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1. Environmental perceptions: participatory
methodologies for the assessment of Social Vulnerability to
floods in two communities in Mexico

Gustavo Manuel Cruz-Bello', Miriam Alfie Cohen?

Abstract

This chapter introduces two participatory methodologies in order to
obtain environmental perceptions and assess the vulnerability and
adaptation strategies in two localities prone to floods due to cyclones and
heavy storms in Mexico. The first methodology corresponds to a
modification of the one proposed by the National Commission of Protected
Areas in Mexico and the Deutsche Gessellschaft fur Internationale
Zusammenarbeit (GIZ) that helps to collect community perceptions about
climate change. The second one is a participatory mapping approach that
helped to collaboratively map out affected households, measures taken by
the community to reduce disturbances and the proposed actions to be taken
in the future to reduce their vulnerability. The case studies correspond to
two communities, one located in the northwest of Mexico and the other
located to the southeast of the country. Experts of “Proteccion Civil”, the
agency in charge of disaster risk management, reviewed the results of both
participatory methodologies implemented through workshops. All the
results were given back to both communities. When combined, the products
of the participatory methodologies enabled the population to discuss,
propose activities and negotiate with the three levels of governmental
authorities in charge of risk management and vulnerability reduction to be
able to handle extreme hydro-meteorological events in a better fashion.

' Corresponding author. Department of Social Siences, Universidad Auténoma

Metropolitana Unidad Cuajimalpa. Avenida Vasco de Quiroga 4871, Col. Santa Fe,
Cuajimalpa de  Morelos, C.P. 05348, Mexico City, Mexico, e-mail:
geruz@correo.cua.uam.mx.

2 Department of Social Siences, Universidad Auténoma Metropolitana Unidad Cuajimalpa.
Avenida Vasco de Quiroga 4871, Col. Santa Fe, Cuajimalpa de Morelos, C.P. 05348,
Mexico City, Mexico, e-mail: miralfie @ gmail.com.

16


mailto:gcruz@correo.cua.uam.mx

Keywords: Environmental perception, climate change, semi-
participatory GIS, floods, vulnerability reduction.

1. Introduction

The study of the relationship between society and nature has been
approached from various disciplines and theoretical movements. This
reciprocal relationship implies the way in which human beings have
transformed nature, but also how the latter influences and determines
humanity's way of life. The analysis can include points of view from
disciplines like biology, ecology, physics, chemistry, and the social
sciences. As a result of the failure to achieve agreements on emission
reductions since the Copenhagen Climate Summit in 2009 (COP 15), social
sciences have focused on the study of the environment, as a new approach to
explain the influence of human actions on climate change, and understand
the social dimensions of human responses to climate variability (Heyd,
2010). It is about studying the relationships between human society and the
environment that surrounds it. Social sciences have tried to integrate an
approach to understand the perception that individuals have in relation to
their environment and the actions they take in consequence (Ramos et al.,
2011). As climate change has become a growing threat, efforts to
understand more precisely how the climate is changing, as well as the
impacts of these changes on natural and social systems have multiplied. The
search for mitigation and adaptation solutions of a technological, social,
economic and environmental nature has also increased. Therefore, from the
social sciences perspective, individual and institutional responses have
received special attention. The nodal point is to try to comprehend the
processes of interaction between the society and their environment (Oltra et
al., 2009).

In the context of the current trends in social sciences, it is essential and
relevant to talk about the communities’ perceptions about climate change,
because attitudes towards climate variability, mitigation and adaptation
might have a significant influence on the development and success of
political programs, as well as on individual actions related to the
preservation of the environment. Comprehend the public's engagement in
climate change policy have become a subject of interest in social sciences,
as well as within public authorities and private organizations (Oltra et al.,
2009). The main issue is understanding how the climate variability has
permeated and transformed community lives, their economic activities, their
social relationships and their interaction with the environment (Martinez-
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Alier, 2006). A new environmental culture, values and behaviors can be
addressed through a systematic study of the so-called social perceptions. As
Lefebvre (1991) pointed out, the relationship between human beings and
their environment is a reflection of their environmental perceptions.

In this chapter, we present two different, but complementary
participatory methodologies applied in two communities of Mexico for the
assessment of social vulnerability to climate change, understanding this as
the people’s potential for loss (Cutter, 2006). In this context, we tried to
understand how communities use their knowledge about the climate
variability and the implications in their territories and activities in the
adaptation and vulnerability reduction processes.

First, the perceptions-based methodology focuses on individual and
collective knowledge and is concerned about climate variability and climate
change. We tried to understand the ways in which each community values
its environment and the actions they have taken on the matter. Several
authors, including Berkes et al. (2000), Heyd (2011) and Vander Molen
(2011) state that perceptions attribute qualitative characteristics to
environmental assets through references stemming from specific cultural
and ideological systems, constructed and reconstructed by the social group;
this in turn, allows to generate evidence about conservation practices in their
territory.

The second one is a participatory mapping approach for knowledge co-
production where environmental perceptions, in a spatial context, are
obtained to engage the community in the decision-making process of risk
management and vulnerability reduction.

The assessment of vulnerability at the local level allows for greater
understanding of the impacts of climate change in specific contexts. At the
community level, there is recognition that the planning and implementation
of adaptation strategies are intimately linked with culture, social values, risk
perception and local characteristics. That recognition can improve decision-
making, socio-cultural contexts and community expectations. Local cultures
would deal differently with climate change and this may have an influence
in concrete practices (Soares and Garcia, 2014).

Therefore, local and traditional knowledge systems, practices and
perceptions are important sources of information to define improved
adaptation strategies (IPCC, 2007). We appreciate community involvement
towards self-management and adaptation as the key to reduce vulnerability
to climate change. According to Van Aalst et al. (2008), the bottom-up
approach has the advantage of using actual observation of current climate
impacts and the way communities respond. In this research, the concept of
“community-based adaptation” is core. It can be defined as "a guided
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process by communities based on their priorities, needs, knowledge and
ability to empower people to plan and cope with the impacts of climate
change " (SEMARNAT, 2012: 34).

1.1. Environmental perception

Perceptions are part of the process linked to environmental education
where consciousness plays an important role (Borroto et al., 2011).
Therefore, perceptions are conditions, attitudes and sensitivities that
influence the actions and regulations that human beings build on their
environment. Perceptions reflect the consciousness of human beings about
objects or phenomena of the environment that surrounds them, where
sensations play a privileged role.

When a group is elicited to express their perceptions on environmental
problems, it is essential to understand their environmental vision, their
responsibility toward the surroundings, their attitude and the decisions they
make when dealing with the various difficulties they face, as well as the
opportunities of changing the environmental-cultural education that they
may have. Perceptions are useful in exploring how people are exposed to
climate change impacts and in what ways these affect their wellbeing. In
this scenario, research on the various levels of knowledge and perceptions of
climate dynamics and climate change, has been increasing in the last ten
years around the world (specially in Latin America), as well as the
acknowledgement of the knowledge base, beliefs and practices of the local
communities. These factors contribute not only to fill the gaps in scientific
information, but also to prepare the way in the design of mitigation and
adaptation measures to the changing climate that are feasible from their
cultural point of view (Correa, 2011).

In addition to the aforementioned, perceptions are measurements or
estimates of the state the environment holds. It is an intersubjective
evaluation of these conditions that includes a personal assessment of the
quality of the environment, based on environmental factors to which human
systems attribute certain significant values including economic, social,
aesthetic and ethical aspects (Gallopin, 1986).

Perception are opinions, beliefs, values and norms to preserve lifestyles
with the possibility of establishing agreements and commitments (Dietz et
al., 2003). Recreating environmental perceptions allows incorporating those
ideas on the local planning, protected areas administration, risk
management, vulnerability reduction and social empowerment (Adger,
2003; Berkhout et al., 2004).
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A balanced relationship between society and nature allows for the
establishment of bonds of equity, justice and solidarity; as well as an
increase to the quality of life of communities that require natural resources
to ensure their material and cultural survival (Bertoni and Lépez, 2010).

The sociocultural dimension is part of the qualitative change in the
dynamic relationship between the society and nature (Guimaraes, 2001). It
needs to be included in local environmental planning and management,
since inhabitants know their territory and have adapted to the evolving
climate conditions to prevent risks and mitigate vulnerability. Collecting
local knowledge, (collective understanding rooted by generations on the
cultural and territorial heritage -Martinez-Alier, 2006) can give light on the
practices related to the cultural use of nature. In the words of Leff (2004),
the practice of a new environmental rationality requires integrating the
evaluation of ecological conditions of sustainability with the meanings of
nature constructed from local knowledge and culture.

Moreover, sociologists such as Luhmann (1995) established how
perceptions are able to build a space-time relationship based on linguistic
signs. Perception acts as a filter between social systems and the external
world. By means of perception, we can focus and understand time and
space. Consciousness of spatiality 1s an impression of proximity with the
world. "The perception is to put a foundation brick in the architecture upon
which the construction of reality is built" (Lewkow, 2014: 36).

Psychology has also tried to establish links between a high quality of life
and a healthy environment. Thus, Baldi and Garcia (2005) highlighted how
the World Health Organization establishes that the quality of life is the
result of the relationship of individuals and communities with the biotic and
abiotic elements of the environment. Moreover, PAHO (2013) has declared
that there is an intrinsic relationship between health and the environment
and that more than 30% of diseases can be attributed to the latter.

Therefore, environmental perception is a relationship of construction or
destruction with the environment, a novel, complex, surprising and,
sometimes, incongruous individual and collective process. For authors like
Cisneros (2010), the struggle is not against nature but rather for nature
where environmental education becomes a key element to improve
environmental behavior.

We can summarize that the environmental perceptions are understood as
the way in which individuals appreciate and value their environment, and
can drive important changes for its conservation and transformation. In
Mexico, environmental perceptions have been mainly studied in
communities in natural protected areas. These studies emphasize citizen
participation as the central component to increase the adaptive capacity to
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deal and recover from the impacts of severe climatic events. This capacity is
explained by socioeconomic conditions at the household level, but it might
be reduced by the lack of health facilities, communication, social networks
or deficiency in institutional programs (CONANP-GIZ, 2014). However, as
Fernandez (2008) refers Mexican environmental policy mainly reflects the
perceptions, visions and interests of decision-makers rather than those of the
local population.

Given this situation, our interest was to study the environmental
perceptions of two Mexican communities recurrently impacted by hydro-
meteorological phenomena (cyclones, heavy storm and floods). We also
wanted to study the degree of vulnerability of those societies related to
climate variability and the processes of local adaptation they have achieved.
We used two participatory methodologies where the population shared their
visions, values, judgments and suggestions, to face environmental and
climate change.

We were interested in distinguishing how environmental perceptions are
different ways of seeing "reality", how distinct communities deal with
diverse situations and in what way they use their local knowledge to face
climate change and how they put together their adaptation forms; and
develop spaces of dialogue with local authorities to generate public policies
aware of climate change. In addition, we were interested in knowing direct
experiences (information given by the participants), evaluations and
explanations from the communities that would allow us to find timely

answers against climate risks posed by hurricanes or floods (Heathcote,
1980; Whyte, 1985).

2. Case Studies

The case studies correspond to two communities susceptible to floods
caused by cyclones and storms. One located in the northwest of Mexico,
Chametla, which is a suburb of La Paz city (the capital of Baja California
Sur State). It is a costal settlement with an average altitude of 4 m,
developed between 1990 and 2000. Its population comprises 2,178
inhabitants living in 696 households (INEGI, 2013). According to the
Mexican National Centre on Disaster Prevention (Jiménez et al., 2012) this
community is under high flood risk due to the presence of streams. There
have been reports that at least every two years a hydro-meteorological
phenomenon affects the region (Martinez-Gutiérrez and Maye, 2004). The
other case study, Progreso, is located in the southeast of Mexico, in the state
of Yucatan. It is a coastal city with an average altitude of 2 m and it is an
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old settlement created in 1856. It has a population of 37,369 inhabitants
with 10,090 households (INEGI, 2013). It is under the constant occurrence
of cyclones, strong winds, storms and floods.

3. Methodology

To assess the social vulnerability to floods in Chametla and Progreso we
decided to implement participatory methodologies, to gather the
environmental perceptions of social actors that had been affected by floods
and in some cases had experienced disaster situations. The participatory
methodologies were conducted in two phases. The first one entailed
establishing contact with the community through the local authorities in
charge of the environment and risk management, as well as with academics
of local higher education institutions. In the first visit, we got in touch with
the community leaders, to know and analyze the locality and to talk about
the project objectives and scope. Once the authorities and the community
leaders agreed to support the project, we started the second phase and
established a date to carry on the participatory workshop concerning
environmental perception. A participatory workshop was done in each
community; it included the environmental perceptions and the participatory
mapping exercises. Results of these workshops were refined and delivered
to the community and local authorities in a second workshop.

To have an adequate participation, our workshop attendees were
volunteers. Since Chametla is a relatively small community, the invitation
was opened to all its members through the placement of announcements in
convenience stores and by direct invitation in some houses by a group of
students of a local university (Universidad Auténoma de Baja California
Sur) who helped with the project. Despite the ample invitation, we had the
participation of only nine people who worked in a single group in the
workshop (there were six women and three men; six were professional in
different fields, one student and two housewives; their ages ranged between
21 and 60 years old; one of them was the neighborhood leader). In the case
of Progreso, the research team and the personnel of the municipal risk
management agency delimited the areas with most flood problems. Then the
municipal personnel took the invitation to people who lived in different
parts of the delimited working area to participate in the workshops. In this
case, we had the participation of 15 people (eight women and seven men;
four construction workers, three students; one fisherman, three housewives
and four government employees; their ages ranged between 23 and 58 years
old). People were divided in two groups; those who lived in the east side
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and those who lived in the west, so two working groups were created of
seven and eight people. Chametla workshops were carried on in November
2017 and January 2018 while the Progreso workshops took place in
February and May 2018.

3.1. Community perceptions

The second visit consisted in putting into practice a four-hour workshop
and conducting semi-structured interviews with key players. We used a
reduced and modified version of the approach used by the National
Commission of Protected Natural Areas based on the Deutsche Gesellschaft
fiir Internationale Zusammenarbeit (GIZ), which was used to analyze social
vulnerability to climate impacts in protected natural areas of Mexico
(CONANP-GIZ, 2014).

The methodological approach applied in this research was based and
adapted from the vulnerability analysis used in the “Tool for the Analysis of
Social Vulnerability to Climate Impacts at a Local Scale in Natural
Protected Areas”, which is based on the theory of complex systems,
ecosystem-based adaptation and vulnerability analysis founded on response
margins (sensitivity analysis). This tool identifies five dimensions of
vulnerability (DiV) defined from the interrelationships between life
strategies of communities and terrestrial ecosystems in a context of climatic
change (life strategies, wellness, adaptive capacity of people and
households, adaptive community capacity and governance).

DiV 1: Life Strategies

*  Social and ecological characteristics of the community

» Life strategies for different social groups within the community
(gender, age, socioeconomic status, ethnicity)

*  Important climatic impacts for the community

*  Changes on life strategies due to climatic impacts or climatic change
trends

DiV 2: Wellness

*  Local criteria and welfare categories

*  Households that correspond to these categories

*  Vulnerable households or households with less capacity to adapt

DiV 3: Adaptive capability of people and households

*  Access to resources to adapt, according to the social groups of the
community

* Level of control of social groups over resources and livelihoods
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DiV 4: Adaptive community capability

* Norms, practices and institutions of the community having an
influence in vulnerability and collective adaptation capability

DiV 5: Governance

* Capabilities and responsibilities of the political actors and
organizations linked to processes of vulnerability and adaptive capacity

The information was systematized and synthesized by the members of
the research team, maintaining criteria on gender, age and spatial location of
the families. The analysis took into consideration local climate impacts,
risks and vulnerabilities based on the DiV approach. The research team
complemented the synthesis on the environmental community perception
and their adaptation needs. The analysis of social vulnerability and the
adaptation process was performed under the concepts of interdisciplinary
and complex systems.

We applied the methodological proposal of (Ulrichs et al., 2015) to
gather the adaptation measures from the perceptions, experiences and needs
of the inhabitants and their families, through the environmental perception
workshops. We were interested in the family and community knowledge
regarding ecosystems and biodiversity, and the adaptation measures they
use to reduce their vulnerability.

In this identification, the DiV provide information about the causes of
vulnerability and strategies for adaptation, considering: 1) the sensitivity of
community groups to climate impacts or food security, and 2) adaptive
capability or local barriers to adaptation (social, political or environmental),
as the basis to define an adaptation measure. Finally, adaptation measures
were discussed within the research team and the community to define those
that are appropriate, defining their advantages and consequences.

One of the key points of the analysis was to adapt this methodology to
our case studies that can be considered peri-urban areas (understood as
multifunctional transition zones around the cities with a mixture of land uses
and high and rapid transformations (Avila, 2001; Duran, 2005), and that
have had an emergency due to cyclones, heavy rains and floods. Thus, the
analysis of vulnerability to climate change of the communities was
performed considering these five dimensions of vulnerability: life strategies;
wellness; adaptive capability of people and households; community and
collective adaptive capability; governance. With the information obtained it
was possible to describe the social, cultural and environmental perception
about the climate change of the inhabitants; the way they conceive the risks
associated with this phenomenon, their vulnerability and the means to face
it, as well as their adaptation strategies and practices.
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The participatory perceptions workshops were conducted through four
phases:

Phase 1: Identification of risks and threats (meeting facilitation)

» Identification of risks and threats (cause and effect) due to frequent
climate effects on the community

» List of hazards and their impacts to understand their seasonality
(January to December)

Phase 2: Identification of areas and populations at risk

* Identification of areas with degraded forest lands, rivers, flood
zones, mudslides or landslides

*  Location of social groups that inhabit risk areas

Phase 3: Productive activities and risks

* Identification of impacts on productive activities in the community
(season, gender, place)

* Identification of the level of impact in a specific month, percentage
of change and persistence, limits of tolerance

Phase 4: Adaptation mechanisms

*  Enumeration of the mechanisms of adaptation to situations of risk
that affect families or the community, their relationship with productive
activity and limits of tolerance

*  Enumeration of the support mechanisms that families and the
community receive (institutions, programs, social and family networks).

3.2. Participatory mapping

In order to gather information to support vulnerability reduction and risk
management to face extreme hydro-meteorological events exacerbated by
climate changes and to involve the community in the decision-making
processes, we implemented a participatory mapping exercise in Chametla
and Progreso. This exercise complements the information collected in the
social perception workshops.

The participatory mapping exercises allowed collecting of firsthand-
community information about major impact zones, refuges and evacuation
routes in case of emergency. Additionally, we obtained a list of steps
already taken and those that need to be carried out, individually or
collectively by the community inhabitants to reduce their vulnerability
(Canevari-Luzardo et al., 2015; Arapostathis et al., 2018).

In the end, the information was given back to the community through a
workshop. This information would empower the population, providing
elements for discussion and negotiation with the authorities or non-
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governmental agencies that support risk management and vulnerability
reduction actions to face extreme hydro-meteorological events. Besides, the
map generation process represents a mechanism that allows society
engagement in the decision-making process since it is an easily understood
approach that facilitates the coordination with the authorities through the
communication of local knowledge (Hung and Chen, 2013).

This is of utmost importance since it is a way to close the gap between
society and risk management authorities. In addition, it facilitates
community appropriation of measures proposed by the authorities since they
are taking into account their perceptions. Additionally, this exercise allowed
the workshops participants to be conscious of their spatial knowledge about
their community, their exposure and vulnerability and the damage of hydro-
meteorological hazards.

After the perception workshops, the participatory mapping approach was
conducted through a pair of workshops in each community. In the first
workshop, local knowledge was gathered and in the second one, the results
were presented and validated. For the first one we used a satellite image,
printed in a poster size, from Google Earth (Google Earth©, Image© 2017
Digital Globe). In addition, we employed some tools including photographs
of emblematic sites from each study area to which we assigned an identifier
linked to a location. In addition, we prepared markers and labels of various
colors to identify different territory elements to be located by the workshops
participants. These elements were previously included in a list and
comprised refuges, evacuation routes, households of participants, hospitals,
meeting points as well as places where adaptation activities have been
carried out and those proposed to be done to reduce the vulnerability to
floods. We started the first workshops for both case studies with the
presentation of the projects’ objective and scope; the request for consent to
use the information in scientific products, and emphasizing the commitment
of the research team to conduct a second workshop to present the results.

The first mapping activity was to create a confidence map. In Chametla,
all participants showed deep knowledge about their community and its flood
problems. In Progreso, people in the two groups agreed that they knew very
well the East and West zones respectively, and almost all knew the whole
study area. Spatial knowledge of their localities was gathered in both
communities in the following exercise. Participants were asked to locate
emblematic sites (depicted in photographs) and their houses in the printed
satellite images. Discussion in this exercise among the participants was very
enriching to the spatial knowledge since they not only locate their houses
and the places in the photographs, but also other reference sites such as
schools, churches, streets, parks, etc.
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Once the confidence map was generated, we located elements related to
flood vulnerability reduction. First, they were asked to identify sites that
regularly get flooded even with minor rains, and then they located the zones
that only get flooded with extreme hydro-meteorological events. As a next
step, we asked the participants to list and spatially locate actions that they
perform in an individual or collaborative way, as well as those carried on by
the government to reduce the vulnerability and adapt to the floods. They
were also asked to list and locate in the territory those activities they
considered should be implemented to be less vulnerable to floods. Once
they identified the activities they usually do and those they propose to be
carried out, they were asked to locate the refuges, hospitals, meeting sites,
evacuation routes established by them or by the local authorities.

At the end of the mapping activity, each group appointed a person to
present their results; this presentation and the discussion that followed
allowed for refinement of the final map of the first workshop. This was
more significant in the case of Progreso, where the mapping work was made
in two groups (east and west), since people working in one side of the city
contributed to the other side and vice versa. This was possible since people
in one side said they also know the other side. As a closing to the
workshops, we asked the participants to describe for what purposes they
could use the map and with whom they would use it. A technician then
transferred the information collected in the printed satellite images during
the workshops to a digital format using the geographical information system
ArcGIS 10.1.

The resulting maps of the first workshops were presented to the
municipal risk management experts to get their comments about the
community perception; these comments were then presented back to the
community in the second workshops. In these same workshops, we
delivered the final map and the perception reports to the community.

4. Results

Combined, the two products of the participatory methodologies
(community perceptions report and the participatory map) gave elements to
the inhabitants for discussion purposes, proposal of activities and
negotiation with governmental authorities of the three levels in charge of
risk management and vulnerability reduction to face extreme hydro-
meteorological events.
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4.1. Community perceptions workshop

Participants’ perceptions of our workshops in Chametla and Progreso
exhibited the community’s knowledge on climate variability and climate
change. They mentioned an increase in temperatures and episodes of
prolonged rains and increase in the presence of cyclones. People attending
the workshops detailed the months of the year that are most affected by
climate change. People have adapted to these new situations by using local
knowhow, for example, raising the sidewalks or building walls to deviate
the water flow, and reported that these actions have contributed to reduce
catastrophes.

Climate change has affected their economic activities and adapting to
these circumstances was one of the most important concerns in both
communities. They reported changes on primary activities and
consequently, they have switched to informal commerce or to the services
sector to survive. Peri-urban areas are so relevant for the urban areas,
because they provide climate regulation and food supplies, contributing
substantially to their resilience.

Another perception reported had to do with the effects of climate change
on health. Vector diseases have been increasing and today the risk in both
communities is noteworthy. New diseases have developed because of
changes in the ecosystems. Massive fumigations by municipalities,
prevention campaigns and sanitation of streets and ponds are key actions to
avoid diseases such as Zika or dengue.

Both communities perceive that the most vulnerable people are those
living in poverty conditions, precarious housing and with jobs linked to
climatic conditions. As several authors have shown, economic and social
vulnerability plays a key role in a catastrophe. It is essential to mention that
a robust social organization allows facing risk with more possibilities to
prevent losses and to get better daily life conditions. In this sense, in both
communities, people exhibited family and neighborhood solidarity in the
face of disaster and adherence to traditional ways of making decisions.
Strengthening environmental governance can generate a robust, constant
and permanent organization that reduces social vulnerability to risk.

4.2. Participatory mapping
In Chametla the workshop participants identified those activities

developed by the community to cope with floods, among them enabling
areas for drainage and raking of streets to eliminate dragged material. This
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last activity is conducted by the community inhabitants as well as by the
municipal government. Among the activities proposed to reduce their
vulnerability to floods, the most widely mentioned was street paving to
allow for public transportation that could be used to escape flooded areas
that are prone to remain under water for weeks. Another proposed activity
was the installation of drainage pipes below the new road, which blocks the
flow of the runoff water to the sea (Fig. 1).
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- Flood areas under severe storms e Raking public transport

Figure 1 — Edited participatory map for Chametla.

In this community, the inhabitants told that the generated map could have
two main uses: first, as a tool to facilitate the cooperation to select and
conduct activities to reduce the vulnerability in front of floods; second, to
ask for help from the authorities to carry out the activities proposed in the
workshops as reported by Cruz-Bello et al. (2018).

In the case of Progreso, the activities were mainly related to the cleaning
of streets, the construction of drainage pipelines (mainly near the lagoon),
an artificial reef for the protection of the beach and the construction of drain
pits (the city lacks of a drainage system based on pipelines). Among the
proposed activities are the maintenance of the drainage pits, better cleaning
of the streets prone to flooding, the installation of cameras and the
construction of a fence to the side of the lagoon to prevent and discourage
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people from throwing garbage that causes the clogging of the water drainage
pits. Additionally, they suggested the installation of a wire fence to prevent
crocodiles from entering the city from the adjacent lagoon during flood
season and building sidewalks to avoid stagnant water (Fig. 2).
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Figure 2 — Edited participatory map for Progreso.

5. Final remarks

With the perception method, we created a framework in which the
community becomes aware of the climatic variability and the changes
produced by the global warming. It is important to highlight that for some
participants in our workshops it was the first approach to identifying and
defining climate change and its consequences. People were able to identify,
throughout the year, the seasonal changes in the weather, and the variations
in the climate. Furthermore, people were able to identify the main activities
conducted in the community and relate them to the climatic variability and
climate change. They were able to recognize which groups and activities
were the most vulnerable to floods, which behaviors and activities make
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them less vulnerable. In addition, they suggested actions to mitigate risk. As
with many other human activities, actions to reduce vulnerability take place
in a spatial context. Hence, it was pertinent to complement the communities’
perception approach with the participatory mapping method. Here people
mentioned who and where are the most vulnerable, those activities they
have done to reduce their vulnerability, and the special conditions where
they live. This activity made the participants aware about the spatial
knowledge of their community and about their vulnerability and the means
to reduce it.

In this exercise both methods were executed independently, but in a
future research we might combine them in an integrating exercise.

Finally, we can say that the use of these participatory methodologies for
the assessment of social vulnerability to floods facilitates the integration of
the communities into the decision-making process conducted by the
different government levels. Local authorities knew about the workshops,
they received the results and they started working with the community to
improve on their suggestions. In addition, the results will allow them to
have a communication and negotiation instrument that will empower them
to demand government actions to reduce their vulnerability. More
importantly, they have now elements for the analysis and discussion to
propose and implement individual or collective actions in a systematic way
in a spatial context.

Results of each workshop allowed finding the environmental perceptions
of each community to face different life strategies, their capability of
adaptation and possible solutions based on the opinion and participation of
the attendees. Environmental perception was one of the key components to
understand the dynamics of each studied community. The socio-cultural
characteristics, the economic elements, the environmental and physical
situations were perceived individually and allowed the community to
connect with their environment, visualize it, raise awareness and understand
the complex relationship between nature and society. Our results show that
community  environmental  perceptions  promote  changes and
transformations in the habitat and build a new relationship with the
environment that surrounds them. They used their local knowledge to adapt
to new situations and they started to work with local authorities thus
increasing policies to face climate change and strengthen resilience.
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