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Abstract: Reality often challenges the effectiveness of environmental policy and its instruments, as is
evident for Marine Ecological Territory Instruments in the Mexican Coastal Zone (MCZ), known as
Ecological Territory Management Programs (POET, from the Spanish acronym). The primary
function of POETs is to guide the allocation of coastal uses within the ecosystem boundaries of 265
municipalities, encompassing 24,945 km of coastline and 10,570 km? of the continental shelf. The
POETs operate through a public management system involving over 500 legal instruments and at
least 300 personnel, comprising both municipal and state officials. Its goal is to protect the rights of
more than 25 million inhabitants to enjoy a healthy environment and equitable access to resources.
However, this remains a challenging and often unresolved task partially explained by various
adverse and complex operational conditions that include the diverse population distributions among
coastal municipalities, which average 96528.8 + 203842.5; inaccuracies in coastline measurements, and
the absence of a unified system for monitoring, collecting, and disseminating coastal data.
Considering operability as an important POETs characteristic that enable them to activate other
functions, we identify 47 essential conditions for effectively operating marine POETs within the
Mexican Coastal Zone management public system.

Keywords: coastal management; marine spatial planning; mexican coastal zone; marine ecological
territory instruments; operability

1. Introduction

Coasts are settings whose particularly complex structures and dynamics often make it difficult
for environmental management instruments to function, reducing their effectiveness in
accomplishing environmental management objectives. For this reason, we analyze the influence of
three territorial dimensions of the Mexican Coastal Zone (MCZ) on the operation of spatial planning
instruments in its marine category.

Coastal management often challenges the achievement of an adequate design and application of
environmental policy and its instruments that, based on results, demonstrate their effectiveness as a
binding tool between the development of an environmental policy, the decision-making process, and
its implementation. Based on the Mexican legal framework, this implies demonstrating that its
environmental policy instruments guarantee the right to a healthy environment and promote
distributive justice, the latter understood as the delivery, through different titles, of the domain of the
national assets to individuals, for the common good, the good of all and the development of the
community.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202504.1003.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 April 2025 d0i:10.20944/preprints202504.1003.v1

2 of 23

Ecological Territory Management (ETM) in Mexico is as policy instrument that regulates and
guides land use and productive activities in the Mexican public environmental management model.
This framework is established in the General Law on Ecological Balance and Environmental
Protection (Ley General del Equilibrio Ecoldgico y Proteccion al Ambiente, or LGEEPA, for its
acronym in Spanish) [1], which is a key legal element of environmental regulations, second only to
the Mexican Constitution [2]. It is compatible with the conceptual framework of Marine Spatial
Planning promoted by UNESCO [3] and shares functional similarities with the General Planning
Guidelines of the state of California in the USA [4] and the Maritime Spatial Planning Plans of Spain
[5,6].

ETM's primary goal is to protect the environment, preserve ecosystems, and promote the
sustainable use of natural resources. Operators must accomplish this by orienting the spatial
distribution of productive activities based on ecological criteria derived from analyzing trends of
environmental degradation and available resources. As a result, ETM's functions as a tool for
territorial regulation and planning [1,7,8]. The implementation materializes through documents
known as Ecological Territory Management Programs (POET, from the Spanish acronym) that
outline ecological guidelines and criteria that should govern the placement of land use and
productive activities to prevent environmental conflicts and risk scenarios in a specific territory [7,9-
11]. While these programs were introduced nationwide in the 1990s, the environmental conditions in
different regions of Mexico that operate under a POET highlight that achieving effective
implementation continues to be a significant challenge, particularly in coastal areas [12-14].

A POET has four categories: general territory, regional, local, and marine. While none of these
categories are specific to coastal areas, all have the potential to influence such regions, specifically for
some regional and local programs that affect states or municipalities with coastlines [1,15,16]. Among
these, the marine category is the most closely associated with coastal areas, as it applies, although not
exclusively, to federal zones adjacent to marine regions, such as the Federal Maritime-Terrestrial
Zone and nearshore areas [16-18].

By 2017, Mexico had established two marine POETs: the Gulf of California, created in 2006 [19],
and the Gulf of Mexico and Caribbean Sea, established in 2012 [20]. In 2018, the North Pacific Marine
POET was enacted [21] Later that same year, Mexico issued the National Policy on Seas and Coasts
[22]. Six years after that last issuance, we observed that even in coastal areas governed by a marine
POET, significant trends of environmental degradation persist, such as the creation of risk scenarios
driven by unsustainable patterns of location of activities and land use, as well as the persistent push
for fragmented sectoral projects and developments that often contradict ecological planning policies
[22-28]. Also, there is an ongoing trend towards fragmented projects and developments that often
clash with ecological planning policies [8,29,30].

We propose that the evaluation of the effectiveness of a POET should consider how
Environmental Territorial Management functions as a regulatory and planning tool within a public
environmental management system that operates under varying often adverse conditions. By
focusing our analysis on the geographic characteristics of coastal zones that are regulated by a marine
POET — considering their biophysical, social, economic, political, and legal-administrative aspects—
we can examine, within a logical framework of necessary conditions, which of these specific
characteristics of coastal zones influence the effectiveness of marine POETs.

We live in an interconnected world where seas and coasts are natural resources whose materials,
energy, and information transcend political boundaries. As a result, decisions regarding the use of
marine waters and coastal areas impact not only one nation but can also lead to humanitarian issues
in some cases. Countries must collaborate to uphold environmental health and social well-being
beyond their borders while respecting their sovereignty [31]. Although this work primarily focuses
on a national case, its insights might be applicable beyond Mexico's borders.

2. Materials and Methods
2.1. Problem Definition
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Our research question is: How does the geographical context of a marine Ecological Territory
Management Program affect its operability? This question stems from the lead author's experience as
an environmental manager during the first ten years of professional practice. It became clear that,
despite the Mexican state implementing ecological territory management, in some cases there was no
evident improvement in the environmental health or well-being of the coastal population.

2.2. Adaptation to Research Conditions

Adapting to the operational conditions of the research project was crucial for providing a
realistic understanding of managing coastal spaces in a remote area. This work is part of a doctoral
research project in Geography that began in 2010, focusing on the practical application of ecological
land management tools.

The first two years of research took place in a metropolitan area. However, a significant event
drastically changed the first author's circumstances, shifting the project's development site to a small,
marginalized coastal village. These new conditions severely restricted access to information,
necessitating considerable efforts to gather data through colleagues and occasional visits to cities with
better internet access where we conducted the documentary research on the characteristics of the
Mexican coastal area using the Mozilla Fire Fox browser and the Duck Duck Go and Chromium
search engines.

These challenges reflect the operational realities faced by several coastal municipalities in
Mexico, creating an adaptive challenge that profoundly influenced the research's insights and
outcomes.

2.3. Delimitation of the Study Area as an Operational Context

Our analysis focuses on the Mexican Coastal Zone that is affected or regulated by marine POETs.
The MCZ is a legal designation defined in the National Policy of Mexican Coastal Seas [22]. This
designation distinguishes a specific area characterized by significant interactions between the sea,
land, and atmosphere. It comprises a continental section, a marine section, and an insular section.

2.4. Definition of the Operability Variable

We define operability as an analytical category of ecological land management instruments.
Various operational analysis approaches aim to determine effectiveness by comparing expected
results with actual outcomes [33,34]. Objects have characteristics that enable them to activate other
functions. In ecological land-use planning for coastal management, effectiveness depends on features
that support practical application. These programs help prevent and address environmental conflicts
by organizing human activities within a territory based on ecological principles.

2.5. Analysis of the Operability of Marine POETs

Using a reflexive approach based on experience and a logical framework of necessary but not
sufficient conditions, we offer a checklist to analyze the operability of a marine POET considering
that it depends on the biophysical, political-legal-administrative, and socioeconomic conditions of
the scenario conditions of the scenario in which it operates (Figure 1). The "necessary but not
sufficient" causality framework highlights that while condition "X" is essential for event "Y" to occur,
"X" alone does not guarantee that "Y" will occur [35].
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Problem definition.

. Analysis of the operational conditioning of the marine POET
Adaptation to Research Conditions Given by physical, political-legal-administrative  and
socioeconomic characteristics of Mexican Coastal Zone (MC2Z)

Delimitation of the study area as
an operational context

Figure 1. Methodology's flow diagram.

3. Results
3.1. Subsection Problem Definition

There is documented evidence that marine POETs do not have the expected impact on public
policies and private sector decision-making regarding the use of the MCZ since even in portions
subject to these instruments, new environmental conflicts and risk scenarios remain and are being
generated, caused by inadequate occupation patterns, which foster environmental conflicts and
environmental vulnerability of resident coastal populations, compromising their right to a healthy
environment and the achievement of distributive justice [23-25]. This situation highlights the
operational problems of marine POETs, which we analyze as dysfunctions influenced by the
geographical context given by the biophysical, political-legal-administrative, and socioeconomic
characteristics.

3.2. The Mexican Coastal Zone Context as Operative Condition

The MCZ is a formal region of the national territory established in 2018 in the National Policy of
Seas and Coast of Mexico. It is an intellectual interpretation of an assembly of physical-natural
elements and political-administrative divisions linked by the coastline. It describes a geographical
space where the marine environment, terrestrial environment, and atmosphere interact consisting of
the following components: a) a continental portion made up of 265 coastal municipalities—150 of
which have beach fronts, while 114 do not have direct access to the sea but still experience high to
medium coastal influence, such as coastal vegetation; b) a marine portion that extends from the
continental shelf, limited by the 200-meter isobath and; c) an insular portion comprising the national
islands. Its penetration into the sea varies, ranging from less than two kilometers in some areas of
Baja California Sur or Oaxaca to more than 270 kilometers off the Yucatan Peninsula (Figure 2).
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Figure 1. Study area: Mexican Coastal Zone.

According to the data available in the Digital Geographic Atlas of Mexico 2015 [26], 62.4% of
Mexico's marine territory was subject to a marine POET. This type of instrument governs seven
Mexican ecoregions: the Gulf of California (subject to the Gulf of California POET since 2006),
Northern Gulf of Mexico, Southern Gulf of Mexico and Caribbean Sea (subject to the Gulf of Mexico
and Caribbean Sea POET since 2012), and Southern Californian Pacific and Monterey Transitional
Pacific (subject to the Northern Pacific POET since 2018), covering an area of 1,969,677.28 km? (see
Table 1). However, only the Gulf of Mexico POET encompasses the terrestrial portion of the MCZ
completely, as it includes the coastal municipalities within its territorial scope. In contrast, the North
Pacific POET covers only a 20 km strip extending inland from the coastline, and the Gulf of California

POET does not include any terrestrial areas of the MCZ (Table 1).

Table 1. Mexican ecoregions subjected to a marine POET.

Marine Ecoregions

Y f
Area Percentag POET earo
Name decree
(km?) e (%)
Gulf of California 262,284 8.31 Gulf of California 2006
Gulf of México Gulf of Mexico and Caribbean Sea
75,298 2.39 ) ] 2012
North Gulf of Mexico and Caribbean Sea
Gulf of Méxi
. " t; X0 663,182 21.01  Gulf of Mexico and Caribbean Sea 2012
ou
Caribbean Sea 95,534 3.03 Gulf of Mexico and Caribbean Sea 2012
Central American
148,923 4,72 None None

Pacific
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Sud Californian .
. 808,154 25.61 North Pacific 2018
Pacific
Transitional )
) North Pacific
Pacific of 65,225 2.07 2018
Monterey
Mexican
.. 1,037,5
Transitional g7 32.87 None None
Pacific
1,969.,6
Total 62.4
77.28

Data Source: [26]
3.3. Operability as an Analytical Category

In simple terms, "operability" refers to the characteristics of objects or instruments that enable
them to activate other functions. Various operational analysis approaches exist in different fields;
some are retrospective methods that assess whether a system or process operates effectively by
comparing expected results with actual outcomes [33,34]. Some analyze a priori, anticipating the
possible results [35]. Both retrospective and prospective operability analysis approaches help to
evaluate and improve an instrument's performance.

Evaluating the effectiveness of an abstract legal instrument like a marine POET is complex
because its mechanisms are intangible, and the results are not easily identifiable at first glance. A
POET's outcomes may take years or even decades, making it challenging to compare real-world
results —such as territorial occupation, environmental health, and distributive justice—with the ideal
models outlined in the POET.

Moreover, assessing the effectiveness of a POET based on its outcomes might require waiting
for an environmental disaster or conflict to occur, which is unacceptable from a humanitarian
perspective. In such a way, a preoperative approach is convenient for increasing its effectiveness by
anticipating dysfunctional problems and ensuring the instruments have the necessary working
conditions to succeed, but it isn't always feasible.

3.4. Analysis of Operational Conditions of Marine POETs in the MCZ

3.4.1 Operational Essential Conditions

When a POET governs an area, the agencies responsible for approving, denying, or imposing
conditions on land or natural resource use must base their decisions on the ecological guidelines and
criteria established in the program. This process requires a technical evaluation that supports the
decisions made by public officials, where they should explain whether the proposed changes will
significantly alter the intended condition of the management unit according to the ecological criteria
of the POET, determining if the proposed use or activity violates these guidelines. However, the
issuance of this technical opinion depends not only on the existence of the POET but also on the
operational conditions under which public officials utilize this instrument.

Based on the information available on Mexican Federal Public Administration [37] the POET
operates through a public management system with over 500 legal elements and at least 300 operators
including municipal and state officials. Its goal to safeguard the rights of more than 21 million
inhabitants to enjoy a healthy environment and fair access to resources is an ongoing and often
pending task.

According to our experience of more than 20 years in coastal environmental management as
consultants, governmental technical official at municipal level, and as academics, we have identified
47 essential conditions for effectively operating marine POETs within the Mexican Coastal Zone
management public system (see Table 2).
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Our primary goal is to identify essential conditions for operators at all three levels of
government—municipal, state, and federal— to successfully manage the spatial distribution of
productive activities through the marine POET application. That management involves
implementing land use and aquatic resource regulations based on the guidelines established by the
POET framework and its ecological criteria. The result is the list in Tables 2.-4.

Table 2. Essential conditions identified as needed for governmental operators of municipal scope to effectively

operating marine POETSs within the Mexican Coastal Zone management public system.

Municipal Scope

CON-1 The territorial scope of application of the POET includes the municipalities of the MCZ.

CON-2 The administrative organizational structure of coastal municipalities includes agencies that

regulate productive activities in the coastal zone under municipal jurisdiction.

CON-3 The operators of the agencies responsible for municipal land use control are aware of the
technical, administrative, and legal capacities to apply ecological criteria of the POET and its

complementary instruments.

The operators of the agencies responsible for municipal land use control have the technical

competencies to interpret the ecological guidelines and criteria of the POET.

CON-5 The operators of the agencies responsible for municipal land use control have timely access to
information on the state of the coastal territory subject to pressure from land use change, which allows

them to apply environmental criteria.

CON-6 Stakeholders, users, owners, or interested parties of the MCZ space under municipal jurisdiction

are aware of the POET and its land use regulatory role.

CON-7 Stakeholders, users, owners, or interested parties of the MCZ under municipal jurisdiction have
a point of contact with the agencies responsible for land use control that guides them on applying the

POET's ecological guidelines and criteria

CON-8 The POET has clear and measurable ecological guidelines. They include goals or general

statements that reflect the desired environmental status of an environmental management unit.

CON-9 The operators of the agencies responsible for municipal land use control have the technical
capacity to construct guidelines based on other similar elements, such as environmental policies,
ecological criteria, or other components that express in some way the goals or objectives to be achieved

in the area subject to pressure from land use change.

CON-10 The actors, users, owners, or interested parties of the MCZ space under municipal jurisdiction

carry out changes in land use if and only if they have authorization.

CON-11 Stakeholders, users, owners, or interested parties in the MCZ under municipal jurisdiction that

do not carry out land use changes are sanctioned by the corresponding authorities.
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CON-12 The land use change control mechanisms of coastal municipalities have mechanisms to

compensate for unauthorized changes and the resulting environmental damage.

CON-13 There is basic reference information for the operators of the agencies responsible for land use
control in coastal municipalities to consult or generate environmental indicators of pressure, status, and

response.

CON-14 The operators of the agencies responsible for land use control in coastal municipalities are

aware of their territorial jurisdiction in terms of land use regulation.

CON-15 The operators of the agencies responsible for land use control in coastal municipalities are

limited to acting within their territorial scope of jurisdiction in land use regulation.

CON-16 When the operators of the agencies responsible for land use control in coastal municipalities
detect that a stakeholder does not know to which agency he/she should apply for a land use change, they

guide and direct him/her to the corresponding agency.

CON-17 The municipal governments, through their agencies, promote urban development based on
sustainability criteria through an administrative framework congruent between environmental policy
and urban development that induces the creation of territorial reserves and the location of productive

and commercial activities with a logic of sustainability.

CON-18 The operators of the agencies responsible for the control of municipal land use have both
administrative and technical faculties and competencies to carry out inspection and surveillance tasks

of land use in the MCZ.

CON-19 The knowledge and information about the characteristics, dynamics, and state of the
environment in the MCZ is available in such a way that the operators of the agencies responsible for

municipal land use control can consult it in an agile and expeditious manner.

CON-20 The operators of the agencies responsible for municipal land use control have sufficient
material, legal, administrative, and financial resources to carry out land use inspection and surveillance

tasks in the MCZ.

CON-21 The operators of the agencies responsible for municipal land use control have the working

conditions that allow them to perform their duties adequately, effectively, and efficiently.

CON-22 The POET has implementation instruments at the municipal level that coordinate its efforts

with the state and federal levels.

CON-23 The operators of the agencies responsible for land use control in coastal municipalities are
aware of the POET implementation instruments that coordinate the efforts of the three levels of

government.

CON-24 There are instruments for the effective promotion of social participation in the POET

implementation process at the municipal level.
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CON-25 There are effective and efficient instruments for the follow-up of POET implementation actions

that are operated by the agencies responsible for land use control at the municipal level.

Table 3. Essential conditions identified as needed for governmental operators of state scope to effectively

operating marine POETs within the Mexican Coastal Zone management public system. i

State Scope

CON-26 The operators of state agencies that promote land use changes in areas of the MCZ are

aware of the POET.

CON-27 State agency operators promote land use changes in MCZ areas if and only if they are

compatible with the POET management model.

CON-28 The operators of the state agencies responsible for managing sectorial activities have
technical, administrative, and legal capacities to apply the ecological criteria of the POET and its

complementary instruments.

CON-29 The operators of the state agencies promote the development of the sectorial activities

they manage if and only if they are compatible and contribute to the POET management model.

CON-30 The operators of the state agencies promote the development of sectorial activities if and
only if these, in turn, promote socioeconomic development based on sustainability criteria through

a congruent administrative framework between environmental policy and development.

CON-31 The operators of the state agencies responsible for managing sectorial activities have
administrative and technical powers and competencies to conduct inspections and surveillance of

land use in the MCZ

CON-32 When the operators of the agencies responsible for the management of sectorial activities
detect changes in land use that contravene the POET provisions, they notify the corresponding

authorities.

CON-33 The POET relies on instruments of execution at the state level to coordinate its efforts

with those of the municipal and federal levels.

CON-34 The operators of the state agencies that promote the development of sectorial activities
are aware of the POET execution instruments that coordinate the efforts of the three levels of

government.

CON-35 Effective and efficient instruments exist for adequately promoting social participation in

the POET execution process at the state level.

CON-36 There are effective and efficient instruments for the follow-up of POET implementation

actions that are operated by the agencies responsible for land use control at the state level.
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Table 4. Essential conditions identified as needed for governmental operators of federal scope to effectively

operating marine POETs within the Mexican Coastal Zone management public system.

Federal Scope

CON-37 The operators of the federal agencies with powers to authorize the use of
marine waters, their elements and natural resources, their adjacent federal zones and

the insular territory in areas of the MCZ are aware of the POET.

CON-38 The users of marine waters, their elements and natural resources, their
adjacent federal zones and the insular territory in areas of the MCZ promote and
authorize uses if and only if they are compatible with the management model of the

POET.

CON-39 The operators of the federal agencies responsible for the management of
sectorial activities that affect marine waters, their adjacent federal zones and the
insular territory in areas of the MCZ have technical, administrative and legal
capacities to apply the ecological criteria of the POET and its complementary

instruments.

CON-40 The operators of the federal agencies responsible for the management of
sectorial activities that affect marine waters, their adjacent federal zones and the
insular territory in areas of the MCZ have both administrative and technical faculties
and competencies to carry out inspection and surveillance tasks of land use in the

MCZ.

CON-41 Knowledge and information about the characteristics, dynamics and state of
the environment in marine waters, their adjacent federal zones and the insular territory
in areas of the MCZ is available in such a way that the operators of the federal agencies

responsible for their management can consult it in an agile and expeditious manner.

CON-42 The operators of the federal agencies responsible for the management of
sectorial activities that affect marine waters, their adjacent federal zones and the
insular territory in areas of the MCZ have sufficient material, legal, administrative and
financial resources to carry out inspection and surveillance tasks of land use in the

MCZ.

CON-43 The operators of the federal agencies responsible for the management of
sectorial activities that affect marine waters, their adjacent federal zones and the
insular territory in areas of the MCZ have the working conditions that allow them to

carry out their tasks in an adequate, effective and efficient manner.

CON-44 The POET has instruments of execution at federal level that coordinate its

efforts with the municipal and state levels.

CON-45 The operators of the federal agencies responsible for the management of

sectorial activities that affect marine waters, their adjacent federal zones and the
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insular territory in areas of the MCZ are aware of the POET implementation

instruments that coordinate the efforts of the three levels of government.

CON-46 There are effective and efficient instruments for the effective promotion of

social participation in the POET execution process at the federal level.

CON-47 There are effective and efficient instruments for the follow-up of POET
implementation actions that are operated by the agencies responsible for land use

control at the federal level.

Of the 47 necessary conditions identified, 25 fall under municipal jurisdiction, 11 are under state
jurisdiction, and 11 are under federal scope. Most changes in land use within the continental portion
of MCZ are regulated mainly at the municipal level. In contrast, the federal government is responsible
for overseeing the use of maritime waters, adjacent federal zones, and island territories. For its part,
the state government plays a more significant role in promoting economic activities, which means its
involvement in land use changes and natural resource management focuses on planning and
promoting economic and social development.

While our list is not exhaustive, it serves as a starting point for constructing an operative
organization-evaluation tool at each level of government and as a guide to elaborate
recommendations of MCZ management through the marine POET framework takin in to account
that the primary function of a marine POET in the MCZ is to guide the location of coastal uses within
ecosystem limits across more than 265 municipalities, 24,945 km? of coastline, and 10,570 km? of
continental shelf. A POET operates through a complex public management system with over 500
legal elements, including the Mexican Constitution, regulatory laws, regulations and rules, and at
least 300 operators [37,38], including municipal and state officials. Each essential condition identified
may or may not be present in a specific management scenario along the MCZ., therefore, operators
navigate in a variety of physical, social, economic, and administrative conditions that can lead to
differing levels of success or even failure as shown below.

3.4.2. Demographic Dimensions

According to the provisions of the Mexican Constitution, [2] municipalities are directly
responsible for essential services, which include (a) potable water, drainage, sewerage, and
wastewater treatment and disposal; (b) public lighting; (c) waste management, encompassing
cleaning, collection, transfer, treatment, and final disposal; (d) markets and central supply centers;
(e) cemeteries; (f) slaughterhouses; (g) streets, parks, gardens, and their maintenance; and (h) public
safety.

These responsibilities position municipal governments as the closest entities to both the territory
and the people they serve. However, despite their importance, municipalities may not always possess
the necessary capabilities to manage these duties effectively.

We found that MCZ municipalities are very heterogeneous in demographic terms, which is part
of the operational conditions to deal with at the municipal level. The land use demand in MCZ must
cover the abovementioned necessities for a population of 25,676,661 persons, representing 20% of the
country's population (this was calculated using data from the 2020 Population and Housing Census
[39]. The population distribution is heterogeneous among the coastal municipalities, with a mean of
96528.8+203842.5, and a range that oscillates from 938 inhabitants in San José Estancia Oaxaca to 1
922 523 in Tijuana, Baja California.

Table 5. Essential Mexican Coastal Zone Population based on 2020 Population and Housing Census [39].

Coastal states Municipality Coastal population
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State Coastal % 2020
1  Baja California 7 6 86 3769020
2 Baja California 5 5 100 798447
Sur
3 Sonora 72 14 19 2109304
4 Sinaloa 20 10 50 2661190
5 Nayarit 20 8 40 538565
6 Jalisco 125 5 4 936089
7  Colima 10 3 30 334962
8  Michoacan 113 3 3 237701
9  Guerrero 85 16 19 1358340
10  Oaxaca 570 41 7 836833
11 Chiapas 124 12 10 790905
12 Tamaulipas 43 7 16 1419067
13 Veracruz 212 56 26 3404748
14 Tabasco 17 13 76 2195916
15 Campeche 13 9 69 839212
16  Yucatan 106 51 48 1737093
17 Quintana Roo 11 7 64 1703424
Total 1553 266 17 25670816

3.4.2. Coastline Dimensions

According to the information consulted [40] only 59.4% of MCZ municipalities have direct beach
access, while the remaining 40.6%, which lack beachfront, are still classified as coastal due to their
proximity to the shoreline, which significantly influences their development. The 158 coastal
municipalities face significant land use pressures, especially in near-shore areas, from activities
dependent on the coastal environment, such as beach tourism, fishing, aquaculture and port facilities,
as reported in Mexico's National Policy on Seas and Coasts.

To effectively manage the pressure on beachfront areas, municipalities must collaborate with the
federal government, which oversees the federal zone adjacent to the beach, known as the Maritime
Terrestrial Federal Zone (Zona Federal Maritimo Terrestre in spanish) - a narrow 20-meter strip of
land owned by the nation that cannot be privately owned- [18]. That zone is under constant pressure
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from real estate investors, tourism, fisheries, aquaculture, and port development, and it became
ungoverned when municipalities and federal agencies fail to coordinate effectively. Although a
marine POET establishes specific management criteria, it can remain unimplemented due to the lack
of cooperation among the involved parties.

An important challenge in managing coastlines through implementing marine POETs is the
inaccuracy of coastline measurements, which are typically constructed at larger scales than 1:250,000;
however, effective local administration requires more precise descriptions to accurately identify the
specific coast characteristics. As shown in the accompanying figure, the coastline appears as a simple
contour when viewed at more minor scales (ranging from 1:250,000 to 1:1,000,000). By increasing the
scale to greater than 1:250,000, more detailed features, such as deltas and barrier islands, become
visible. At larger scales exceeding 1:10,000, finer details like the federal zone, beaches, and wetlands
can be observed.

BAJA CALIFORNIA SUR: 1978 y 2015 ® BAJA CALIFORNIA SUR: 1978 y 2015 ®

\ 4
N
1R

Linea de costa »—2‘

J

Figure 3. Coastline perception at various scales. Data: Own elaboration based on material available on the Atlas
of Nature and Society website [43]. “A” and “B”: when observed at small scales (close to 1:1 000 000 the coastline
is perceived as a contour. “C and D”: When increasing the scale to more than 1: 250 000 features such as the delta
and barrier islands observed in image “C” are perceived, when increasing to scales larger than 1: 10 000 beaches

and wetlands can be perceived.

The size of coastal areas significantly impacts the selection of geographic scales used for
planning, particularly when defining environmental management units (EMUs). EMUs are the minor
territorial units to which specific ecological guidelines and strategies are applied according to the
Regulations of the General Law of Ecological Balance and Protection to The Environment in Terms
of Ecological Planning. Small or insufficiently detailed scales can obscure important features for
setting environmental objectives and ecological criteria and delineating EMUs. Conversely, highly
detailed scales may lead to excessive spatial subdivision, making them impractical for management

purposes.
Table 6. Length of the Mexican coastline according to various estimates.
Source Estimation method Lenght

Central Intelli A de EEUU
( (;r;l)'a[ 4 1r]1 eHigence Agency de Non identified 9330 km
National Institute of Statistics and
Geography (in Spanish Instituto Topographical charts scale 1:250

. - . 11122 km
Nacional de Estadistica y Geografia 000

(INEGI)) [42]
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National Commision for Biodiversity
Knowledge and Use (in Spanish RapidEye satellite imagery,
Comisién Nacional para el processing level 3A, 5m spatial 15 069 km*

Conocimiento y Uso de la Biodiversidad  resolution, scale 1:25,000. *
de México (CONABIO) [43]
Ortiz-Pérez y De la Lanza-Espino (2006)
[44]
Note: * Corresponds to the limit of the spectral difference between land-sea, at a specific time between the years
2011-2014 with respect to the date of the satellite image. years 2011-2014 with respect to the date of the satellite

image.

Topographical charts scale 1:50 000 24 945 km

3.4.3 Nearshore Dimensions

At the federal level, significant responsibilities and practical challenges are related to sea
governance, particularly concerning underwater areas and the land-water interface. The federal
government promotes and establishes POETSs [1] and oversees the utilization of key marine economic
activities, including fisheries, aquaculture, navigation, oil and mineral extraction, and maritime
transportation [5].

The aquatic part of Mexico's national territory accounts for 61.59% of its total surface area. This
significant percentage presents practical challenges in characterizing and diagnosing a large portion
of the country, especially within MCZ. The lack of information, especially about the neritic and
oceanic pelagic zones and the submerged topography significantly affects planning efforts. These
difficulties stem from the physical inaccessibility of these areas and the considerable technological,
financial, and specialized knowledge resources needed for their study. That situation hampers the
characterization process required for the formulation of POETs, the delimitation of the UGAs and the
application of ecological criteria to guide the technical opinions issued by government officials.

Accessing information about coastal areas in Mexico is takes a long time (often months) because
there is no unified system or organization for monitoring, collecting, and disseminating coastal data.
This lack of coordination hinders the development and effectiveness of POETs. Furthermore, public
entities involved in environmental management—such as the National Institute of Statistics and
Geography, the Inter-Secretarial Commission for the Sustainable Management of Seas and Coasts,
the Ministry of the Navy, and the Ministry of Environment and Natural Resources—do not have a
coordinated public platform for collecting and sharing information specific to coastal regions.

A similar issue is present among research entities and organizations that monitor specific
variables, including the National Coast Guard, the National Tide Gauge Service, the National
Meteorological Service, the Mangrove Monitoring System, the National Water Commission, and the
National Seismological System and Tsunami Alert Center. Their work and information are often
widely dispersed and difficult to access, especially in remote coastal areas that lack the necessary
means and services, such as internet access. According to the stratification tool provided by the
National Institute of Statistics and Geography (INEGI), in coastal states, there are municipalities
where only 10.4% of households have internet access.

4. Discussion

Before the formal establishment of the MCZ, analyses and studies of the coastal zone focused
mainly on a terrestrial region defined by the boundaries of the 17 coastal states and variable portions
of the marine territory within the Mexican Exclusive Economic Zone [see 4, 8, 44, 47]. Therefore, there
is still limited literature on the operational role of MCZs in coastal zone management and their
interaction with other environmental policies or management instruments.

However, we came across remarkable research [40] which describes the municipalities that later
defined the terrestrial portion of the MCZ established. They highlight the importance of considering
the territorial classification of the MCZ in future studies, given the need for effective territorial
planning and management instruments at both the regional and municipal levels, to ensure that high
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population concentrations in certain municipalities of the Mexican coastal zone can improve the
quality of life of residents while preserving the environmental integrity of these areas.

The operating conditions of the POET are very complex due to the large number of legal
elements and operators. Its objective of safeguarding the rights of more than 21 million inhabitants
to enjoy a healthy environment and fair access to resources still seems to be a work in progress. Its
goal to safeguard the rights of more than 21 million inhabitants to enjoy a healthy environment and
fair access to resources is a pending task that depends on the operative contrition's of an always
changing and heterogenous socio-ecological system. Municipal administrations have a short three-
year term, after which they can renew 100% of their staff, including the technical personnel that
operate the agencies responsible for issuing licenses for land use or changes in land use.

Our analysis shows that a POET's effectiveness depends on its design features and the conditions
in which it operates. The design features include the instrument's powers and mechanisms, which
enable it to regulate land use and guide the location of productive activities initiated by the
population or impacting the community. Conversely, operational conditions refer to the scenarios
that can enhance or limit these capabilities, ultimately affecting how the POET functions.

POETs exist within a complex physical-natural dimension that is challenging to characterize.
The aquatic portion of the national territory makes up 61.59% of its surface area (Figure 1) [50]. This
complexity hampers effective diagnosis and management of coastal areas, as it is challenging to
manage what is not well understood and when there is not enough material, financial or knowledge
resources, to generate or to access reliable information about it.

Access to information challenges is more acute in aquatic regions and insular territories outside
the territorial sea, like Guadalupe Island and the Revillagigedo Islands, as well as barrier islands,
such as Laguna Madre in the Gulf of Mexico. Data on wetland status is often lacking, as well in the
neritic and oceanic pelagic zones. This scarcity results from physical inaccessibility and the
substantial resources and expertise required for practical study [16,50] have highlighted these
challenges and the difficulties posed by the vastness of coastal areas but none of them are specific
about the practical conditions needed. Public entities involved in environmental management, such
as the National Institute of Statistics and Geography, the Inter-Secretarial Commission for the
Sustainable Management of Seas and Coasts, the Ministry of the Navy, and the Ministry of
Environment and Natural Resources, do not have a collective and public platform for gathering and
sharing specific information on coastal areas. Similarly, organizations focused on coastal research
and monitoring—like the National Coast Guard, the National Tide Gauge Service, the National
Meteorological Service, the Mangrove Monitoring System, the National Water Commission, and the
National Seismological System and Tsunami Warning Center—have their work and data scattered,
making them often difficult to access.

Accessing this information is particularly challenging for coastal communities, many of which
lack reliable communication infrastructure, such as internet service because much of the data is only
available in digital documents and databases. Moreover, several essential health parameters of
coastal ecosystems that are necessary for estimating carrying capacities and establishing ecological
criteria within the POET have been overlooked, including shoreline dynamics, surface temperature,
acidification and dissolved oxygen levels in marine waters, and atmospheric emissions from urban
and industrial coastal areas which is not a new situation [19-21,50].

The extent of coastal areas influences the choice of geographic scales for management purposes,
particularly in defining environmental management units (UGA). UGAs represent the minor
territorial units assigned specific ecological guidelines and strategies [see 52-19-21]. Using small or
less detailed scales can obscure important features needed to establish environmental objectives and
ecological criteria and delineate the UGA. Contrarily, highly detailed scales can lead to excessive
spatial subdivisions, making them impractical for effective management.

The POETs operate under complex and dispersed legal-administrative conditions that hinder
their activation mechanisms and, consequently, their functions. A clear signal of intent to use the
space and a detection mechanism are required to activate these instruments. The detectors can be any
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of the more than 300 elements of the public environmental management system mentioned earlier.
However, to activate the POET, these detectors must communicate the signal to the rest of the
management system, which in turn must activate the organs or elements equipped with the technical
capacity, will, and resources to enforce the provisions of the POET.

Controlling individual actions concerning the use and exploitation of coastal space involves
influencing and guiding the decisions of a wide array of actors who hold power over land and water
portions, whether privately owned or subject to varying concession schemes. The areas in question
can range from a few square meters to hundreds of hectares, encompassing features such as ramps,
docks, nearby housing developments, aquaculture parks, or ports.

From experience, early signs of land change manifest in various forms and scales. These
changes may emerge as development plans for projects proposed by different levels of government
or as private initiatives. Often, they present minor alterations just noticed by local inhabitants,
frequent users of coastal areas, or proactive authorities who are vigilant about changes. This
phenomenon can be described as the "tyranny of small decisions," a concept articulated by
Schumpeter [53].

These "small changes" may include actions such as land clearing, road construction, dock
building, removal of mangrove vegetation, creation of outlets, construction of protective walls,
setting up buildings, sewage discharges, installation of fishing or cultivation equipment, or boat
transit, among others. Unfortunately, environmental management systems rarely detect these
changes early since they are not formalized through the official mechanisms established by the
POETs. Engaging these tools involves procedures that often involve agencies distant from coastal
communities and characterized by bureaucratic processes responsible for issuing construction
permits, land use change authorizations, fishing and aquaculture concessions, permissions for using
genetic resources or stone materials, and especially environmental licenses, to name a few.

Environmental management systems rarely detect coastal changes early because they are not
formalized through the activation mechanisms of the POETs. This lack of formalization is due to the
lengthy procedures involving agencies far from coastal communities. These agencies are responsible
for granting construction licenses, authorizations for changes in land use, fishing-aquaculture
concessions, permissions for using genetic resources and stone materials, and, notably,
environmental licenses.

The formal activation of POETSs tends to occur more frequently for large-scale projects, such as
ports, oil platforms, and aquaculture parks, because these investments require the legal certainty that
an environmental license provides.

Activation does not guarantee effectiveness, as illustrated by the case of Puerto Costa Azul in
Baja California. A report from the Environment and Natural Resources Commission of the LXI
Legislature of the Chamber of Deputies highlights deviations from the ecological management
guidelines established for the State of health in the UGA North Marine area of North Baja California
(NBC 01). This report reveals issues with the functionality of the marine POET in the North Pacific
region [54].

The same case illustrates another way POETs can activate through monitoring mechanisms.
This process requires operators of the environmental management system to detect and report any
signs of changes in the use of coastal space in a formal and timely manner. To accomplish this, it is
essential to have technical expertise and a commitment to ensuring personal safety, as complacency
and corruption cannot pose significant obstacles. SEMARNAT is responsible for providing training,
which entails allocating financial and material resources to educate at least 265 public officials
representing the municipalities within the MCZ.

The legal-administrative dimension has allowed us to identify inconsistencies between the
characterization and diagnosis of the POETs in relation to the primary objectives of safeguarding the
right to a healthy environment and achieving distributive justice. The characterization phase should
outline the condition (health) of the environment's natural, social, and economic components [17].
However, it has primarily been formulated in commercial terms, focusing on the supply aspects that
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describe the structure and suitability of coastal areas for various economic sectors, rather than
assessing their health or measuring the capacity and resilience of these environments.

The current diagnoses lack indicators for critical variables that affect environmental and public
health. For example, essential factors, including contamination levels, resource availability,
sufficiency, and water quality, as well as an inventory of natural resources are considered human
wellbeing indicators in a coastal environment [55]. These indicators are crucial for determining
whether the UGAs can be classified as a healthy environment and if its resources are distributed
equitably.

To assess the coastal area, it is necessary to analyze status indicators such as the availability,
quality, and accessibility of water, air, and common goods, including living spaces and the overall
coastal environment (see Li, 2021). In Mexico, several proposals incorporate this approach, including
those from the National Laboratory of Coastal Resilience that develops report cards focused on
coastal management, which are generated from coastal observatories and follow a diagnostic
framework to evaluate coastal environmental health based on the methodology focused on the
coastal heath [56,57]. This framework is a reference for diagnosing coastal areas and creating
effective management models because the objective of constitutional management is not to establish
a baseline for the commercial exploitation of territory but to ensure the fundamental right to enjoy a
healthy environment.

A mercantile vision prevails in the established marine POETs, as noted by other authors [16].
These POETs were constructed based on a general methodology for formulating ecological
ordinances developed by SEMARNAT. This methodology includes characterizing the study area and
identifying and describing environmental attributes according to sectoral interests, which is an
inventory nor a diagnosis.

In practical terms, these efforts aim to manage the coastal space using tools designed to address
social rights; however, their construction often prioritizes mercantile and sectoral objectives.

The social dimension shows the size of a coastal population of at least 25 670 816 inhabitants of
the municipalities, who's right to a healthy environment must be safeguarded. However, this
dispersed coastal population is larger than that of the Valley of Mexico, which by 2020 had 21,804,515
inhabitants. According to the primary objectives of environmental management, the needs of the
coastal population must be satisfied in the first instance through the resources available in the coastal
space, starting with the provision of a safe habitat, water security, food security, and sovereignty, and
the safeguarding of genetic resources; without this meaning that the coverage of needs for material,
energy, information and space for private economic activities must be left aside.

Management models should include the availability of water by environmental management
unit and its quality, as well as indicate the criteria for urbanization in aquifer recharge and storage
zones, such as wetlands. On the coastline, the ordinances must take into account, for each
management unit, traditional uses, establish criteria for the location of access routes to the sea and
coastal bodies of water for fishing, aquaculture, and tourist-recreational users, and transients, as well
as criteria for the construction of protection works to avoid changes in coastal transport that cause
erosion or siltation problems. These criteria may include portfolios of technological options; it is not
enough to simply state that risky construction should be avoided, but rather that viable, functional,
and desirable technologies, such as living protection works, flexible port designs, etc., should be used.

Land use regulations should include criteria for equitably distributing continental territory and
pelagic zones among uses such as transportation, fishing, aquaculture, tourism, mining, water
discharge, water intake, and biodiversity itself. This is a major challenge due to the technical difficulty
of access and surveillance. The users of these spaces are often not fully identified, as is the case with
fishing users known as free fishers. In cases such as oyster fishing, nearly 70% of fishers lack permits
(PHD student Isidro O. Montelongo Alfaro, personal communication 13 de Mayo de 2023).

The characterization process should reflect the elements that may be affected by land use
policies. It has been observed that the provisions of a land use planning program or other human
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actions can affect the genetic resources on which fisheries depend or alter the coastal transport on
which the formation and maintenance of beaches depend.

Regardless of the coastal zone area to be managed, the maximum limit for its intervention is the
territory belonging to the State and its constituent parts according to its Constitution. We support the
view of other authors who maintain that territory comprises the human being or the population, the
physical space, the legal component or regulatory framework, and the administrative apparatus of
government [58]. Characterizing, monitoring, and caring populations in Mexico's coastal areas
requires significant material, financial, and personnel investments. This optimization requires
allocating resources to the most vulnerable, pressured, and marginalized areas.

The use of policies, guidelines, and strategies assigned to the UGAs should aim to maintain or
recover their capacity to produce well-being, environmental services and products, and the integrity
and supporting capacities of the organized space.

5. Conclusions

The effectiveness of marine POETs in the Marine Coastal Zone (MCZ) relies on its functional
characteristics and operational conditions, particularly at the municipal and federal government
levels.

Managing Mexico's coastal regions presents challenges due to administrators limited
understanding of physical and natural factors, the complex environmental management systems, and
the large, dispersed population that demands access to coastal resources.

POETs should be designed based on the diversity and health of coastal environments and their
carrying capacity. They must function as preventive tools for coastal health rather than just allocating
resources for economic sectors. Their main goal is to guide land use along more than 265
municipalities across 24,945 square kilometers of coastline, 3,149,920 square kilometers of Exclusive
Economic Zone, and 10,570 square kilometers of continental shelf. This involves a public
management system with over 500 legal components and nearly 300 operators, ensuring that over 25
million residents have access to a healthy environment and resources.

The greatest operational needs exist at the municipal government level, with the most critical
being access to knowledge about coastal areas. Timely access to information regarding coastal zones
that are facing pressure for change is essential. Additionally, municipal governments need cognitive
abilities and technical skills to provide well-supported technical opinions. This highlights the
necessity for developing technical personnel who can maintain a long-term presence within
municipal administrative structures, extending beyond the typical three-year term of municipal
administrations.

The use of policies, guidelines, and strategies assigned to the UGAs should aim to maintain or
recover their capacity to produce well-being, environmental services and products, and the integrity
and supporting capacities of the organized space.
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MCZ Mexican Coastal Zone
ETM Ecological Territory Management
LGEEPA General Law on Ecological Balance and Environmental Protection (acronym in Spanish)
POET  Ecological Territory Management Programs (POET, from the Spanish acronym)
MCZ Mexican Coastal Zone
UNESCO United Nations Educational, Scientific and Cultural Organization
UGA Environmental Management Units (acronym in Spanish)
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