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EXECUTIVE SUMMARY

Rapid urbanization in Latin America and the Caribbean (LAC) presents complex
environmental management challenges for municipalities. In response to urban flooding, many
cities have begun implementing Sustainable Urban Drainage Systems (SuDS) to mitigate flood
risk while replicating the hydrological processes of pre-developed environments. In Mérida,
Yucatan, México, frequent encharcamientos (pooling floodwaters) result from a karst topography
that hinders the construction of centralized drainage infrastructure. As a pilot project, Mérida’s
Municipal Planning Institute installed three rain gardens in the high flood risk neighborhood of
Juan Pablo II. However, due to staffing and funding constraints, a lack of municipal priority, and
the COVID-19 pandemic, residents were not informed about the installation of this SuDS
infrastructure.

Community engagement is critical to the success of SuDS infrastructure and enhances the
adaptive capacity of residents facing intensifying environmental hazards. This context shaped my
research question: What factors influence residents’ support for and willingness to co-steward
municipal green infrastructure projects? To inform future SuDS development in Mérida, I
investigated: 1) community values, 2) expectations of government and neighbors, 3) flood
experiences, and 4) perceptions of rain gardens among female residents of Juan Pablo II.
Through a partnership with the Municipal Institute for Women (Western headquarters), I
conducted semi-structured interviews, participatory mapping, and visual preference surveys with
30 women who live or work in the neighborhood.

The findings reveal that participants value environmental stewardship, desire
environmental education from the municipality, and are interested in co-stewarding rain gardens
with the Municipal Planning Institute. When asked about the importance of plant aesthetics,
assuming rain gardens are effective at mitigating flooding, residents expressed a strong
preference for aesthetically pleasing green spaces. Consequently, plant aesthetics emerged as a
significant motivator for participation in maintenance activities. Residents generally favored
plants that deter theft (e.g., thorny species like Bougainvillea), provide shade, and require
minimal maintenance. There was also interest in comestible plants (e.g., Aloe vera), highlighting
a need for municipal education on rain garden etiquette and function. Factors affecting
participation in co-stewardship included preferred times (early morning or late afternoon to avoid

sun exposure) and days (consideration of work schedules, preferably weekends). Participants



emphasized that successful partnerships require the Municipal Planning Institute to supply tools,
maintenance training, and coordination for stewardship events.

As primary caregivers and household managers, women in Juan Pablo II offer valuable
perspectives on how SuDS co-stewardship can strengthen social capital and enhance community
adaptive capacity to climate extremes. This approach promotes climate justice by fostering
connections between residents and the municipality, enabling greater participation in
environmental decision-making. These findings not only reinforce existing literature on the
importance of community engagement in SuDS development, implementation, and management,
but also honor local flooding experiences and give voice to expertise. Ultimately, this research
provides a framework for community-informed environmental management and policy,
demonstrating that integrating local knowledge and preferences into SuDS planning can improve
project outcomes, foster a sense of ownership of SuDS infrastructure, and strengthen adaptive

capacity to urban flooding in rapidly urbanizing LAC and Global South contexts.
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Abstract

In response to the rapid urbanization of Latin American cities, municipalities have begun
to implement Sustainable Urban Drainage Systems (SuDS) to mitigate urban flooding.
Documenting community values and flood experiences provides important insights for building
local adaptive capacity. I used semi-structured interviews and visual preference surveys to
document rain garden perceptions held by female residents of Juan Pablo I, a rapidly urbanized
neighborhood in Mérida, Yucatan, México. Participants value environmental stewardship, desire
environmental education from the municipality, and have expressed interest in conducting rain
garden co-stewardship in conjunction with Mérida’s Municipal Planning Institute. Rain garden
plant aesthetics were an important and motivating factor for engagement in maintenance
activities. Residents preferred aesthetically pleasing plants that prevent theft and require little
maintenance. Community-engaged SuDS development and rain garden co-stewardship can build
adaptive capacity and enhance climate justice in rapidly urbanizing, Global South contexts.
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Spanish Abstract

Como respuesta a la rapida urbanizacion de ciudades latinoamericanas, municipios han
comenzado a implementar Sistemas de Drenaje Urbano Sostenible (SUDS) para mitigar
inundaciones urbanas. Documentar los valores comunitarios y las experiencias de inundacion
proporciona informacion importante para desarrollar la capacidad de adaptacion local. Utilicé
entrevistas semiestructuradas y encuestas de preferencias visuales para documentar las
percepciones de los jardines de lluvia de las residentes de Juan Pablo II, un barrio que se
urbaniz6 rapidamente en Mérida, Yucatan, México. Las participantes valoran la gestion
ambiental, desean educacion ambiental por parte del municipio y expresaron interés en la gestion
conjunta de jardines de lluvia con el Instituto Municipal de Planeacion de Mérida. La estética de
las plantas de los jardines de lluvia fue un factor importante y motivador para la participacion en
actividades de mantenimiento. Las residentes prefirieron plantas estéticamente agradables que
evitan el robo y requieren poco mantenimiento. El desarrollo de SUDS con participacion
comunitaria y gestion conjunta de jardines de lluvia pueden fortalecer la capacidad de adaptacion
y promover la justicia climatica en contextos del Sur Global en rapida urbanizacion.



INTRODUCTION

Rapid urbanization in Latin America and the Caribbean (LAC) poses complex
environmental hazard management challenges for municipalities (Cavazos et al. 2024, Smit and
Wandel 2006, Vasquez et al. 2019). One such environmental hazard is urban flooding. Urban
flooding management is constrained by topological characteristics (e.g., karst) (Parise et al.
2015) and exacerbated by legacies of flood management approaches utilizing hard engineering
(Green et al. 2021). Consequently, many cities are reimagining flood risk management to
incorporate green and blue-green infrastructure (BGI) (Drosou et al. 2019, Green et al. 2021).
BGI has emerged as a cost-effective engineering solution to improve the livability of cities by
managing urban flood risk while providing green space and associated ecosystem services
(Almaaitah et al. 2021, Thorne et al. 2021).

A subset of BGI, Sustainable Drainage Systems (SuDS) have been developed to mimic
natural hydrological processes through the storage, attenuation, and bioremediation of urban
floodwaters (Gneco et al. 2024). SuDS include rain gardens, permeable pavements, and
bioretention trenches (Gneco et al. 2024, Instituto Municipal de la Planeacion 2021). In addition
to flood risk management, improved water quality, and increased urban greening, SuDS
enhances community wellbeing and adaptive capacity to climate extremes, all of which enhance
local climate justice (Dhyani et al. 2022, Lee et al. 2015, Noblega-Carriquiry 2022). While
examples of citizen interest and involvement in BGI initiatives exist, most still adhere to a top-
down and expert-driven process of SuDS design and site selection (Campbell-Arvai and
Lindquist 2021). Where case studies do engage communities to various degrees in the BGI/SuDS
design process, they most often center Global North (e.g., North American) contexts (Drosou et
al. 2019, Fluhrer et al. 2021, Vasquez et al. 2019). A deeper exploration of this topic in LAC is
of particular relevance as Latin America and the Caribbean is the most urbanized region in the
world at 81%, second only to North America at 82% (United Nations 2018). As weather and
climate extremes intensify in LAC, the relationship between social capital and BGI can inform a
broader understanding of adaptive capacity (Bixler et al. 2021, Pelling and High 2005).

In the context of climate change, bolstering local adaptive capacity is crucial for building
resilience to the impacts of intensifying climate extremes. Adaptive capacity refers to the
resources and assets that enable a community to effectively cope with disturbance (Bixler et al.
2021, Munaretto et al. 2014). Social capital, the social dimension of adaptive capacity, refers to
the network of social relations, trust, and community cohesion (Munaretto et al. 2014, Pelling
and High 2005). Communities with more social capital are expected to have more adaptive
capacity for hazard-related shocks, such as the impacts of urban flooding (Bixler et al. 2021).
Higher adaptive capacity can also be facilitated through BGI installations, which offer
opportunities for community members to gather and regularly interact, leading to feelings of
connection, trust, and a sense of belonging for community members (Campbell-Arvai and
Lindquist 2021, Everett et al. 2023).

Community participation in BGI design, implementation, and management maximizes
local environmental and social knowledge while fostering a greater sense of community



ownership over BGI installations (De Vito et al. 2021, Jagadisan and Sen 2024). Integrating
community expertise throughout the BGI planning process can increase cooperation and trust
between municipal officials and residents, while also minimizing negative BGI perceptions often
due to 1) the burden and financial or physical responsibility of residents to maintain BGI, 2) a
lack of awareness and education about BGI function and purpose, or 3) a dislike of the aesthetic
qualities of the installation (e.g., flora) (Everett et al. 2015, Everett et al. 2023, Jagadisan and Sen
2024). Additionally, ongoing community involvement is crucial for BGI successful maintenance
and longevity (Brennan 2005, Jagadisan and Sen 2024 ). Svendsen (2009) found that stewardship
of urban green spaces is another factor that can ensure the ongoing operation of BGI while
strengthening social cohesion and ultimately increasing adaptive capacity.

This research seeks to contribute to the limited body of research that examines the
viability of community involvement and resident motivations for participation and co-
stewardship in projects related to BGI design, implementation, and maintenance. Further
qualitative and quantitative research is required to better understand how local values,
experiences, and potential uses of BGI can inform the siting or infrastructure in particular areas
(Jones and Russo 2024, Yu et al. 2019).

Community perceptions of SuDS implementation were investigated through research
conducted in the Juan Pablo II neighborhood of Mérida, Yucatan, México. I sought to answer the
question: What factors shape residents’ support of and willingness to co-steward municipal green
infrastructure projects? Research was conducted with the goal of developing practical SuDS
recommendations for municipal collaborators while advancing theoretical understandings of
SuDS perception and willingness to participate in a rapidly urbanizing LAC context.

Specifically, my research addresses the following objectives:

Objective 1 — Identify the relevant social and environmental values, roles, and expectations of
actors (residents and municipal officials).

Objective 2 — Examine resident understanding and perceptions of rain gardens and the factors
that encourage resident willingness to participate in and steward SuDS installations.

Objective 3 — Explore how community-engaged BGI development, implementation, and
maintenance enhance local adaptive capacity to intensifying climate extremes.

MATERIALS AND METHODS
Study site

This Master’s research was conducted in Mérida, Yucatan, México, as an extension of
summer research investigating rain garden functionality and perceptions through the Resilient
Urban Latin America - International Research Experience for Students (RULA-IRES). The
Yucatan Peninsula is a karst-coastal plain marked by limestone aquifers that are particularly
susceptible to pollution and limit the development of a centralized drainage system (Bautista-
Zuiiga and Aguilar-Duarte 2021, Escolero et al. 2002). Yucatan’s capital city of Mérida is
characterized by Frequent encharcamientos (pooling floodwaters) due to a combination of



factors: a rainy summer season (May-October), high water table, karst topography, and position
within the Caribbean Hurricane Belt (Andrewin et al. 2015, Romero and Alfaro 2024). Due to
Me¢érida’s status as the capital city, its recent history of rapid urbanization and development, and
experiences with persistent flooding, it has become the focus for municipal infrastructure
improvements by the Instituto Municipal de la Planeacion IMPLAN, Municipal Institute for
Planning) (Aguilar et al. 2013, Bonafontini 2014). The focal neighborhood of this investigation
is Juan Pablo II, which was constructed after the August 1993 visit of Pope John Paul II, and for
which the City of Mérida deforested the area to accommodate his mass sermon (Canul Ek and
Pech Ku 2023). After the Pope’s visit, the neighborhood was rapidly developed for residential
use and has triggered concerns regarding land use planning decisions (S. Chuc, personal
communication, February 25, 2025).

In 2021, the Instituto Municipal de la Planeacion (IMPLAN, Municipal Institute for
Planning) published the Sustainable Urban Pluvial Drainage Systems (SuDS) report, which
identifies green infrastructure
interventions for five medium- to
high-flood risk neighborhoods in
western Mérida: Ciudad Caucel,
Bojorquez, Francisco I. Madero, Juan
Pablo II, and Yucalpetén (Bautista-
Zuiiiga and Aguilar-Duarte 2021,
SuDS 2021, Ya’axtal: Objectives
n.d.). In conjunction with the
development of the SuDS report, in
2020, IMPLAN piloted three rain
gardens along major roads in the
neighborhood of Juan Pablo II (SuDS
2021) (Figure 1). The design and
implementation process occurred in
consultation with city planning
officials and academics. Due to the COVID-19 pandemic, limited capacity of municipal staff,

Figure 1. Rain garden #2 and signage on Avenida 132,
Juan Pablo II, Mérida.

and lack of funding and project priority, two results occurred: 1) the surrounding community was
not notified of these installations and 2) the rain gardens were not maintained and all plants died
(S. Chuc, personal communication, February 25, 2025). The lack of community engagement has
allowed researchers to focus their efforts on understanding community perceptions of these
installations.

Data collection and analysis

Data collection was framed through a Participatory Action Research (PAR) approach,
which prioritizes knowledge generation and data collection from those most impacted by
research (Kindon et al. 2007). For this study, data was collected from a convenience sample of



women engaging with the Instituto Municipal de la Mujer, Sede Poniente (Municipal Institute of
the Woman, western headquarters, “el Instituto” hereafter). Understanding participants flood
experiences and risk perceptions is important because women in developing countries tend to
lack access to resources and decision-making information, causing them to have a higher risk to
natural hazards (Ajibade et al. 2013). Many participants are mothers who held responsibilities
related to childcare, child transport to/from school, and domestic chores, including sweeping
fallen leaves and mopping floodwaters entering the home.

Data collection was conducted in a collaborative effort between two trips to Mérida:
June-July 2024 and November 2024. During the first visit, semi-structured interviews and
participatory mapping activities were conducted with fifteen participants by three RULA-IRES
Master’s students (the author included) with the support of three RULA-IRES undergraduates
and six undergraduates from the Autonomous University of México - Mérida. The Master’s
students later returned to Mérida to collect interview and participatory mapping data for their
respective theses. All interviews were conducted at the Instituto Municipal de la Mujer, Sede
Poniente (Municipal Institute of the Woman, western headquarters, “el Instituto” hereafter). El
Instituto is a community center and safe space offering job training workshops and psychological
services for neighborhood women. After connecting with leadership on a transect walk of Juan
Pablo II, executive staff assisted the researchers in participant recruitment through direct,
personal invitation. This connection shaped the trajectory of the research to center the
perceptions of flooding held by female residents.

In addition to returning participants who had engaged in the team’s collaborative summer
research, fifteen new participants were recruited via personal invitation from executive office
staff and El Instituto’s women empowerment group (for a total of 30 interviews). In return,
participants were offered coffee and snacks, which were viewed as a culturally acceptable form
of compensation. All participants were women who either lived or worked in Juan Pablo II.
Interviews were completed in Spanish and ranged from 24 min to 1 hour and 34 min, depending
on participant interest and number of participants in the interview group. Researcher engagement
over the summer, in combination with their student status, encouraged residents to participate
freely. Participants were eager to share their perceptions (and photos) of flooding and related
topics. An advantage of interviews with returning participants was their previous exposure to the
topic of rain gardens. Each interview (for returning and new participants) included an
educational component intended to standardize background knowledge on the rain garden
installations and ecosystem services offered. Participants expressed surprise, excitement, and
curiosity about SuDS in their neighborhood, reactions which may have motivated them to
express further interest in co-stewardship activities.

The use of a semi-structured interview format enabled the participants to utilize their time
to discuss their concerns accordingly. A participatory mapping activity was utilized to identify
where in Juan Pablo II participants had experienced flooding and where they would recommend
a future rain garden be sited to reduce flooding. A visual preference survey was also conducted
to discern participant preferences for rain garden plants (Tugrul Polat and Akay 2015).



Participants were shown a plant palette IMPLAN proposed in their SuDS report, and asked to
identify which plants they would like to see in a rain garden and explain why. Together, the
participatory mapping and visual preference survey served to gauge flooding hotspots in Juan
Pablo II and general preferences for rain garden plants.

Recruitment, interviews, and data analysis were conducted in Spanish. Upon contact,
researchers informed participants of the research goals and intended uses of collected data. The
consent process was thoroughly explained to each individual. The only eligibility requirement
was that participants be at least 18 years of age. All individuals meeting the age criterion were
deemed eligible to participate in the research. While no other demographic factors were
considered for screening, due to work at the Instituto Municipal de la Mujer, all respondents
were female. In accordance with conditions of the consent process, the answering of questions
was voluntary, and participants could terminate the interview at any time. This member of the
research team spoke first-language Spanish. The Arizona State University Office of Research
Integrity (IRB STUDY00020315) provided approval for research involving human participants
as a modification of the initial IRB granted for summer research. The Duke University Office for
Research & Innovation provided approval to the researcher’s existing IRB through Arizona State

University with a reliance agreement.

For this research, the interviews, participatory mapping, and visual preference survey
were explored through eight questions covering four themes (Table 1): Roles and responsibilities
of actors, neighborhood values, requirements for rain garden co-stewardship, and siting of rain
gardens. A total of 513 statements/segments were coded across participant interviews.

Data were recorded on cellular devices and transcribed through the Artificial Intelligence
feature on MaxQDA, a qualitative data and mixed-methods software program. Interviews were
coded in Spanish. For the purposes of accurate transcript and data analysis, this author listened to
the audio recordings and re-read the transcripts multiple times. All translations are the author’s.

RESULTS

Four major themes were explored through participant interviews and used to categorize
the relevant social and environmental values, roles, and community expectations. First, the
expectations residents have of the municipal government and of their fellow neighbors in Juan
Pablo II are examined (Roles and Responsibilities: Municipality and Neighbors). Expectations of
the municipality included trash collection, road/sidewalk maintenance, and dissemination of
information on public services. Expectations of neighbors focused on sidewalk cleaning. The
values residents hold related to greenspace, environmental stewardship (including
frustrations/observations about the culture of trash-throwing), and education. Here, values refer
to community norms, expectations, and shared beliefs amongst individuals living in Juan Pablo
IT (Neighborhood Values) (Wray-Lake et al. n.d.). Resident perceptions and aesthetic
preferences for rain gardens were consequently captured (Rain Garden Perceptions and
Aesthetics). These included aesthetic preferences, plant preferences (e.g., sun tolerance,
prevention of theft, maintenance frequency, etc.), and function versus aesthetics. Finally, the


https://drive.google.com/drive/u/0/folders/1_Zkwb88IcpOKc0izeG4uliz6N5Dvq9nP

factors that motivate residents to participate in SuDS co-stewardship are identified (Rain Garden
Stewardship). These included distance from home, accessibility of transportation, resources and
maintenance training, and scheduling/time commitment. All quotes translated by the author from
Spanish to English.

Roles and Responsibilities: Municipality and Neighbors

When asked to describe their expectations of the municipality, residents were quick to
mention road/sidewalk maintenance and trash collection. Fourteen participants cited expectations
that the municipality of Mérida should be more proactive about pothole maintenance.

Yes, they should give maintenance to the sewers.... Pay attention to the potholes,
because that is urgent. It is. All the streets are full of potholes.

Fifteen participants cited the expectation that the municipality of Mérida regularly clean blocked
sewer drains from both human-generated trash and leaf litter from urban trees.

Well, the lack of what I say is the lack of consistency in the maintenance of the sewers by
the City Council.

The fallen leaves come to my house, they accumulate in the sewer that is at the entrance
of my house because I have a sewer. It accumulates there and I have to be constantly
cleaning because ah, of course I can't get in because they put in some grates, but as far
as possible I can clean, but still, now it's your job at City Hall. Aha. Since there is no
consistency on their part, I think that is one of the things that causes all this problem.

One participant made reference to the lack of infrastructure for trash disposal in Juan Pablo II as
compared to downtown Mérida. Ten participants cited a need to increase the city’s
descacharrizacion (trash collection) programs in order to prevent trash from going directly into
the environment. A common theme on the topic of conscious trash-throwing was the community-
level expectation that every person do their part to responsibly dispose of trash in order to
prevent negative environmental and health outcomes.

Well now that you mention the trash. Yes, also the garbage... Because I see that in the
Centro the garbage cans are more viable, for organic, inorganic, paper goods... So, when
you come through this area... there are no trash cans. So what do people do? They throw
it and as they see the woods, he throws it into the woods. You don't realize it and the truth
is that it harms the environment. And also, they cause fires, eh? All the same. Back to the
point mosquitoes are all that garbage. The opossum begins to come out. The little mice,
the cats, the dogs, everything. So all that creates like a plague. So I would consider
putting in trash cans. Well obviously, let the city council give it to... the people. Sorry.



Think of throwing away the trash. You are walking. You are in the vehicle, there is a can,
we throw away the trash. And there is no longer any need, because this thing has already
grown and looks terrible. So the people who do it, throw it in the street. Because?
Because it's the easiest.

Six interviewees mentioned the expectation that neighbors clean up the space in front of their
home and do their part to ensure a trash-free environment. One participant elaborated on this
expectation of community stewardship:

But there are people who have, everyone has a telephone, but they use it for things that
are not useful for what it is actually useful for. They don't do it if they don't do it. So that
also influences people's culture, right? Because there are people. Oh, it doesn’t matter to
them if they throw things... because if we all worry about having our front patio nice and
clean, if that's not going to happen, that's not going to happen, right?

Participants expressed explicit expectations of the municipality to address flood-related
infrastructure problems in a timely manner and of fellow neighbors to do their part to maintain a
clean neighborhood.

Neighborhood Values

Residents demonstrated awareness about local environmental challenges and the value of
green areas in addressing those concerns. At the same time, they emphasized the need for the
government to conduct concientizacion (awareness campaigns) to educate community members
on M¢érida’s environmental and hydrological processes. They specifically identified a need for
the government to conduct campaigns on the contribution of individual stewardship to Mérida’s
overall environmental health, which included responsible disposal of garbage in government-
issued receptacles and the sweeping of leaves from sidewalks in front of each person’s home.
This theme was mentioned by five participants.

We need a good government that teaches us to be clean with nature, like the
encharcamientos.

Because many of us don't know what there is, what we can do to improve and the people,
1 think that the people of this neighborhood would help us a lot, right? And especially the
next generation, but it is very incredible.

Many participants expressed sentiments related to environmental stewardship and community-
level thinking. Fifteen residents mentioned the need for each neighbor to contribute to overall
community wellbeing. Notably, when participants discussed their experiences with flooding and
maintenance expectations, they often mentioned more than just their own. Many anecdotes were



shared about the flood experiences and stewardship behaviors of their neighbors, friends, and
family. They also cited the value of teaching their children how to serve as environmental
stewards with the support and resources of the municipality.

Because if we all worry about having our front patio nice and clean, then that's not going
to happen, that's not going to happen, right?

Yes, teach children, too....Invite the children. Let's participate. We're going to put
up a tree. But it's a little tree. We are going to give ourselves life. If it's ours, are we
going to come or are we going to cut? We are going to [steward] things, but as long as
the city council supports us too.

The culture of trash throwing was cited as a major concern by thirteen residents, often expressed
with frustration and in conjunction with conversations about environmental stewardship. To this
end, they suggested installing trash cans next to rain gardens to promote responsible trash
disposal and encourage rain garden stewardship.

So, when you come through this area... there are no trash cans. So what do people do?
They throw it and as they see the patches of trees, he throws it into the patches of trees.
They don't realize it and the truth is that it harms the environment.

What I do, in all honesty, in front of my house, like this when I see that someone is
throwing garbage on my property. It's not that you're picking a fight, as I say it's my
[street] view... I go out on my [front porch], so I make sure they don't litter. I scold them,
1 tell them, “Hey, why are you littering?” And there are rude people who insult you. And
1 tell him, “Tell me where you live. I'll bring you my trash, see if you like it.”

Rain Garden Perceptions and Aesthetics

After receiving an explanation of rain garden function and viewing photos from a rain
garden on a principal street in Juan Pablo II, participants were asked about aesthetic perceptions
and preferences related to rain gardens. In terms of aesthetic/flora preferences, they generally
expressed concerns about theft, safety, and shade. (Table 3)

Health and safety, including concerns around mosquitoes, visibility, and shade, were
mentioned ninety-seven times across interviews. Concerns about an increase in the prevalence of
mosquito-borne diseases (e.g., chikungunya, dengue, Zika) were notable. One participant also
expressed concern about electric cables hanging in floodwaters that electrocuted a resident of
another neighborhood in Mérida.



Well, I am concerned that there are mosquito breeding sites where the dengue mosquito
is generated. Mhm. So that's what worries me especially, right? Because it is very ugly
that we get sick from dengue.

Participants expressed concern about how plants in a rain garden would reduce already-limited
visibility when crossing the street, citing a lack of pedestrian infrastructure in Juan Pablo II.

The truth is, if you don't look for how to cross the street, you'll miss it if you can't hear.
One has to stick one's head out to see the visibility [around] of the tobacco plant.

Shade is mentioned as a desirable feature for rain gardens, particularly for pedestrians and those
waiting for public transportation without nearby shade structures.

1 say that mostly those that offer shade are good to put on the medians because many
children or many people pass by and sometimes what we are looking for is also a little
shade in certain places, mostly the same on the avenues, which is what we do.

In addition to concerns about personal health and safety, seven participants indicated concerns
about the theft of plants planted in a rain garden. Three residents particularly advocated for the
planting of thorny plants to prevent theft, rather than the selection of thorny plants for their
aesthetic qualities. Others advocated for the planting of trees that also prevent theft.

Well, I like very pretty flowers, they are pretty, but here if you put pretty plants they take
them so they can plant pretty plants or flowers. You need to enclose [the rain garden].

A flower... but they disappear because it has happened that they plant it and the plant is
no longer there, or they grow, the little flowers bloom and everything and they go and
pluck them. So, if they try to put up a tree, that's it, a tree. Yes, exactly.

Maintenance requirements were cited by five participants as a factor guiding their selection and
perceptions of plants that could be planted in a rain garden. The amount of leaf shedding and
resistance to sun/drought were the most widely-cited concerns.

The trees are shedding off their leaves or lifting the ground. Yes, of course, because there
are many who just plant it and they are very beautiful bushes, but they throw a lot of
garbage at you and ruin your floor.

Well, the plant in common. If you don't maintain it, it's going to grow, it's going to grow,
it's going to grow, either up or lengthwise, because they grow, eh, lengthwise, well,
people hide there and wide, they cover up where you pass by, the pedestrian or a vehicle



or whatever. The point is knowing how to maintain the plant. Yes, knowing how to give it
a beautiful view, leaving it very nice, cutting it, and maintaining it regularly. It's like a
house, it's like a car, it's like a son. You have to be giving it life to make it look pretty.

Notably, five participants mentioned an interest in planting edible plants in a rain garden. This
reflects medicinal and comestible uses of plants (e.g., Aloe vera) in a local cultural context.

Or if they were fruit too. Here, thank God, because since it rains a lot, it's easier to
successfully harvest chaya, soursop, papaya, all the bananas.... In other words, there are
too many things that can be planted.

When asked how important rain garden appearance is if it accomplishes its goal of reducing
flooding, there was a mix of responses. Most respondents indicated that an aesthetically desirable
garden motivates stewardship behaviors, while fewer cited that if the community is informed of
the purpose of that infrastructure, then they will respect its function regardless of appearance.

1 feel that once people see that it is beautiful, they will preserve it more. Because if they
see that it is grass, they say, “Oh, there they’ll throw garbage.”

I don't think so because, as my colleague commented, I think that if they put signs
up it will help the function of each area independently of it looking nice, right?

Rain Garden Stewardship

Participants expressed interest in participating in the co-stewardship of rain gardens with
IMPLAN, particularly after being informed that IMPLAN officials were equally interested and
eager about the potential collaboration. The main requirements for resident participation included
a maintenance schedule (time of day/week, work schedules) and logistical support from
IMPLAN (tools, coordination for maintenance events). Resident suggestions on the time of day
were directly related to concerns about sun exposure and reflected local cultural adaptations to
extreme heat through early morning and late afternoon work/activity schedules.

It shouldn’t be too late in the afternoon because of the sun, because then the sun causes
harm, it already harms us all, but if it could be like in the morning, very early, eight or

nine and maybe I don't know like at five or six in the afternoon where the sun is already
setting and like that people have already left work, already left school, already left from

various places and they can.

Weekends are the times when we could take time to attend and if they give us the tools.

Residents emphasized the importance of educational in-person signage near rain gardens and
accessible information about Mérida’s hydrological processes and the role of SuDS in flood



mitigation. This builds on frustrations expressed during summer interviews that residents would
like a greater amount of difusion social (information dissemination) of municipal-led projects.

We also need this constant maintenance, no more the implementation. It is maintenance
and the other is also the dissemination of information for those of us who are in the area,
to know what [the municipality is] saying.

Yes, those signs are necessary. [ mean, people see it and we are used to the fact that there
is nothing. I don't know what there is, I don't know that [the rain garden] exists, but if
you give me a sign I will know what this is, what the function is for, right?... Referring
back to people with disabilities and also neurodivergent people. Suddenly these people
don't have anything, they don't know what's going on and the signs help a little bit, right?
And more so the boys and girls.

If you notice, not many people know about this information because you cannot take out
some sheets of paper to accommodate some flyers so that it reaches people anyway and
they have a little information. Some workshops? I don't know, something like here where
there is space under a roof, I don't know, maybe from the state. Mhm. This space can be
used to give information.... Also not using so much paper. Upload them on your
Facebook anyway, right?

Therefore, community members expressed interest in science communication campaigns to raise
public awareness about rain garden/SuDS function and purpose. They suggested these campaigns
occur through public signage, social media content, and radio advertising to reach an age-diverse
audience. Residents expressed strong values related to educational stewardship, expectations of
the public services offered by Mérida’s municipality, and envisioned what a rain garden would
look like if they were involved in the plant selection process.

DISCUSSION

This research discovered previously undocumented perceptions and preferences about
rain gardens in the Juan Pablo II neighborhood of Mérida. A tendency to think at the community
level — how something impacts not just themselves, but their neighbors, friends, and family —
emerged as a common pattern in the responses of participants when discussing their expectations
of the municipality of Mérida and their neighbors. Participants were highly concerned about the
culture of trash throwing in their neighborhood. Residents expressed a desire for environmental
education campaigns from the municipality, which they suggested could raise environmental
consciousness and reduce trash-throwing behaviors. This echoes research from Craig-Scheckman
et al. (2024), which recommends that public awareness campaigns and initiatives are necessary
for successful infrastructure adoption. Similar to findings from Lamond and Everett (2023),
residents were motivated by their experiences with flooding to engage in active stewardship of



rain gardens, especially if it would limit their daily exposure to flood hazards. Consistent with
findings from Meenar et al. (2020), rain garden aesthetics were a key factor in resident
acceptance of rain gardens sited along road margins. In Mérida’s case, aesthetics are also
considered important in motivating stewardship behaviors in addition to logistical support from
IMPLAN. Rain garden design that incorporates shade and visibility concerns are more likely to
garner community support and address intersectional concerns related to urban mobility, health,
and wellbeing. Shade-provisioning SuDS are of particular relevance due to intense solar
radiation, which limits daytime activities to the early morning (before 10am) and late afternoon
(after 4pm). In addition to site-specific insights directly applicable to IMPLAN’s work in
Me¢érida, these results reflect growing conversations about SuDS in LAC and revealed important
considerations and directions for future work related to 1) comestible rain garden flora, 2) public
health implications, 3) reflections on cultural heritage ecosystem services, and 4)
concientizacion.

Comestible rain garden flora

Interviews revealed cultural nuances and unexpected values about rain garden plant
preferences: an interest in the planting of edible/comestible flora, such as Aloe vera. This reflects
investigations related to enhancing urban food security through the implementation of edible
green infrastructure (EGI) (Russo and Cirella 2020, Russo et al. 2017). For example, the double-
use of rain gardens as vegetable gardens and stormwater retention sites has been explored by
Richards et al. (2017). EGI may be suitable under certain conditions, but Deelstra and Girardet
(2000) warn against growing crops via EGI within ten meters of a busy road and in countries
where lead-based fuels are utilized. As Mérida’s existing rain gardens lie along major roads, the
feasibility of EGI would require further investigation. Citizen desire for edible/comestible flora
in rain gardens illustrates the need, echoed by community members, for environmental education
related to rain gardens’ bioremediation purposes. Not only do rain garden plantings influence the
social acceptance of BGI (in Mérida’s case, as a motivating factor for co-stewardship), but they
also present opportunities for improving public health.

Public health implications

Resident concerns about public health were frequently related to mosquito-borne
diseases. All interviewees expressed concern and described their experiences with contracting
chikungunya, dengue, and/or Zika due to their exposure to encharcamientos. For another city in
the Yucatan Peninsula, Canctin, Gomez Hernandez (2022) identified that this urbanized tropical
location, particularly during the rainy season, created more encharcamientos that exacerbated
urban health risk (and mortality). This reflects ongoing concerns about the health risks presented
by green and blue infrastructure, and public health recommendations to adopt vector control
measures, enhance public education, and implement monitoring and surveillance (Lohmus and
Balbus 2015). Given the interest of residents in rain garden co-stewardship and their
observational experience over changes in Juan Pablo II, community-engaged monitoring



programs may have a place in Mérida. A framework for neighborhood-level monitoring of
stormwater drainage infrastructure has been developed in a similar context by Hendricks et al.
(2018), who established a set of performance standards and assessment techniques in a
vulnerable neighborhood in Houston, Texas. The development of a participatory assessment
technique for infrastructure (PATI) and participatory action research (PAR), more broadly, can
increase the adaptive capacities of vulnerable communities by leveraging existing social
networks (e.g., women’s empowerment group at el Instituto) and incorporating local knowledge
in BGI design/planning (Hendricks et al. 2018). Approaches such as PATI can strengthen civic
partnerships between municipal offices (e.g., IMPLAN, Municipal Public Services) and
disciplines (e.g., public health, civil engineering) to equitably distribute public resources for
communities that were rapidly urbanized (Hendricks et al. 2018). Ultimately, this works to
advance pro-BGI policies that build local adaptive capacity and enhance climate justice.

Cultural heritage ecosystem services

Planting rain gardens with native species ensures that urban dwellers will continue to
enjoy endemic ecosystem services (Sexton and Lawhorn 2025). As indicated by their plant
palette, IMPLAN prioritized native plants in the design of rain gardens (Instituto Municipal de
Planeacion de Mérida 2021). A desire to see native plants in rain gardens was echoed by
interviewees, who value the double utility of plants as flood mitigators and subsistence. Since
endemic species require less irrigation — a necessity in Mérida’s climate — a preference for native
plantings not only supports the success of a rain garden, but can serve as a motivating factor for
resident co-stewardship (Lehmann 2021). Further research is needed to identify the relationship
between adaptive capacity and cultural heritage ecosystem services, which are underrepresented
or often omitted from border ecosystem service studies due to challenges in their evaluation
(Cheng et al. 2021). In the context of plant preferences, participatory development and evaluative
frameworks can increase BGI acceptance and appreciation, contributing to the sustainable
functioning of BGI that reduces the social vulnerability of community members and enhances
local climate justice (Lamond and Everett 2023).

Concientizacion

The topic of concientizacion was frequently cited by interviewees and warrants further
investigation in the LAC context. In the LAC green infrastructure (GI) literature, concientizacion
is sparsely mentioned in case studies of GI implementation. In their evaluation of nineteen GI
case studies across Pert, Chile, and Argentina, Zucchetti et al. (2021) found concientizacion
mentioned in only two cases from Peruvian cities: Ayacucho and Jauja. They also highlight the
lack of attention to gender considerations in municipal discourse and a lack of gender
differentiation for citizen participation strategies. As part of a literature review conducted by the
Costa Rican Institute of Technology, Borge-Leandro (2024) found that concientizacion on urban
watersheds and cleaning waste from public sewers (a common practice for Juan Pablo II
residents), in addition to education on local hydrological cycles and climate change, are



important non-structural measures to support SuDS. Relatedly, interviewees frequently identified
this concientizacion gap while stating that they desire more environmental education and
stewardship information from the municipality of Mérida. Participants often stated that more
environmental education would lead to improved environmental behaviors amongst their
neighbors and families, and could lead to more public interest in SuDS co-stewardship activities.
This result highlights an existing community awareness and desire for more concientizacion and
could be explored by further research to identify effective and gender-informed concientizacion
strategies.

Through an exploration of community values, expectations, and rain garden preferences,
I sought to understand what factors shape residents’ support of and willingness to co-steward
municipal green infrastructure projects, particularly as they relate to rapid urbanization in LAC.
The main factors shaping their support include 1) scheduling: time of day/week, work schedules;
2) logistical support from IMPLAN: tools, coordination for maintenance events; and 3)
aesthetics (plant preferences, regulating and cultural ecosystem services). Interviewed residents
value environmental education and environmental stewardship (concientizacion), and expressed
awareness about the culture of trash-throwing in Mérida. Unexpected themes related to
comestible rain garden plants, implications for public health, and cultural heritage ecosystem
services offer insight into the rich diversity of SuDS subtopics for further investigation.
Moreover, this research offers insight into the challenges and lessons learned from SuDS
development in both karstic topographies and rapidly urbanizing Global South and LAC
contexts, where BGI development is growing.

Given the lack of existing relevant research on Mérida, this study sought to document
rain garden perceptions and preferences in Juan Pablo II, Mérida, as a starting point for further
investigation. Future studies in Mérida will benefit from a greater time depth, investigating the
attitudes and perceptions of different stakeholder populations, and examining community
responses to different SuDS implementation projects aside from rain gardens. Exploring long-
term community involvement in municipal BGI plans against the backdrop of intensifying
climate extremes can build an extensive body of information that can be used to enhance climate
justice and ensure just adaptations.

CONCLUSION

Interviews and visual preference surveys facilitated conversations about rain gardens and
broader Sustainable Drainage Systems (SuDS) implementation in the Juan Pablo II
neighborhood of Mérida, Yucatan, México. Identifying community values and motivating factors
for rain garden co-stewardship demonstrated the importance of community engagement
throughout all stages of SuDS/BGI design, implementation, and management. Female residents
of Juan Pablo II value environmental stewardship, expressed concern about the culture of trash-
throwing, and cited a need for environmental education from the municipality. Barriers to co-
stewardship include time of day/week and work schedules, while expectations include tools and
coordination from the Municipal Planning Institute (IMPLAN). Rain garden appearances were



considered important, and residents expressed an interest in plants offering shade but not
obstructing pedestrian visibility, requiring low maintenance, and appearing aesthetically
attractive. This case study examines a previously unstudied urban context and contributes to the
growing body of literature examining green and blue-green infrastructure implementation in
Latin America and the Caribbean, and offers additional insight on how rain garden co-
stewardship can increase the adaptive capacity of rapidly urbanized communities.
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APPENDIX

Table 1. A priori theme categories and interview questions in Spanish and English.

Focal topic

Corresponding interview questions (Spanish, original)

Corresponding interview questions (English)

Roles and responsibilities
of actors

1. ;Qué servicios esperas que el municipio le brinde?

2. (Le interesa participar en el mantenimiento de un
jardin de lluvia?

3. (Qué factores influiria su capacidad para colaborar en
el mantenimiento de un jardin de lluvia? (p. ej,,
coordinacion por el municipio, ubicacion, seleccion
de plantas, tiempo/distancia desde el hogar,
educacion/orientacion)

1. What services do you expect the
municipality to provide you?

2. Are you interested in participating in rain
garden maintenance?

3. What factors might prevent you from getting
involved in the maintenance of a rain
garden?

Neighborhood values

4. ;Piensa que los letreros educativos le ayudarian a
valorar el espacio mas y sentirse mas informada?

5.¢Siel jardin de lluvia logra su objetivo de reducir las
inundaciones, que tan importante es su apariencia?

4.Do you believe educational signs would
help you value the space more and feel more
informed?

5.1f arain garden accomplishes its goal of
reducing fooding, how important is its
appearance?

Requirements for rain
garden co-stewardship

6. Si tuvieras que elegir, ;qué plantas seleccionarias para
el jardin de lluvia? ;Por qué? (por ejemplo, estética
como altura y floracion; nivel de mantenimiento)

a. Marca una X en la esquina superior derecha de las
plantas que seleccionaria.

7. {Qué preocupaciones tiene sobre su salud y seguridad
fisica con respecto a los jardines de lluvia?

a. (p. ¢j., salud, basura, insectos/enfermedades,
seguridad fisica si los arbustos son demasiado altos)

6.1f given a choice, what plants would you
select for the rain garden? Why? (e.g.,
aesthetics like height and flowering;
maintenance level)

a. Place an X on the top right hand corner of
the plants you would select.

7. What concerns do you have about rain
gardens? Do they raise concerns related to
your health and physical safety? (e.g.,
health, trash, bugs/disease, physical safety if
shrubs too high)

Siting rain garden

8. En qué lugar de Juan Pablo II cree que otro jardin de
lluvia podria ayudar a minimizar las inundaciones?
(Por qué?

a. (p. ¢j., escuelas, iglesias, supermercados, institutos,
parques, otros centros comunitarios)

b. Marca una X en el mapa donde piensa que ayudaria.

8. Where in Juan Pablo II do you think another
rain garden could help minimize flooding?
Why? (e.g., schools, churches, grocery
stores, Instituto, parks, other community
centers/third spaces)

a. Please mark this on the map.

Table 2. Codebook

Code System

Memo

Roles & Responsibilities

home, etc)

(trash, road repairs, cleaning in front of

Of citizens/neighbors

Street/sidewalk cleaning




Table 2. Codebook

Of the government

Trash collection

Method of communication

Road/sidewalk maintenance

Information dissemination

Neighborhood Values

Greenspace

Environmental Education

Environmental Stewardship

Culture of Trash-Throwing

Perception of Rain Gardens

Aesthetic Preferences

Plant Preferences

Flood resistance

Pollinators/Wildlife

Sun tolerance

Health/Safety

(e.g., mosquitos)

Theft

Maintenance frequency

Edibility

Shade




Table 2. Codebook

Function vs. Aesthetic (what's more important)

Rain Garden Co-Stewardship Requirements

Educational signage

Accessibility

Distance from home/transportation

Training on maintenance

Available resources (e.g., tools from IMPLAN, coordination
from IMPLAN)

Time commitment

Time of day/week (e.g., heat/shade)




Table 3. Plant Preference

Common Scientific name | Selection Selection Frequency of | Participant Photo
name criteria criteria notes | mention Reason for
(Spanish) (phytoremedia selection
tion or
rusticity/durab
ility)
Sébila Aloe vera Both Resistance to | 8 Aesthetically
water scarcity attractive
Medicinal
Buganvilia Bougainvillea Rusticity/dura | Resistance to | 6 Thorny —
bility water scarcity prevents theft
Buena vista de | Codiaeum Rusticity/dura | Resistance to | 4
Filipina variegatum bility solar
exposure
Jazmin Jasminum Rusticity/dura | Resistance to | 4 Smells good
bility solar at night

exposure




Lengua de Sansevieria Rusticity/dura | Resistance to Aesthetically
vaca trifasciata bility solar attractive
exposure

Doesn’t grow
too tall/easier
maintenance

Platanillo Heliconia Phytoremediat | Native plant

psittacorum ion




