para el desarrollo
territorial sostenible en América Latina y
el Caribe (LC/CRP.17/3). Cepal. https://
repositorio.cepal.org/bitstreams/382c3038-
a88d-4f29-aaf7-5c08bb1b2faf/download

Corporacion para el Desarrollo Sostenible del
Archipiélago de San Andrés, Providencia y Santa
Catalina. (2018). Actualizacién Plan de Manejo
Ambiental del Parque Natural Regional "JOHNNY
CAY REGIONAL PARK” 2019-2023. Coralina.
https://runapadmin.parquesnacionales.gov.co/
default/general/descargarplan?pid=458

COWTI; Ernst Young. (2013). Study to support
Impact Assessment of Marine Knowledge
2020. https://maritime-forum.ec.europa.eu/
document/download/c3da0e84-47e3-4823-
b50a-500790dd0c72_en?filename=Marine%?20
Knowledge%?20IA%20S tudy_Fina 1%20
report_03.04.13.pdf

Dagua, C.; Torres, R.; Monroy, J. (2018).
Condiciones oceanogréficas de la reserva de
biosfera Seaflower 2014-2016. Bol. Cient.
CIOH (37):53-74. https://doi.
org/10.26640/22159045.449

81


http://www.researchgate.net/
http://hdl.handle/
http://cco.gov.co/cco/publicaciones/83-

82

CIOH Sci. Bull. 2024; 43(1): 57-88

De Groot, R.; Wilson, M.; Boumans, R. (2002). A
typology for the classification, description and
valuation of ecosystem functions, goods and
services. Ecological Economics. 41, 393-408.
https://doi.org/10.1016/S0921-
8009(02)00089-7

Decree-Law No. 2324 of 1984. (September 18).
Por el cual se reorganiza la Direccion General
Maritima y Portuaria. Ministerio de Defensa
Nacional.

Decree No. 5057 of 2009. (December 30). Por el
cual se modifica parcialmente la estructura del
Ministerio de Defensa Nacional-Direccion
General Maritima y se dictan otras disposiciones.
Ministerio de Defensa Nacional.

Decreto N°. 1946 de 2013. (September 09). Por
medio del cual se reglamentan los articulos 1°,
2°,3°,4°,5° 6°y 9°delaley 10 de 1978, y
2°y 3°delaley 47 de 1993 en lo concerniente
al mar territorial, la zona contigua, algunos
aspectos de la plataforma continental de los
territorios insulares colombianos en el mar
Caribe occidental y a la integridad del
departamento archipiélago de San Andrés,
Providencia y Santa Catalina. Presidencia de la
Republica de Colombia.

Decreto N°. 2668 de 2012. (December 21). Por el
cual se reglamentan los articulos 36 a 38 de la
Ley 915 de 2004, por la cual se dictd el Estatuto
Fronterizo para el Desarrollo Econdmico y Social
del Archipiélago de San Andrés, Providencia
y Santa Catalina. Ministerio de Ambiente y
Desarrollo Sostenible.

Departamento Nacional de Planeacion. (2020a).
Documento Consejo Nacional de Politica
Econdémica y Social. Conpes 3990. https://
colaboracion.dnp.gov.co/CDT/Conpes/
Econ%C3%B3micos/3990.pdf

Departamento Nacional de Planeacion. (2020b).
Politica General de Ordenamiento Territorial
(PGOT). https://colaboracion.dnp.gov.co/CDT/
Conpes/Econ%C3%B3micos/3990.pdf

Departamento Nacional de Planeacién. (2023).
Bases del Plan Nacional de Desarrollo 2022 -
2026. https://colaboracion.dnp.gov.co/CDT/
portalDNP/PND-2023/2023-03-17-bases-plan-
nacional-desarrollo-web.pdf

Diaz, J. M. (2005). Esquemas espaciales de
zonacién ecoldgica y morfologia de las lagunas
de los atolones y complejos arrecifales de
un archipiélago oceanico del Caribe: San
Andrés y Providencia (Colombia). Revista de
la Academia Colombiana de Ciencias Exactas,
Fisicas y Naturales, 29, 357-369.
https://www.frontiersin.org/article/10.3389/
fmars.2019.00038/full https://doi.
org/10.18257/raccefyn.29(112).2005.2170

Diaz-Romero, T.; Dominguez-Tejo, E.; Schill, S.
(2012). Zonificacion Basada en Ecosistemas en
la Bahia de Samana, Republica Dominicana.
Proceedings of the 65th Gulf and Caribbean
Fisheries Institute, 65.128-135. https://www.
researchgate.net/publication/275949153_
Zonificacion_Basada_en_Ecosistemas_en_la_
Bahia_de_Samana_Republica_Dominicana

Direccion General Maritima-Centro de
Investigaciones Oceanograficas e Hidrograficas
del Caribe. (2013). Atlas Geomorfoldgico del
Litoral Caribe Colombiano. Dimar-CIOH.
Direccion General Maritima.

Direccion General Maritima de Colombia. (2022).
Plan Estratégico de Desarrollo 2042. https://
cecoldodigital.dimar.mil.co//3422/1/420_
DIMAR.pdf

Echeberria, R. (2020). Infraestructura de Internet
en América Latina: puntos de intercambio de
trafico, redes de distribucion de contenido,
cables submarinos y centros de datos. Comision
Econdmica para América Latina y el Caribe
(Cepal).

Ehler, C. (2021). Two decades of progress in Marine
Spatial Planning. Marine Policy. 132. https://
doi.org/10.1016/j.marpol.2020.104134

Ehler, C. N.; Douvere, F. (2009). Marine Spatial
Planning: a step-by-step approach toward
ecosystem-based management. UNESCO.
https://doi.org/10.25607/0bp-43

El Tiempo. (2023, September 15). San Andrés
tiene el segundo Internet mas rapido de
Colombia. E/ Tiempo. https://www.eltiempo.
com/mas-contenido/san-andres-segundo-
departamento-con-mejor-velocidad-de-
descarga-de-internet-809234


http://www.frontiersin.org/article/10.3389/
http://www/

Molina-Jiménez et al.: Marine and Coastal Management- Colombian

ESSO. (2008). Offshore impact assessment. PNG

LNG Project. https://pnglng.com/media/ PNG-
LNG-Media/Files/Environment/EIS/eis_
appendix11.pdf.

Esteban, M. D. (2009). Propuesta de una

metodologia para la implantacién de parques
edlicos offshore. Tesis doctoral. Universidad
Politécnica de Madrid.

European Commission. (s. f.). Conflict fiche 2:

Cables / pipelines and commercial fisheries /
shipping. European MSP Platform. https://
maritime-spatial-planning.ec.europa.eu/sites/
default/files/2_cables_fisheries-revised_0.pdf

European Subsea Cables Association. (2016).

Guideline N°. 6 - The Proximity of Offshore
Renewable Energy Installations and Submarine
Cable Infrastructures. ECSA. https://www.
escaeu.org/download/?1d=123

Flower, J.; Ramdeen, R.; Estep, A.; Thomas, L.

R.; Francis, S.; Goldberg, G. ... y Lester, S.
E. (2019). Marine spatial planning on the
Caribbean Island of Montserrat: Lessons for
data-limited small islands. Conservation
Science and Practice: 2(4), e158. https://doi.
org/10.1111/csp2.158

Fugro Marine GeoServices, Inc. (2017).

Geophysical and Geotechnical Investigation
Methodology Assessment for Siting Renewable
Energy Facilities on the Atlantic OCS. US Dept.
of the Interior, Bureau of Ocean Energy
Management, Office of Renewable Energy
Programs, Herndon. OCS Study BOEM 2017-
049. https://www.boem.gov/sites/
default/files/environmental-stewardship/
Environmental-Studies/Renewable-Energy/ G-
and-G-Methodology-Renewable-Energy-
Facilities-on-the-Atlantic-OCS.pdf

Gallego-Cosme, M. (2014). La planificacién y

gestion territorial integral en islas pequefias
como herramienta de reduccién de riesgos
naturales. Revista ABRA, 34(48), 1-18. http://
dx.doi.org/10.15359/abra.34-48.1

Geister, J.; Diaz, J. (2007). Ambientes Arrecifales

y Geologia de un Archipiélago ocednico: San
Andrés, Providencia y Santa Catalina (Mar
Caribe, Colombia) con guia campo. Instituto
Colombiano de Geologia y Mineria (Ingeominas).

Global Wind Energy Council. (2019). Global wind
report 2019. GWEC. https://gwec.net/ wp-
content/uploads/2020/08/Annual-Wind-
Report_2019_digital_final_2r.pdf

Global Wind Energy Council. (2021). Global wind
report 2021. GWEC. https://gwec.net/wp-
content/uploads/2021/03/GWEC-Global-Wind-
Report-2021.pdf

Government of the Archipelago of San Andrés,
Providencia and Santa Catalina. (n.d.). Plan
Departamental de gestion del riesgo,
Archipiélago de San Andrés, Providencia y Santa
Catalina. http://repositorio.gestiondelriesgo.
gov.co/bitstream/handle/20.500.11762/383/
PDGR%20San%20Andres.pdf

Government of the Archipelago Department of
San Andrés, Providencia and Santa Catalina.
(2019). Anuario Estadistico 2018. https://www.
sanandres.gov.co/index.php/gestion/planeacion/
plan-de-desarollo/estadisticas/10909-anuario-
estadistico-2018/file

Government of the Archipelago Department of
San Andrés, Providencia and Santa Catalina.
(2020). Plan de Desarrollo Departamental 2020-
2023. https://sanandres.gov.co/index.php/
gestion/planeacion/plan-de-desarollo/plan-de-
desarrollo-anuales/11524-plan-de-desarrollo-
todos-por-un-nuevo-comienzo-2020-2023/file

Government Department of the Archipelago of
San Andrés, Providencia and Santa Catalina.
(2021). Anuario Estadistico 2021. https://
www.sanandres.gov.co/index.php/gestion/
planeacion/publicaciones/16599-anuario-
estadi-stico-2021/file

Gémez, 0. (2022). Sustitucion actual de
generacion de energia eléctrica a base de diesel
a partir de FNCE para San Andrés islas: Tesis de
Maestria. Pontificia Universidad Javeriana.

Gonzalez, J. (2007). El potencial energético util
de las corrientes marinas en el estrecho de
Gibraltar. Tesis doctoral. Escuela Técnica
Superior de Ingenieros Navales.

Greenhill, L.; Pro, S. (2018). Workshop Report
Maritime Spatial Planning for Islands: Las
Palmas de Gran Canaria - Spain. https://
maritime-spatial-planning.ec.europa.eu/sites/
default/files/20181101_msp_for_islands_
report.pdf.

83


http://www/
http://www.boem.gov/sites/
http://repositorio.gestiondelriesgo/
http://www/
http://www.sanandres.gov.co/index.php/gestion/

84

CIOH Sci. Bull. 2024; 43(1): 57-88

Grueso-Lopez, N. (2022). Anteproyecto de un
Parque Edlico en la isla de San Andrés, Colombia
financiado parcialmente por la comunidad local.
Tesis de maestria. Universidad de Barcelona.

Guande, L.; Yancong, L.; Peng, Y.; Chengkai, L.;
Xiaoli, M.; Yang, Q. (2013). Impacts of ocean
current and seabed friction on the picking-up
and laying-down processes of oil and gas
pipelines. Petroleum Exploration and
Development, 40(1), 119-125. https://doi.
org/10.1016/S1876-3804(13)60013-0

Handy, R. D.; Poxton, M. G. (1993). Nitrogen
pollution in mariculture: toxicity and excretion
of nitrogenous compounds by marine fish.
Rev. Fish Biol. Fish. 3, 205-241. https://doi.
org/10.1007/BF00043929

Hardman, E. Thomas, H. L. Baum, D. Clingham,

E. Hobbs, R. Stamford, T. ... y Smith, N.
(2022). Integrated marine management in the
United Kingdom overseas territories. Frontiers
in Marine Science, 8, 643729. https://doi.
org/10.3389/fmars.2021.643729

Herbeck, L. S.; Unger, D.; Wu, Y.; Jennerjahn, T.

C. (2013). Effluent, nutrient and organic matter
export from shrimp and fishponds causing
eutrophication in coastal and back-reef waters
of NE Hainan, tropical China. Continental Shelf
Research, 57, 92-104. https://doi.
org/10.1016/j.csr.2012.05.006

Hortla, N. (2013). Zonificacién de la Acuicultura
Nacional. https://www.aunap.gov.co/
documentos/OGCI/Zonificaci%C3%B3n-de-la-
Acuicultura-en-Colombia.pdf

Idarraga-Garcia, J.; Ledon-Rincon, H. A. (2019).
Unraveling the Underwater Morphological
Features of Roncador Bank, Archipelago of San
Andres, Providencia and Santa Catalina
(Colombian Caribbean). Front. Mar. Sci. 6:77.
https://doi.org/10.3389/fmars.2019.00077.

Idarraga-Garcia, J.; Garcia-Varén, J.; Ledn-Rincén,

H. A. (2021). Submarine geomorphology,
tectonic features and mass wasting processes
in the archipelago of San Andrés, Providencia
and Santa Catalina (western Caribbean). Marine
Geology, 435. https://doi.org/10.1016/j.
margeo.2021.106458

Inger, R.; Attrill, M. J.; Bearhop, S.; Broderick,
A. C.; James Grecian, W., Hodgson, D. J.; ...;
Godley, B. J. (2009). Marine renewable energy:
potential benefits to biodiversity? An urgent call
for research. Journal of applied ecology, 46(6),
1145-1153. https://doi.org/10.1111/j.1365-
2664.2009.01697.x

International Cable Protection Committee. (2013).
ICPC Recommendation N°. 13: The Proximity of
Offshore Renewable Wind Energy Installations
and Submarine Cable Infrastructure in National
Waters. ICPC. https://downloads.regulations.
gov/BOEM-2022-0009-0193/attachment_1.pdf

Ivars, A. (2017). Disefio de una jaula flotante
para el engorde del pescado en el golfo de
Cadiz. https://rodin.uca.es/
bitstream/handle/10498/19146/911351.
pdf?sequence=18&isAllowed=y

Jumeau, R. (2013). Small island developing
states, large  ocean  states. https://
sustainabledevelopment.un.org/content/
documents/1772Ambassador%20Jumeau_
EGM%200ceans%?20FINAL.pdf.

Kapetsky, J. M.; Aguilar, J.; Jenness, J. (2013).
A global assessment of offshore mariculture
potential from a spatial perspective. FAO
fisheries and aquaculture technical paper, (549),
1. https://www.fao.org/4/i3100e/i3100e.pdf

Lopez, 1.; Ruiz, W. (2015). Manual de construccion
y manejo de jaulas flotantes para la maricultura
del Ecuador. https://doi.org/ 10.13140/
RG.2.1.2664.2647.

Loughney, S.; Wang, J.; Bashir, M.; Armin, M.;
Yang, Y. (2021). Development and application
of a multiple-attribute decision-analysis
methodology for site selection of floating
offshore wind farms on the UK Continental
Shelf. Sustainable Energy Technologies and
Assessments. https://doi.org/10.1016/j.
seta.2021.101440

Malczewski, J. (1999). GIS and multicriteria
decision analysis. United States of America.
New York. John Wiley Sons. INC.

Maguire, B.; Potts, J.; Fletcher, S. (2012). The role
of stakeholders in the marine planning process—
Stakeholder analysis within the Solent, United


http://www.aunap.gov.co/
http://www.fao.org/4/i3100e/i3100e.pdf

Molina-Jiménez et al.: Marine and Coastal Management- Colombian

Kingdom. Marine Policy, 36(1), 246-257.
https://doi.org/10.1016/j.marpol.2011.05.012

Mahadeo, S. (2022). Marine spatial planning in
the Eastern Caribbean: Trends and progress.
Marine Policy, 145. https://doi.org/10.1016/j.
marpol.2022.105277.

Malhotra, S. (2010). Design and construction
considerations for offshore wind turbine
foundations in North America. In: GeoFlorida
2010: Advances in Analysis, Modeling & Design.
https://doi.org/10.1061/41095(365)155

Mariyasu, L.; Allain, R.; Benhalima, K.; Claytor,
R. (2004). Effects of seismic and marine noise
on invertebrates: A literature review.
https://waves-vagues.dfo-mpo.gc.ca/library-
bibliotheque/317113.pdf

Martinez, P. (2017). Cable submarino de San
Andrés: hacia donde va la inversidn publica en
infraestructura. CITAS, 3(1), 73-87. https://
dialnet.unirioja.es/descarga/articulo/8662975.
pdf. https://doi.org/10.15332/24224529.5149

More Community. (2023, March 23). Las Islas del
caribe colombiano migran hacia las energias
renovables. + Comunidad. https://
mascomunidad.org.ar/las-islas-del-caribe-
migran-hacia-las-energias-renovables/.

Matiz-Chicacausa, A.; Gonzdlez-Quintero, A.;
Gallardo-Gémez, A.; Usseglio-Lizcano, A.;
Herrera-Rodriguez, D.; Alvarez-Gonzélez, E.;
... ; Rodriguez, J. M. (2016). Plan Estratégico
Departamental de Ciencia, Tecnologia e
Innovacion del Archipiélago de San Andrés,
Providencia y Santa Catalina 2012-2027.
http://hdl.handle.net/20.500.12324/33518

McGowan, L.; Jay, S. J.; Kidd, S. (2019). Scenario-
Building for Marine Spatial Planning. En Zaucha,
J. y Gee, K. (Eds.), Maritime Spatial Planning:
past, present, future (pp. 327-351). Palgrave
Macmillan. https://doi.org/10.1007/978-3-
319-98696-8_14.

Mead, L. (2021). Small islands, large oceans:
voices on the frontlines of climate change. Earth
Negotiations Bulletin. https://www.iisd.org/
system/files/2021-03/still-one-earth-SIDS.pdf

Meindl, A. (1996). Guide to moored buoys and
other ocean data acquisition systems. https://

repository.oceanbestpractices.org/bitstream/
handle/11329/81/DBCP-08-Guide-Moored-
Buoys.pdf?sequence=1isAllowed=y

Merino, M. C.; Bonilla, S. P.; Bages, F. (2013).
Diagndstico del estado de la acuicultura en
Colombia. https://www.aunap.gov.co/
documentos/OGCI/25-Diagn%C3%B3stico-
del-estado-de-la-acuicultura-en-Colombia.pdf.

Milne, P. H. (1976). Engineering and the Economics
of Aquaculture. Journal of the Fisheries Research
Board of Canada, 33(4), 888-898. https://doi.
org/10.1139/f76-113

Ministry of Information and Communications
Technologies. (2020). Plan San Andrés
conectado: el futuro digital es de todos.
(MIinTIC).  https://mintic.gov.co/portal/715/
articles-126014_recurso_4.pdf

National Oceanic and Atmospheric Administration.
(2007). Stellwagen Bank National Marine
Sanctuary Report 2007. NOAA. http://
sanctuaries.noaa.gov/science/condition/
sbnms/welcome.html.

Newcombe, C. P.; McDonald, D. D. (1991) Effects
of Suspended Sediments on Aquatic
Ecosystems. North American Journal of
Fisheries Management, 11, 72-82. https://doi.
org/10.1577/1548-8675(1991)011<0072:EQS
SOA>2.3.CO; 2

Food and Agriculture Organization of the United
Nations. (2006). E/ estado actual de la pesca y
la acuicultura. FAO. https://openknowledge.
fao.org/bitstreams/070dc908-7b4e-4b25-
94a8-204cdfe2cb08/download

Food and Agriculture Organization of the United
Nations. (2016). El estado mundial de la pesca
y la acuicultura 2016: contribucion a la
seguridad alimentaria y la nutricion para todos.
FAO. https://www.fao.org/3/i5555s/i5555s.
pdf.

Food and Agriculture Organization of the United
Nations. (2020). El estado mundial de la pesca
y la acuicultura 2020: la sostenibilidad en
accién. FAO. https://www.fao.org/3/ca9229%es/
ca9229es.pdf.

Ortiz-Royero, J. (2012). Exposure of the Colombian
Caribbean coast, including San Andrés Island,

85


http://hdl.handle.net/20.500.12324/33518
http://www.iisd.org/
http://www.aunap.gov.co/
http://www.fao.org/3/i5555s/i5555s
http://www.fao.org/3/ca9229es/

86

CIOH Sci. Bull. 2024; 43(1): 57-88

to tropical storms and hurricanes, 1900-2010.
Nat. Hazards, 61, 815-827. https:// doi.
org/10.1007/s11069-011-0069-1

Ortiz-Royero, J.; Plazas, M.; Lizano, O. (2015).
Evaluation of extreme waves associated with
cyclonic activity on San Andres Island in the
Caribbean Sea since 1900. Journal of Coastal
Research, 31(3), 557-568. https://doi.
org/10.2112/JCOASTRES-D-14-00072.1.

OSPAR. (2009). Assessment of the Environmental
Impacts of Cables. Convention for the Protection
of the Environment of the North-East Atlantic.
Biodiversity series, (437), 3-18. https:// qsr
2010 ospar. org/media/assessments/
p00437_Cables.pdf

Palomino, M.; Almazan, J. L.; Arrayas, J. L.
(2001). Oscilaciones en masas de agua
confinadas: resonancia en puertos. Escuela
Técnica Superior de Ingenieros de Caminos,
Canales y Puertos. Universidad Politécnica de
Madrid. https://www.almazan-ingenieros.
es/data/archivo/Oscilaciones%20en%20
masas%?20de%?20agua%?20confinadas.%?20
Resonancia%?20en%?20puertos..pdf

Pérez, M.; Garcia, T.; Invers, O.; Ruiz, J. M.
(2008). Physiological responses of the
seagrass Posidonia oceanica as indicators of
fish farm impact. Marine Pollution Bulletin,
56(5), 869-879. https://doi.org/10.1016/j.
marpolbul.2008.02.001. PMid:18334257

Pinilla, G.; Gutiérrez, A.; Ulloa-Delgado, G. (2007).
Efectos ecoldgicos de la derivacion de aguas y
sedimentos hacia la bahia de Barbacoas. http://
www.bdigital.unal.edu.co/3490/1/Estudio_
Ecol%C3%B3gico_de_la_derivaci%C3%B3n_
de _aguas_y_sedimentos_del_Canal_
del_Dique_ hacia_la_bah%C3%ADa_de_
Barbacoas.pdf.

Pomeroy, R. S.; Baldwin, K.; Mc. Conney, P.
(2014). Marine spatial planning in Asia and the
Caribbean: application and implications for
fisheries and marine resource management.
Desenvolvimento e Meio Ambiente, 32, 151-
164. https://doi.org/ 10.5380/dma.
v32i0.35627.

Portman, M. E. (2016). Environmental Planning
for Oceans and Coasts: Methods, Tools and

Technologies. Springer International Publishing.
https://doi.org/10.1007/978-3-319-26971-9

Prado, I. D. (2018). Estudio de implantacion de
un parque eélico offshore flotante en la costa
de Cantabria. Tesis de grado. Universidad de
Cantabria. https://repositorio.unican.es/
xmlui/bitstream/handle/10902/13336/IPG.
pdf?sequence=18&isAllowed=y

Pratt, S. (2015). The economic impact of tourism in
SIDS. Annals of Tourism Research, 52, 148-160.
http://dx.doi.org/10.1016/j.annals.2015.03.005.

Caribbean Environment Program. (2019). La gestion
basada en los ecosistemas y la aplicacion de un
sistema de apoyo a las decisiones en el Gran
Caribe: lecciones aprendidas desde el concepto
hasta la accién. https://gefcrew.org/carrcu/
SPAWSTACY/Info-Docs/WG.42.INF.13.ES.pdf

Queensland Government. (2019). Anchorage area
design and management guideline: Maritime
safety Queensland. https://www.msq.qld.gov.
au/-/media/TMROnNline/msqinternet/MSQFiles/
Home/About-us/Right-to-information/Published-
information/anchorage- area-design- and-
management-guideline.pdf?la

Rabasso, M. K. (2016). Los impactos ambientales de
la acuicultura, causas y efectos. Instituto Canario
de Ciencias Marinas. https://accedacris.ulpgc.es/
bitstream/10553/6671/1/0231633_00028_0007.
pdf

Ramirez-Charry, E. (2019). Territorialidades en
la isla de San Andrés. Hegemonias y luchas por
el territorio. Tesis de grado. Universidad Nacional
de Colombia. https://
repositorio.unal.edu.co/bitstream/handle/
unal/76599/EdwinJairRamirezCharry.2019.
pdf?sequence=1&isAllowed=y

Research and Markets. (2020). Submarine
Communication Cables Market - By Cable Type,
By Service: Global Industry Perspective,
Comprehensive Analysis and Forecast, 2020-
2026. https://www.researchandmarkets.com/
reports/5143812/submarine-communication-
cables-market-by-cable.

Research and Markets. (2022). Submarine Cable
Systems Market by Application (Communication
Cable and Power Cable), Component (Dry Plant


http://www.bdigital.unal.edu.co/3490/1/Estudio_
http://dx.doi.org/10.1016/j.annals.2015.03.005
http://www.msq.qld.gov/
http://www.researchandmarkets.com/

Molina-Jiménez et al.: Marine and Coastal Management- Colombian

Products and Wet Plant Products) Offering,
Voltage, Type (Single Core and Multicore),
insulation, End User and Geography - Global
Forecast to 2026. https://www.
researchandmarkets.com/reports/4995509/
submarine-cable-systems-market-by-
application#rela3-5393215.

Resolution No. 40284 of 2022. (August 3). Por
medio de la cual se define el proceso competitivo
para el otorgamiento del permiso de Ocupacion
Temporal sobre dreas maritimas, con destino
al desarrollo de proyectos de generacion de
energia edlica costa afuera, se convoca la
primera ronda y se dictan otras disposiciones.
Ministerio de Minas y Energia y El Director
General Maritimo. https://www.minenergia.
gov.co/documents/8462/res-40284-2022.pdf

Rey, W.; Monroy, J.; Quintero-Ibafez, J.; Escobar-
Olaya, G. A.; Salles, P.; Ruiz-Salcines, P.;
Appendini, C. (2019). Evaluacion de areas
susceptibles a la inundacion por marea de
tormenta generada por huracanes en el
Archipiélago de San Andrés, Providencia y Santa
Catalina. Boletin Cientifico CIOH, 38(2),57-68.
https://doi.org/10.26640/22159045.2019.465.

Rey, W.; Ruiz-Salcines, P.; Salles, P.; Urbano-
Latorre, C.; Escobar-Olaya, G. A.; Osorio, A.;
Ramirez, J.; Cabarcas-Mier, A.; Jigena-Antelo,
B.; Appendini, C. M. (2021). Hurricane Flood
Hazard Assessment for the Archipelago of San
Andres, Providencia and Santa Catalina,
Colombia. Front. Mar. Sci. 8. https://doi.
org/10.3389/fmars.2021.766258.

Rojo, S. (2016). El arte de fondear: analisis de
movimientos, capacidad de agarre y
condiciones para garrear de un ancla
fondeada. Objetivos del “Plan de Fondeo” y
Estudio de Viabilidad del Método de Fondeo “U-
turn”. Practicos de Puerto. https://www.
practicosdepuerto.es/sites/default/files/
articulo_el-arte-de-fondear.pdf

Rubino, M. (2008). Offshore aquaculture in the
United States: economic considerations,
implications & opportunities. NOAA Technical
Memorandum NMFS F/SPO-103, 263.
https://spo.nmfs.noaa.gov/sites/default/
files/tm103.pdf

Sanchez. (2012). Manejo ambiental en Seaflower,
reserva de biosfera en el Archipiélago de San
Andrés Providencia y Santa Catalina. Banco de
la Republica. https://www.banrep.gov.
co/sites/default/files/publicaciones/archivos/
dtser_176.pdf.

Sarmiento-Guerrero, S.; Pérez-Walteros, N.
(2021). Impacto de la acuicultura en restaurantes
y en la gastronomia de San Andrés-Colombia.
Punto de vista, 12(19), 126-135. https://
dialnet.unirioja.es/descarga/articulo/9020158.
pdf https://doi.org/10.15765/pdv.v12i19.3282

Scenario Introduction. (2021). Introduction.
Meriskenaariot.  https://meriskenaariot.info/
merialuesuunnitelma/en/scenario-introduction.

National Learning Service. (2013). Aprendices
llevan energia edlica a San Andrés. SENA.
https://www.sena.edu.co/es-co/Noticias/
Paginas/noticia.aspx?IdNoticia=2684.

Sesma, E. E. (2020). Andlisis de la viabilidad de la
instalacion de un parque edlico offshore flotante
en Espafia. https://oa.upm.es/62993/1/TFG_
ELENA_ERVITI_SESMA.pdf

Stigebrandt, A. (2011). Carrying capacity: general
principles of model construction. Aquaculture
Research, 42, 4-50. https://doi.org/10.1111/
j.1365-2109.2010.02674.x

Sujadmi y Murtasidin, B. (2020). Major Challenges
in Developing Marine Spatial Planning in
Bangka Belitung Island Province. J. Phys.: Conf.
Ser, 1655. https://doi.org/10.1088/1742-
6596/1655/1/012139.

Taormina, B.; Bald, J.; Want, A.; Thouzeau, G.;
Lejart, M.; Desroy, N.; Carlier, A. (2018). A
review of potential impacts of submarine power
cables on the marine environment: Knowledge
gaps, recommendations and future directions.
Renewable and Sustainable Energy Reviews,
96,380-391. https://doi.org/10.1016/j.
rser.2018.07.026

TeleGeography. (2022). Submarine Cable Map.
https://www.submarinecablemap.com/.

The Nature Conservancy. (2012). St. Vincent and
The Grenadines. Marineplanning. https://
marineplanning.org/projects/caribbean/st-
vincent-the-grenadines/.

87


http://www/
http://www/
http://www.banrep.gov/
http://www.sena.edu.co/es-co/Noticias/
http://www.submarinecablemap.com/

CIOH Sci. Bull. 2024; 43(1): 57-88

District University “Francisco José de Caldas”.

(2020). Estado de la cobertura eléctrica y
las zonas no interconectadas en la region
central. https://regioncentralrape.gov.co/
wp-content/uploads/2020 /04 /ESTADO-
DE-LA-COBERTURA-ELECTRICA-Y-LAS-
ZONAS-NO- INTERCONECTADAS-EN-LA-
REGIO%CC%81N-CENTRAL-3-1.pdf

Uson, F. (2014). Desarrollo de un modelo de

costes para parques edlicos offshore. https://
doi.org/10.1029/2018WR023316

Vagiona, D. G.; Kamilakis, M. (2018). Sustainable

site selection for offshore wind farms in the
South Aegean-Greece. Sustainability, 10(3),
749. https://doi.org/10.3390/su10030749

Vaselli, S.; Bertocci, I.; Maggi, E.; Benedetti-

88

Cecchi, L. (2008). Effects of mean intensity
and temporal variance of sediment scouring
events on assemblages of rocky shores. Marine
Ecology Progress Series, 364:57-66. https://
doi.org/10.3354/meps07469

Wilhelmsson, D.; Malm, T.; Thompson, R.; Tchou,

J.; Sarantakos, G.; McCormick, N.; Luitjens, S.;
Gullstrom, M.; Paerson Edwards, J. K.; Amir, O.;
Dubi, A. (Eds.) (2010). Greening Blue Energy-
Identifying and managing the biodiversity risks
and opportunities of offshore renewable
energy. https://portals.iucn.org/library/sites/
library/files/documents/2010-014.pdf

Worzyk, T. (2009). Submarine Power Cables.

Power Systems. https:// doi.org/10.1007/978-
3-642-01270-9.

Xu, Y.; Li, Y.; Zheng, L.; Cui, L.; Li, S.; Li, W.; Cai,

Y. (2020). Site selection of wind farms using
GIS and multi-criteria decision-making method
in Wafangdian, China. Energy, 207, 118222.
https://doi.org/10.1016/j.energy.2020.118222



