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Abstract

The increasing demands for physical space towards diverse
maritime activities call for coherent planning and scientif-
ic knowledge to support the management of the marine
the environment. Using secondary multi-scale geographic
information gathered from national institutions, expert
judgment and a multi-criteria analysis integrated with
GIS tools, we aimed to identify potential synergies and
conflicts between human activities occurring in the juris-
diction of the master harbor of Buenaventura in the Valle
del Cauca department (CP01) in the Colombian Pacific
coast. We identified 105 overlaps in which 5.04% were
categorized with high CNI (Conflict Normalized Index),
while 13 interactions were evaluated with the highest con-
flict value, representing 14 sectors/groups. Additionally,
12.97% of the overlaps were categorized with a medium
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number of overlaps (4-6 overlays use), specifically distributed inside the Buenaventura Bay. Conservation uses (Protect-
ed Areas — SINAP in Colombia) was consistent within all 13 incompatibilities and conflicts distribution along the study
area was not homogenous. The methodological approach used in this study can be used to identify conflicts and syner-
gies in human uses and activities in the marine and coastal environment through the implementation of a methodology
adapted to the context of the area. It presents a technical contribution to future processes of Marine/Maritime Spatial
Planning and the Integrated Management of the Coastal Zone of Colombia.

Resumen

La creciente demanda de espacio fisico hacia diversas actividades maritimas exige una planificacién coherente y un cono-
cimiento cientifico para apoyar la gestién del medio marino. Utilizando informacién geografica multiescala recopilada
de todos los actores institucionales al nivel nacional, juicio de expertos y andlisis multicriterio integrado con herramien-
tas SIG, nuestro objetivo fue identificar posibles sinergias y conflictos entre las actividades humanas que ocurren en la
jurisdiccién de la Capitania de Puerto de Buenaventura (CP01) de la Direccién General Maritima — Dimar, en el depar-
tamento del Valle del Cauca y Chocé en la costa del Pacifica colombiana. Como resultado, se identificaron 105 cruces de
informacién, donde el 5,04% correspondié a un [indice de Conflicto Normalizado (ICN) alto, siendo 13 interacciones
las de mayor valor de conflicto , representado en 14 sectores/grupos. Asimismo, el 12,97% presenté un numero de con-
flicto medio (entre 4 y 6 superposiciones entre usos) al ingreso de la Bahfa de Buenaventura. El Sistema Colombiano de
Areas Protegidas (SINAP en Colombia) fue consistente dentro de las 13 incompatibilidades registradas y la distribucién
de los conflictos a lo largo del 4rea de estudio no fue homogéneo. El enfoque metodolégico empleado en este estudio
puede ser utilizado para la identificacién de conflictos y sinergias en usos y actividades humanas en el medio marino y
costero mediante la implementacién de una metodologia adaptada al contexto de la zona. Se presenta un aporte técnico
a futuros procesos de Planificacién Espacial Marina/Maritima y al Manejo Integrado de la Zona Costera de Colombia.
Palabras clave: Planificacién Espacial Marina, Colombia, Andlisis espacial, Multicriterio, planificacidn, herramientas

SIG.

1. Introduction

Marine and coastal resources provide an array of
goods and services, but consequently, experience a
continuously rising demand in response to a growing
global population and the increase of anthropogenic
activities (Mcgrath, 2004; Ehler & Douvere, 2009;
Tuda ez al., 2014). Likewise, the temporal and spatial
scale of these activities varies throughout different
economic sectors, each with specific characteristics,
generating incompatibilities between users and uses
(Burger & Leonard, 2010). Moreover, regulating
legislations are developed independently by each
pertinent authority in each sector without prior in-
ter-institutional coordination, resulting in a variety
of regulations in the marine and coastal zone lacking
prior integral planning (Mcgrath, 2004).
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Furthermore, human activities that use ocean re-
sources need meticulous and integrated spatial-tem-
poral planning to avoid sector-specific incompatibil-
ities between uses and to prevent decreasing marine
and coastal ecosystem capacities (Ehler & Douvere,
2009; Moore et al., 2017). As a response, countries
worldwide have introduced the use of Marine Spa-
tial Planning (MSP) intending to allocate specific
areas to each activity with an equitable distribution
to address emerging conflicts in marine and coastal
environments ensuring a socio-cultural, economic,
and ecological balance between interests (Ehler &
Douvere, 2009). To do so, identifying and describ-
ing the spatiotemporal distribution of all existing
human activities, regulations, and existing or poten-
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tial conflicts is essential to solve spatial multiple-use
problems by applying an MSP methodology adapted
to the characteristics of the study area (Gourmelon
et al., 2014; Prestrelo & Vianna, 2016). This, com-
bined with Geographic Information Systems (GIS)
tools and multi-criteria techniques (Multi-Criteria
Decision Analysis - MCDA) with expert judgment
have the potential to significantly improve informa-
tion and data management efforts, deeming these as
important instruments in marine management and
decision making (Rojas e# al, 2010; Stamoulis &
Delevaux, 2015; Gimpel ez al., 2018). Several coun-
tries have started to implement MSP as an approach
to potentially reduce conflicts and foster sustainable
use of marine resources. The MSP popularity has in-
creased in the Belgian part of the North Sea (Dou-
vere et al., 2007), Canada (Ban ez 4/, 2013), Aus-
tralia’s Great Barrier (Day, 2015), Scotland (Smith
& Jentoft, 2017) and the island of Crete in Greece
(Tsilimigkas & Rempis, 2018). The MSP will likely
keep expanding in the coming decade because has
gained momentum globally as new countries start
to discuss the development of ocean planning initia-
tives, marine spatial plans are currently under devel-
opment in about 70 countries, but only 25 countries
have marine spatial plans that are already implement-
ed or at least government-approved (Frazio-Santos ez
al., 2020).

Nevertheless, most of these examples are driven
and framed as part of European policy (Douvere ez
al., 2007) or a renewed commitment to achieving
marine planning (Ban ez 4/, 2013). In the same way,
most of the MSP projects have undergone prior col-
lation and structuring of ecological, physical, social,
and economic data to provide necessary inputs to the
MSP methodology itself. However, in the interest of

constructing medium to long term marine master
plans, developing countries may lack available spatial
information regarding marine and coastal uses and
activities. Additionally, if data is indeed available,
information may be sector biased and difficult to ac-
cess, making MSP processes slow and in many ways,
skewed towards countries with cooperating institu-
tions framed within national oceanic policies as part
of a governmental priority. The problem thickens
when study areas are complex and portray numerous
uses, activities, and a diversity of actors. In this case,
information is not only scarce and scattered, but ad-
ditionally, to genuinely plot the marine and coastal
scenario taking place, information needs to be mined
regardless of the limited data situation.

With this in mind, using secondary information
gathered from stakeholders and using expert judg-
ment through a multi-criteria analysis integrated
with GIS tools, we aimed at identify synergies and
potential conflicts between human activities occur-
ring in the jurisdiction of the master harbor of Bue-
naventura in the Valle del Cauca department (CP01)
located in the Colombian Pacific coast, from a ma-
rine authority perspective as a technical contribution
to MSP processes and Integrated Coastal Zona Man-
agement (ICZM) in the region (Fabbri ,1998).

This area houses a diverse variety of human activ-
ities in the marine and coastal environment that it
comprehends and constitutes one of the most im-
portant Pacific seaports encompassing various stra-
tegic ecosystems and megafauna migratory routes.
This, to our present knowledge, is one of the first
studies in data deficient regions combining an adapt-
ed MSP methodology (Ehler & Douvere, 2009) GIS
tools, and MCDA techniques in the Eastern Tropical
Pacific region.
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2. Materials and methods

Study area

The jurisdiction of the master harbor of CPO01 in the
Colombian Pacific coast is defined by the General
Maritime Directorate (figure 1) from now on “Di-
mar” (for its acronyms in Spanish Direccién General
Maritima), in resolution No. 0825 of 1994 (Dimar
1994) It includes coastal areas, internal waters (0-12
NM), territorial sea (12 NM), contiguous zone (12-
24 NM) and the Exclusive Economic Zone (EEZ)
(200 NM), comprehending a total of 162.396,18
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km?. This area is characterized as one of the most
biologically diverse areas in the world (Rojas ez 4/,
2019). Home to a variety of plants and animal species
that inhabit strategic ecosystems key to the marine
and coastal ecosystems in the region. Nevertheless,
although the area houses diverse cultural knowledge
representative of the Colombian Pacific, it is also an
area with an array of anthropogenic activities such as
fishing, tourism, transport, industries, only to name
a few, converging in time and space in CPOI.
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Figure 1. Study area with jurisdictional limits of the CP01 master harbor, Valle del Cauca and Choc6 department.
Figura 1. Zona de estudio con limites jurisdiccionales del puerto principal CP01, departamento

Valle del Cauca y de Chocé.
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Conflict identification

A wide variety of aspects and methodologies have
been described regarding territorial planning, nev-
ertheless, only a few can be applied to marine and
coastal areas, while others lack concrete indications
to approach MSP. This study uses an adapted pro-
posal and methodology for MSP using the Analytic
Hierarchy Process - AHP (Saaty, 1990), to identify
spatial conflicts and synergies of the uses and activi-
ties in the study area as a technical input to the Co-
lombian Pacific, addressing it up to the extent of the
digital information available concerning biophysi-
cal, maritime, and human activities data (figure 2).
Once Spatial information was obtained, data was 1)
standardized and shapefiles where sized to the study
area, 2) an adapted MCDA through an AHP was
performed, in order to calculate 3) conflict index and
the number of conflicts that overlap, and then, based
on the previous results, 4) generate each graphic out-
put as digital maps.

Conflict is defined by Wilmot & Hocker (2007)
as “an expressed struggle between at least two inter-
dependent parties who perceive incompatible goals,
scarce resources, and interference from others in
achieving their goals”. Spatial conflicts arise from
direct competition over limited space (two sectors
interested in the same location) or one sector neg-
atively impacting on the other (Gee ez al., 2018).
While, the term Synergy (from the Greek synergos,
ovvePyos meaning working together, from sun- ‘to-
gether’ + ergon ‘work’) refers to the combined action
in which the effect of the influence of two or more
agents when acting together is greater is greater than
the sum of the parts taken separately (Latash 2008).

Geographic information compilation

and treatment

Geographic information from human activities and
uses, as well, as environmental and biological infor-
mation from the study area was obtained through

Step 1
Step 2
Resolution -
No. 2324/84 Expert judgment
. o Categories Doubl _ Weigh
Uses/activities ouble-entry | | o othod — t
layers matrix values
Step 3
Information . .
Spatial Analysis - GIS
management
| S Conflict Attributes
ey index (CI) ] adjustment
(CNT) m !
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Results presentation
q CI Map CNI Map

Figure 2. Flowchart for conflicts and synergies identification (adapted from Tuda ez al., 2014)
Figura 2. Diagrama de flujo para la identificacién de conflictos y sinergias (adaptado de Tuda ez al., 2014).
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different national and regional organizations (table
1) involved in ecological, socioeconomic, and envi-
ronmental affairs. Part of the information obtained
was free and available through the official websites
and geoportals listed in table 1, spatial data infra-
structure while others were directly obtained through
collaboration and permits upon official requests.
The acquired information was stored in a geoda-
tabase (ESRI 2018) for its management and analy-
sis. Layers were grouped according to its use/activity,
based on Decree-law No. 2324 of 1984 (Presidencia
de la Republica de Colombia, 1984), which classifies
each activity based on the proceedings of the Dimar
as the maritime authority (table 2) in order to orga-
nize and analyze the data layers according to the sec-
tor classification. A total of 36 layers (shapefiles) were
obtained, which roughly display the current scenario
of the CPO1 area. It is important to mention that
some of the information that was obtained at differ-
ent scales, geometry, and temporality. To standardize
all information, a buffer was performed 200-me-
ters from each side of the geographic data in points
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and lines, except for submarine cables, in which a
500-meter buffer was used based on resolution No.
204 of 2012 (Dimar, 2012) and as part of the securi-
ty measures established in Colombian jurisdictional

waters.

Multi-Criteria Decision Analysis,

AHP Method

A double-entry matrix was designed confronting uses
by pairs (in rows and columns) to evaluate each ac-
tivity according to the prioritizing use in the area.
A quantitative ponderation was made between each
pair of uses/activities, guided by the AHP proposed
by Saaty (1990). The evaluation was made by a
non-homogenous group of experts selected to weight
the criteria (Elliott ez /., 2018). Based on their pro-
fessional experience conformed by 11 experts in bi-
ology, environmental science, marine hydrographs,
and engineers from the Pacific Oceanographic and
Hydrographic Research Center (CCCP - Centro de
Investigaciones Oceanogréficas e Hidrogrificas del
Pacifico) in Colombia. This matrix was graded with

Table 1. Sources of geographic data information at the national level
Tabla 1. Fuentes de informacién sobre datos geogréficos a nivel nacional.

Geoportals/ information systems

Institute

Website

Sistema de Informacién Ambiental de

Colombia - STAC

- Colombia

Environment and development ministry

http://www.siac.gov.co/

Infraestructura de Datos Espaciales
Maritima, Fluvial y Costera de Colombia

General Maritime Directorate

https://geohub-dimar.opendata.arcgis.

com/

Visor Geogréfico de Parques Nacionales
Naturales - PNN

System of National Natural Parks

https://mapas.parquesnacionales.gov.co/

Geoportal de la Agencia Nacional de
Hidrocarburos-ANH

National Hydrocarbon Agency (ANH)

https://www.anh.gov.co/Geoportal

Sistema de Informacién Geografica para
el Ordenamiento Territorial Nacion-

al-SIGOT

tute, IGAC

‘The Agustin Codazzi Geographic Insti-

hetps://sigot.igac.gov.co/

Sistema de Informacién Ambiental

Marina - SIAM

(INVEMAR)

Marine and Coastal Research Institute

https://siam.invemar.org.co/
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Table 2. Marine and coastal uses/activities identified in the study area.
Tabla 2. Usos/actividades marinas y costeras identificadas en el 4rea de estudio.

Groups

Uses and/or activities

Description

Navigation and communication

Port concessions

Maritime concessions

Anchorage area

Navigation canals

Ballast water discharge area

Buoys and lighthouse

Submarine cables

Docks

Cabotage routes (Regional and local)

White catch fishing routes

Deep shrimp fishing routes

Shallow shrimp fishing routes

Small pelagic fishing route

Tuna fishing routes

Maritime affairs, navigation, and routes.

Fishing resource

Small scale fishing grounds

Industrial fishing grounds

Small scale and industrial fishing spots.

Biological value

Marine fauna

Oceanic corals

Areas were biological resources have been identi-

fied.

Leisure and entertainment

Beach management and zoning

Beach zoning regarding tourist activities.

Oil and gas industry

National Hydrocarbon Agency (ANH)
lands

Areas destined for hydrocarbon activities.

Scientific research

Marine bottom floor exploration

Areas where technical seismic explorations are
being performed with heat flow and piston core.

Sandy seabed

Seabed identified as habitat for marine fauna.

Non coral hard seabed

Hard substrate identifed as habitat for marine
fauna

Political divisions

Beaches and low tide areas

Areas delimited by the Dimar in the Colombian
resolution No. 2324 of 1984 (Presidencia de la
Republica de Colombia 1984)

Special regulation

Afro Colombian communities

Presence of afro Colombian communities.

Conservation areas

SINAP (National System of Protected
Areas in Colombia)

Coastal, Marine and Regional Protected Areas
part of the Colombian National System-SINAP.

Ecological and biological significant

Marine Areas (EBSA)

Areas important to conservation because of their
ecological and biological characteristics.

Coastal ecosystems

Mangroves

Main ecosystems found in flooding areas.

Coastal swamp forest

Ecosystems in coastal flooding areas.

Other ecosystems

Shrub swamp

Natural coverage.

» 171 «




the use of expert judgment through a guided survey,
responding: to the most important use: A or B? The
weighting of each pair of uses was done with the fun-
damental scale developed by Saaty (1990) (table 3).

Once the matrix was graded by all experts, values
were normalized through multiple simple algebra
operations. Additionally, the sum of all rows was
calculated to determine the weight (W) of each use/
activity in the exercise. The sum of all weights must
equal 1.

Revista Costas, Vol. Esp. 2, 2021

Conflict analysis

Conflict Index (CI) and Conflict Normalized
Index (CNI)

Conflict Index (CI) was determined by the sum of
the values of the weights of each pair of uses con-
fronted in the matrix (Equation 1). Within the spa-
tial analysis, when layers were intersected, the values
considered were the ones assigned to each pair of uses
and operated through the attribute table assigned to
each layer (Equation 1).

Table 2. Marine and coastal uses/activities identified in the study area.
Tabla 2. Usos/actividades marinas y costeras identificadas en el drea de estudio.

Groups

Uses and/or activities

Description

Aquatic ecosystem Estuaries

Areas important for the conservation of strategic
ecosystems.

Natural terrestrial ecosystems Rain forests

Main terrestrial ecosystems.

Agroecosystems

Transformed terrestrial ecosys- | Fragmented forest

Ecosystems that have been partially or totally

tems Secondary vegetation

transformed.

Artificialized areas

Table 3. Saaty fundamental scale.
Tabla 3. Escala fundamental de Saaty.

Value Importance Preference

9 A is extremely more important than B A is extremely better than B

7 A is noticeably more important than B A is noticeably better than B

5 A is more important than B A is better than B

3 A is slightly more important than B A is slightly better than B

1 A is equally important as B Ais equal to B
1/3 B is lightly more important than A B is slightly better than A
1/5 B is more important than A B is better than A
1/7 B is noticeably more important than A B is noticeably better than A better than A
1/9 B is extremely more important than A B is extremely better than A
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Cl = WUl + Wuz 1

Where:

CI = Conflict Index.

W , = Weight of use,.

Wi, = Weight of use,.

Defined as the product between the difference of
each CT and the subtraction obtained from C7 with
the minimum value and the C/ with the maximum
value (Equation 2); this was performed with the
purpose of obtaining all values between 0 and 1 and
categorized based on the value of the CN/ identified
(table 4).

CNI = Cli— Clipin

Clmax—Clmin

Where:

CNI = Conflict Normalized Index.

CI = Conflict Index.

CI . = Minimum value of CI of a pair of uses.

CI_ = Maximum value of CI of a pair of uses.
Number of conflicts

The number of conflicts identified in an area was
calculated using the geoprocessing tool from ArcGIS
(ESRI, 2018), in which, a classification based on the
number of conflicts (table 5) was performed. Ad-
ditionally, based on each expert judgment, synergy
areas between uses and the environment were identi-
fied in the study area.

Table 4. Category classification for CNI.
Tabla 4. Clasificacion de la categoria del ICN.

Category CNI Value
Low 0-0.25

Medium 0.25-0.5
High 05-1

Table 5. Category classification based on the number of conflicts identified.
Tabla 5. Clasificacion de categorias sobre el nimero de conflictos identificados.

Category N° conflicts
Low 1-3

Medium 4-6
High >6
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3. Results

Marine and coastal uses identified

A total of 36 uses/activities grouped into 14 catego-
ries were identified in the study area of CPO1- Bue-
naventura master harbor and its jurisdiction. Some
of the geographical information obtained is limited
to a specific time frame and a spatial distribution,
therefore, this information may be subject to changes
in time. Nevertheless, for the scope of this research,
the current scenario presented implied as a result of
the proposed methodology and its impact.

Conflict Index (CI)
and Conflict Normalized Index (CNI)
A total of 105 overlaps were identified within the
geographical data analyzed, in which 88.22 and
6.72% were categorized with a Low and Medium
CNI respectively, indicating that 94.95% of all the
uses and activities in the study area are moderately
compatible (not categorized with a high CNI). Only
5.04% of the spatial data analyzed was evaluated
with a High CNI, corresponding specifically, to the
coastal area in the Mélaga bay area and northeastern
part of the same bay, additional to the coastal area
in Bajo Baudé in the Chocé department (figure 3).
Likewise, a high conflict index is displayed in the sur-
roundings of the Malpelo Island, part of the SINAP
(National System of Protected Areas in Colombia).
table 6 presents a summary of the 13 conflicts with
the highest value of CNI in the study area.

Within the conflicts identified with the highest

CNI, several sectors are represented, with the major-
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ity, 76% (10) being part of the communication and
navigation division assigned to the maritime author-
ity either directly or indirectly, and the conservation
areas (SINAP). Other sectors represented in the anal-
ysis are fishing resources, oil and gas industry, and
scientific research, all with only one use evaluated in
the highest CNI and representing 7.6% each show-
ing incompatibility again with the conservation areas
division. The analysis did not show incompatibilities
within the same group or sector, or incompatibilities
between two uses, with one being attached to a dif-
ferent sector other than conservation areas.

Number of conflicts

When identifying the number of activities that over-
lap in the study area, 87.03% overlap with a low
degree, pointing out the intersection with less than
three activities, while 12.97% present medium over-
lapping with other activities (at least 4 uses and ac-
tivities). This situation is mostly represented in the
center-north and southern areas of the EEZ, south-
west of the Buenaventura Bay and near the San Juan
River Delta (figure 4).

Additional results of this analysis showed 28 pos-
sible synergies on the overlapping uses (figure 5).
These uses/activities have some type of compatibility
by sharing common targets, like conservation and bi-
ological resources (biological value and conservation
areas) or socio-economic (Navigation and communi-
cation and Fishing resource), mainly.
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Figure 3. a) Spatial distribution of CNI in study area, b) zoom in to the Bajo Baud$ in the Chocé department
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Figura 3. a) Distribucién espacial del ICN en la zona de estudio, b) Detalle del 4rea del Bajo Baudé6
en el departamento de Chocé dentro del drea de estudio y ¢) Detalle del 4rea de las Bahias de Buenaventura
y Malaga en el departamento del Valle del Cauca en el 4rea de estudio.

4, Discussion

One of the most important results of this research is
the continuous participation of the SINAP (conser-
vation areas) as a common denominator in the high
conflict category analysis, this points out the pres-
sure that strategic ecosystems are subjected to due to
a diverse array of anthropogenic activities (Bruce and
Eliot 2007). The results of a similar conflict analysis
that was also conducted by means of an AHP ap-
proach in the Caribbean Region of Colombia iden-

tified the SINAP areas as the use (conservation use)
that most contributes to the conflict with respect to
the other 55 uses present in that area (Afanador ez
al., 2019).

These findings show opportunities for the en-
vironmental ministry to discuss agreements with
other sectors to achieve sustainable development by
establishing zoning that includes multiple-use areas
performing co-allocation of conservation and eco-
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Table 6. Conflicts identified with the highest CNI.
Tabla 6. Conflictos identificados con el CNI ma4s alto.

No Incompatibility Uses and/or activities CNI
1 National Hydrocarbon Agency (ANH) lands // SINAP 1
2 Marine bottom floor exploration // SINAP 0.984
3 Submarine cables // SINAP 0.933
4 Cabotage routes // SINAP 0.898
5 Industrial fishing grounds // SINAP 0.898
6 Buoys and lighthouses // SINAP 0.894
7 Navigation canals // SINAP 0.894
8 Tuna fishing routes // SINAP 0.89
9 Deep shrimp fishing routes // SINAP 0.886
10 Small pelagic fishing route // SINAP 0.875
11 Shallow shrimp fishing routes // SINAP 0.875
12 White fishing route // SINAP 0.875
13 Anchorage area //— SINAP 0.867

nomic activities. Therefore, this exercise also serves
as technical input to stakeholders and actors in the
environmental sector in the study area. For example,
results in this analysis pinpoint the incompatibilities
among the protected areas and other activities that
may be socio-economically important to a country’s
priorities.

Additionally, our findings suggest that industrial
fishing routes and fishing grounds do not avoid the
usage of protected areas, while at the same time, cab-
otage routes and the activities derived from touristic
boats and the transport of passengers, also exert ad-
ditional pressure over protected areas on a daily basis.
It is important to mention that within the study area,
specifically in the coastal area that has been declared
national natural park (or any conservation and ju-
risdictional figure), the environmental authority and
the implementation and regulation corresponds to
the environmental ministry or sector which has com-
plete autonomy and self-governance.

The maritime activities in charge of Dimar (as a
maritime authority) such as the anchoring areas,
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buoys, lighthouses, navigation channels and subma-
rine cables, presented a high IC; When these activ-
ities were assigned, a spatial planning approach was
not considered, so their location can generate con-
flicts with other uses. The identification of these con-
flicts is essential for the management of the area and
for the correct assignment of new uses.

Nevertheless, in other countries, this type of pro-
cess has been used as a method for the correct assig-
nation of specific locations needed for a particular
use, such as a study in the Bay of Biscay in Spain
and France, where Galparsoro ez a/. (2012) conduct-
ed an analysis under the MSP approach to provide
the identification of the most suitable location for
a Wave Energy Converter using GIS tools and the
use of technical, environmental, and socio-econom-
ical layers. Other examples include a spatial model
for marine park zoning in order to achieve conser-
vation objectives under variant levels of resource use
in Western Australias Shark Bay (Bruce and Eliot
2007), exemplifying the integration of marine spa-
tial planning to balance economic development and
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Figure 4. a) Spatial distribution of the number of overlapping uses/activities in the study area, b) zoom in to the
Bajo Baudé in the Chocé department inside the study area and c) zoom in to the Buenaventura
and Mélaga Bay in the Valle del Cauca department in the study area.
Figura 4. a) Distribucién espacial del niimero de usos/actividades superpuestas en el drea de estudio, b) Detalle
del 4rea del Bajo Baudé en el departamento de Chocé dentro del 4rea de estudio y ¢) Detalle del 4rea de las Bahias
de Buenaventura y Mélaga en el departamento del Valle del Cauca en el 4rea de estudio.

meeting conservational goals on the long term with-
out the generation of any potential conflict.

Both, submarine cables and seismic exploration
areas concerning marine bottom and available lands
for off-shore exploration use that overlay the ma-
rine protected areas jurisdiction of the Colombian
SINAPD, were identified with a high degree of con-
flict because of the pressure they exert over marine
ecosystems and the potentially harmful effects over
the resident fauna. For example, the possible ecolog-
ical effects of cable installation and operation which
includes influence of physical fields on macrofauna
and migrating fish, the chemical effects related to the

release of toxic chlorine from anodes and mechanical
damage to marine life on the bottom (Andrulewicz ez
al., 2003), long-term exposure to magnetic fields of
electrical currents induced by underwater sea cables
(Bochert & Zettler 2004) or even the physiological
malformations effects on benthic marine fauna due
to seismic exploration (Aguilar de Soto ez al., 2013;
Carroll ez al., 2017) in addition to other long-term
potentially harmful effects on the local biodiversity
that have not been considered.

Furthermore, possible synergies were identified
based on expert judgment, in which, activities that
can be socially and economically beneficial. These
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Figure 5. a) Spatial distribution of the Synergy of overlapping uses/activities in the study area, b) zoom in to the Bajo
Baud in the Chocé department inside the study area and ¢) zoom in to the Buenaventura and Mélaga Bay in the
Valle del Cauca department in the study area.

Figura 5. a) Distribucién espacial de la Sinergia de usos / actividades superpuestas en el drea de estudio,

b) Vista ampliada del Bajo Baudé en el departamento de Chocé dentro del 4rea de estudio y ¢) Visya ampliadade
las Bahia de Buenaventura y Mdlaga en el Departamento del Valle del Cauca en el drea de estudio.

analyzes must be carried out rigorously with the
use of participatory tools. In this sense, with a good
stakeholder’s engagement in the planning scenario
within the CPO1 jurisdiction, these synergies may
evolve into the establishment of co-allocation or
multiple-use zones for these activities because they
are compatible in time and space (Kyvelou & lera-
petritis, 2019).

The double-entry matrix constructed in this study
is an important input for synergies identification be-
tween uses and activities which were intrinsic on the
relationships shown by our results but could have
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been unknown by the experts, and potential areas
to develop projects for conservation and economic
activities that can be collocated without conflicts
among users (Gimpel ez a/., 2018). Additional to the
conflicts identified within the study area, this study
has evidenced the need to establish MSP process with
a cross-border emphasis due to the fact that human
activities are carried out up until the last mile of the
marine frontier and in some cases, conflicts may arise
between neighboring countries (transnational issues,
calling for transboundary MSP possess).
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This type of spatial planning has been conducted
before nevertheless, it possesses specific challenges
(Kannen 2012). but is of great technical value when
specific potential uses, and activities are included in
the binational agendas and are established as an in-
ternational cooperation priority. Although this exer-
cise was limited to the Colombian jurisdiction and
the results presented here are not directly a trend
scenario into the middle or long term, it does reflect
a possible scenario on specific areas of special atten-
tion. This first exercise was done in a multi-scale way
with data obtained from different sources and tem-
poralities, due to the limited geographical informa-
tion, and possess a caveat in the study scale in the ex-
ercise (Stamoulis & Delevaux, 2015) due to the fact
that the quality of the geographic data access allows
the management of the coastal and marine zones ef-
ficiently complemented with local knowledge as a
source of geographic data that can be included in the

5. Conclusions

The use of GIS tools and MCDA enables the priori-
tization and the identification of conflicts in a simple
but complete way, its application allows the spatial
evaluation of conflicts of different uses and activities
taken place in a study area and other possible incom-
patibilities that may arise with the environment, the
inclusion of theses possible scenarios enables to per-
form analyses over several time periods.

In this study, the main conflicts identified were
related to marine protected areas (included in the
SINAP), these zones are considered especially im-
portant for ecology and biodiversity conservation.
However, some strict conservation measures could
go against economic activities that can be developed
in a sustainable way. Agreements between actors that
carry out these activities could lead to the establish-
ment of co-allocation or multiple-use zones for some

process of the MSP (Prestrelo & Vianna, 2016).

Finally, the implementation of the MSP process in
the jurisdiction of the maritime authority, such us
our study area in this exercise, is an input that will
foster the zoning of anthropogenic activities and uses,
and therefore, establishing specific policies regarding
maritime affairs. Although this exercise was conduct-
ed in a data-limited area, it provides decision-mak-
ers with baseline information, and is a starting point
to marine and coastal planning of the Colombian
coastal zone, that needs to become a national prior-
ity. On the other side, these results would serve as a
baseline to bridge the gaps of available geographical
information in the study area, specially, the infor-
mation needed to identify spatial conflicts. More so,
when implementing the adapted methodology to a
data-limited region with Spatial Planning demands
between different national sectors.

activities that were initially considered incompatible.
Integrating the interests and needs of all stakeholders
and sectors involved is one of the MSP principles, for
planning and the management of marine and coastal
zones. Different worldwide processes have demon-
strated that MSP is an effective tool in the identifica-
tion of spatial conflicts derived from anthropogenic
activities.

The availability and quality of geographic data
from marine and coastal uses and activities are es-
pecially important for spatial analysis and decision
making. However, data gaps can be overcome using
spatial analysis tools and expert judgment consulta-
tion.

This study reflects the first technical effort in the
identification of conflicts and synergies of anthropo-
genic derived activities and uses in the jurisdiction of
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the CPO1 in the Pacific coast of Colombia. A pon-
deration model and a spatial analysis were used to
identify marine and coastal conflicts between uses of
different sectors as a reflection of the scenario taking
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