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Abstract. This study explores the role of smart communities in responding to climate disasters,
focusing on the 2024 floods in Porto Alegre, Brazil, as a case study. Grounded in existing concepts
of smart communities and based on 23 in-depth semi-structured interviews with community
leaders, community members, community collaborators, and local government authorities, this
research employs an existing framework designed to understand how these communities
evolved into smart communities and whether their adoption of smart governance practices
helped them mitigate the disaster’s impacts and navigate the recovery process more effectively.
The findings, derived from a qualitative data analysis, reveal that pre-existing smart communities
demonstrated greater effectiveness in coordinating disaster response efforts, mobilizing
resources, and building resilience. Community cohesion was reinforced during the crisis, largely
due to established networks, collective trust, and decentralized governance mechanisms.
However, the study also identifies significant challenges, particularly concerning the availability
and reliability of ICT-based communication systems during crises, difficulties in coordinating
across different levels of government, and broader governance barriers that are especially
pronounced in developing countries like Brazil. By highlighting these dynamics, this study offers
valuable insights into how smart communities can be strengthened to enhance disaster response
and resilience, particularly in urban areas facing increasing climate risks. More than just
showcasing best practices, this study emphasizes the importance of human connections, local
knowledge, and governance innovations, demonstrating that integrating community-led
governance into formal disaster planning is essential for proactive and adaptive urban resilience.
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1. Introduction

Over half of the world’s population lives in urban areas, a figure expected to reach 75% by 2050 (McKinsey, 2011).
This rapid urbanization, combined with climate change, heightens vulnerability to climate-related hazards, such
as urban flooding and extreme weather events (United Nations, 2019). Densely populated cities, particularly in
Latin America, are highly susceptible to extreme weather events such as heavy rainfall and urban flooding,
exacerbated by the urban heat island effect (Shastri et al., 2015; Li et al,, 2020).

This reality is evident in Latin America, where 80% of the population already resides in cities, a figure expected to
reach 85% by 2040 (UN-Habitat, 2022). Nearly half of Latin America’s capital cities are at extreme risk due to
climate change (CAF, 2014), emphasizing the need for resilience strategies in urban governance.

The growing frequency and severity of climate disasters further highlights the urgency of urban resilience
strategies. According to the World Meteorological Organization (WMO), between 2020 and 2022, 88% of extreme
events recorded in Latin America were caused by meteorological, climatic, and hydrological factors, accounting for
40% of disaster-related deaths and 71% of economic losses (WMO, 2022). As the frequency and intensity of these
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disasters escalate, it becomes evident that enhancing urban resilience is not just necessary but urgent. Among these
hazards, flooding stands out as one of the most recurrent and destructive, driven by climate change projections
and rapid urban expansion (Rozer et al., 2021). The economic and social costs of flood-related damages continue
to rise, disproportionately affecting low-income and socially vulnerable urban communities (Nkwunonwo et al.,
2020; Nasiri et al., 2016).

As Latin American cities grapple with increasing climate risks, Porto Alegre, Brazil, stands out as a compelling case
study, particularly due to its long-standing tradition of participatory governance and community engagement. The
devastating 2024 floods, which affected large parts of the city, faced the urgency of understanding how urban
communities can build resilience in climate disasters (World Meteorological Organization [WMO], 2024). On top
of that, this event triggered urgent discussions on disaster governance and flood resilience.

Porto Alegre’s pioneering participatory governance, notably through the Participatory Budgeting (PB) process,
provides a unique lens to examine how smart communities can enhance resilience in disaster scenarios (Baiocchi,
2003; Goldfrank, 2011). This long-standing tradition of community participation in municipal decision-making
offers a valuable lens through which to examine the role of smart communities in disaster response. Additionally,
the city has been actively involved in smart communityinitiatives and innovative governance practices, making it
a compelling case for understanding how local governance contributesto disaster resilience (Pereira et al., 2017).

While smart cities have been extensively explored (Harrison & Donnelly, 2011; Komninos, 2013; Caragliu et al,,
2011), research on smart communities, particularly in the context of disaster resilience, remains limited. Much of
the existing research emphasizes technological solutions (Janssen, Charalabidis, & Zuiderwijk, 2012) and
infrastructure-driven adaptation strategies (Alawadhi et al.,, 2017), while the role of community-led governance in
climate disasters remains understudied (Craig et al., 2004). There is limited research on how smart communities
develop in crisis contexts, particularly in urban areas of developing countries, where challenges such as
institutional fragmentation, lack of coordinated response mechanisms, and social vulnerabilities pose additional
complexities (Reardon & Forester, 2015).

This study examines how Porto Alegre’s smart communities adapted to the 2024 floods, offering insights into how
localized governance and community-driven initiatives can enhance resilience in the face of climate disasters. More
specifically, it investigates whether their adoption of smart governance practices played a role in mitigating the
disaster's impacts and how facilitating an effective recovery.

To guide this discussion, the paper is organized as follows: Section 2 reviews the concept of smart communities
and introduces the conceptual framework used to analyze their structure. This is followed by an overview of Porto
Alegre’s geographic and historical context, with a focus on the 2024 floods. Section 3 details the research
methodology, outlining the data collection process, which combined in-depth interviews with document analysis
of secondary data sources. Section 4 presents the key findings, exploring how communities engaged with the
disaster response and recovery efforts. The discussion that follows cross-analyzes these results, offering insights
into the mechanisms of community governance and the role of smart communities in fostering resilience. Finally,
the conclusion highlights the importance of strengthening smart local communities and ensuring their integration
into decision-making processes as a strategy to enhance climate disaster resilience.

2. Theoretical Background

This section introduces the concept of smart communities and their role in urban resilience, followed by a
conceptual framework to analyze how these communities’ function in Porto Alegre, particularly during the 2024
floods. Finally, we provide an overview of the city's geographic and historical background, highlighting the factors
that influence its governance and disaster response strategies.

2.1 Smart community and Climate Disasters

Smart communities, an extension of smart cities, focus on collaborative governance, technological integration, and
social resilience, especially in the face of urban challenges like climate disasters. Unlike traditional top-down
governance models, smart communities prioritize citizen engagement, participatory decision-making, and
decentralized problem-solving (Komninos, 2013; Craig et al., 2004). Smart communities leverage technology and
local resources to enhance governance and community well-being, playing a critical role in building urban
resilience during climate disasters (Ahvenniemi et al.,, 2017). They also function as microcosms of larger urban
ecosystems, subdividing cities into smaller, interconnected networks that facilitate more efficient governance and
localized problem-solving (Tang, 2022).

Instead of depending exclusively on top-down government policies, smart communities promote a participatory
approach that enhances local governance, improving urban planning, and social cohesion (Bartoletti & Faccioli,
2016). In this sense, smart communities operate through intersectoral collaboration, promoting active citizen
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participation in decision-making, public service monitoring, and direct engagement with government agencies
(Alawadhi et al., 2017).

O'Toole et al. (2010) reinforce that community governance flourishes when residents feel a sense of ownership
and collective responsibility, making them key actors in shaping local policies and ensuring that resources are
allocated effectively. In this context, smart communities thrive when supported by strategic collaborations with
local governments and other entities, ensuring that services align with the specific demands of the population.
These partnerships enhance the adaptability of governance models, making policies more responsive to evolving
social and environmental challenges. Differ than functioning independently, smart communities work alongside
existing governance structures, using citizen participation and technology to enhance decision-making (Bowles &
Gintis, 2002). Instead of replacing governments or markets, they act as interconnected actors that reinforce
governance through collaboration. O'Toole & Burdess (2004) expand on this argument, showing that when local
governance structures actively encourage community participation, residents and organizations take on a more
proactive role in shaping and delivering public services.

Smart communities rely on social capital, fostering trust between citizens and institutions, which is essential for
effective governance during crises (Hautekeur, 2005). However, the sustainability of these governance models is
not always guaranteed. While self-organized communities enhance urban resilience, particularly through organic
adaptation strategies, their long-term success depends on alignment with formal governance structures (Marasco
etal.,, 2022). Nam & Pardo (2011) point out that maintaining adaptability is a growing challenge, as communities
must continuously evolve with technological advancements, ensuring that residents can fully engage with and
benefit from smart governance structures.

Yet, the reality is that many community-driven initiatives struggle to sustain long-term engagement. Farmer et al.
(2015) argue that despite initial enthusiasm, many of these efforts face significant challenges in translating
participation into lasting structural changes. One of the key barriers is the lack of integration with formal
governance structures, which can result in community-led solutions being overlooked or failing to gain
institutional support. Without clear mechanisms for long-term implementation, mobilizing local actors can lead to
frustration and disengagement. Berardi (2013) and Alawadhi et al. (2012) echo this concern, showing that while
smart communities represent an evolution of social governance, their effectiveness depends on a continuous
process of innovation, adaptation, and institutional backing.

Despite these challenges, smart communities play a key role in urban governance, especially in disaster scenarios
like the 2024 floods in Porto Alegre, where institutional inefficiencies hinder rapid response (Phong & Shaw, 2009).
In developing countries like Brazil, issues such as fragmented governance, limited digital infrastructure, and a lack
of coordinated response mechanisms often exacerbate the impacts of climate disasters (Mutiarni et al., 2022).
Community-led adaptation strategies, such as those seen in Indonesia — a country frequently impacted by climate
disasters — have been shown to improve disaster mitigation and post-crisis recovery by formally recognizing and
supporting local climate action efforts (Azizi et al., 2022). Moreover, Parvin etal. (2023) emphasize that addressing
climate risks effectively requires expanding collaboration beyond government agencies, incorporating a diverse
network of stakeholders, including local communities, private organizations, and international institutions.

A key element of disaster-resilient smart communities is the integration of ICT-based communication systems,
which allows for real-time information sharing and enhanced coordination between citizens and public authorities
(Pereira et al., 2017). Communities with well-established governance structures and active digital platforms are
often more effective at mitigating disaster risks and accelerating recovery efforts (Janssen, Charalabidis, &
Zuiderwijk, 2012). However, technology alone is not enough — without strong social cohesion and well-structured
governance models, digital solutions may fail to achieve their full potential in crisis situations. Reardon & Forester
(2015) illustrate this risk through the example of post-Katrina New Orleans, where institutional efforts to increase
urban resilience ultimately resulted in the exclusion of vulnerable communities from the recovery process,
reinforcing socioeconomic disparities rather than reducing them. This case presents the importance of ensuring
that smart governance frameworks prioritize inclusivity, preventing marginalized groups from being left out of
resilience-building efforts.

The intersection between smart governance and climate resilience highlights the need for cross-sector
collaboration, particularly in urban contexts where government agencies, NGOs, local businesses, and community
representatives must work together to strengthen disaster preparedness (Reardon & Forester, 2015). Tedong &
Zyed (2021) further emphasize that communities serve as the foundation of sustainable urban development,
reinforcing the idea that resilient communities are essential to the long-term success of smart city initiatives. The
case of Porto Alegre provides an opportunity to explore how smart communities emerge in times of crisis, offering
insights into both their strengths and the challenges they face when integrating community-led initiatives with
formal governance frameworks.
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2.2 Conceptual Framework for Smart Communities in Porto Alegre

Building on existing theoretical perspectives, this study applies a previously developed conceptual framework to
analyze how communities in Porto Alegre develop and function as smart communities. This framework offers a
relevant foundation for understanding the governance mechanisms and institutional responses that shape their
evolution. Illustrated in Figure 1, the model is grounded in insights from 25 in-depth interviews conducted with
community leaders, community social center personnel, citizens, entrepreneurs and consultants, and city hall
representatives. Its primary objective is to map the interactions between community-driven governance
mechanisms and institutional response strategies, providing a structured perspective on how these communities
emerge, evolve, and establish smart governance practices.
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Fig. 1 - Figure caption. Smart Community Framework (Lopes et. al.,2024)

This framework presents how communities address local challenges, filling communication gaps and
compensating for inefficiencies in government action. These communities are not formed arbitrarily; rather, they
emerge as individuals come together, building networks to draw attention to pressing issues, advocate for public
services, and, in some cases, bypass bureaucratic barriers to implement solutions themselves.

The framework reveals the diverse roles that smart communities play — not just as spaces for collaboration,
resource sharing, and civic engagement, but also as meeting points that foster local innovation. Participants
express a shared need for governance structures that are more inclusive and responsive, where citizen input is not
only acknowledged but actively incorporated into decision-making processes. Over time, these communities
establish credibility, making it harder for institutions to overlook their demands.

The proposed framework seeks to understand how communities become smart, shedding light on the mechanisms
that allow a group of individuals to self-organize, communicate, and advocate for solutions that address local
challenges. Ideally, once a community identifies its needs, leaders engage directly with local representatives, such
as city councilors, to push for improvements, facilitating dialogue and resource allocation. However, if direct
engagement with government structures remains ineffective over time, communities seek alternative channels —
whether through city council representatives, local media, or the legislative chamber — to escalate their concerns.
In certain cases, organized demonstrations, advocacy campaigns, or legal actions are necessary to ensure that
institutional actors acknowledge and respond to their demands.

This model, grounded in the data collected, portrays a pragmatic vision of smart communities—one that is not
solely focused on long-term structural change but also on the capacity to address recurring challenges through
collective action and strategic partnerships. In the Section 4, we explore how this structure operates in the context
of climate disasters, examining the role of smart communities in mitigating risks and enhancing local resilience.

2.3 Porto Alegre’s geographic and historical context

Porto Alegre, the capital of Rio Grande do Sul, is Brazil’s southernmost state, bordering Uruguay and Argentina.
Founded in 1772 as a strategic port city, it quickly became an economic and political hub, shaped by waves of
European immigration that played a central role in the city’s urban development and social fabric (Constantino,
1998). German, Italian, Portuguese, and other immigrant communities settled in distinct neighborhoods,
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establishing businesses, industries, and civic institutions that contributed to the city's economic growth and
cultural identity. Over the decades, Porto Alegre has distinguished itself as a leader in participatory governance,
particularly through its internationally recognized Participatory Budgeting (PB) initiative, which has influenced
urban management models worldwide (Baiocchi, 2003; Goldfrank, 2011).

Geographically, Porto Alegre is located along the Guaiba River, a defining feature that has historically shaped its
economy, infrastructure, and urban expansion. However, this proximity to a vast hydrographic system also makes
the city highly susceptible to flooding, a vulnerability that has been exacerbated by rapid urbanization, insufficient
drainage infrastructure, and climate change effects (Rozer, Vogel, & Costa, 2021). The topography of the city,
characterized by low-lying areas interspersed with hills, further complicates flood management, with several
neighborhoods frequently experiencing inundation during extreme weather events (Silveira, 2023).

Historically, Porto Alegre has faced severe flooding events, with two particularly significant disasters shaping
urban resilience strategies. The 1941 flood was one of the most catastrophic in the city’s history, when extreme
rainfall caused the Guaiba River to rise to an unprecedented 4.75 meters, submerging large parts of the city,
including its downtown area. Nearly 70,000 people — approximately 26% of the city's population at the time—
were displaced, and a third of the city’s businesses and industries wereaffected (Silveira, 2023). The flood lasted
approximately 40 days, marking it as one of the most extreme climate events recorded in southern Brazil. In
response, authorities implemented structural flood control measures, culminating in the Porto Alegre Flood
Protection System, completed in 1974, which includes a network of levees, pumping stations, and the controversial
Maua Wall, built along the waterfront to prevent future disasters (Guimaraens, 2009).

Despite these structural interventions, Porto Alegre continues to face significant flood risks. As highlighted by
Valenti, Rolim & Rocha (2012), the city is particularly vulnerable due to its low altitude, with an average elevation
of 4 meters above sea level, making floodwaters harder to control. The hydrographic system of Porto Alegre is
complex, with the Guaiba River receiving water from four major tributaries — the Jacui, Sinos, Cai, and Gravatai
Rivers — which significantly increases runoff volume during heavy rainfall events. Moreover, the
impermeabilization of urban surfaces due to rapid expansion has further reduced natural drainage, exacerbating
flood impacts.

The 2024 floods, one of the most devastating climate disasters in the city’s recent history, reinforced these
concerns (WMO, 2024). As seen in previous flood events, community-led initiatives played a critical role in
response and recovery, stepping in where governmental structures faced delays or inefficiencies. The disaster
renewed urgent discussions on urban resilience and disaster governance, emphasizing that while Porto Alegre has
a history of participatory governance, its institutional framework and infrastructure must continue evolving to
address increasing climate risks.

Given Porto Alegre’s historical legacy of civic participation and its ongoing exposure to climate risks, it serves as
an important case to analyze the role of smart communities in disaster resilience. Understanding how grassroots
networks interact with formal governance structures allows for a broader discussion on disaster preparedness,
crisis management, and long-term climate adaptation strategies.

3. Research Method

This section outlines the methodological approach used in the study, applying qualitative research frameworks to
explore governance within smart communities. The methodology follows Arksey and O’Malley (2005) and Godin
etal. (2015), integrating literature reviews, semi-structured interviews, and grey literature analysis to explore how
smart communities respond to climate disasters. The research examines smart community responses to the 2024
floods in Porto Alegre, structured into five phases: 1) Analysis of a previously developed conceptual framework on
how communities become smart. 2) A systematic literature review to establish a theoretical foundation on smart
communities and climate resilience. 3) First-hand observation of the 2024 floods and how smart communities
mobilized during the crisis. 4) Reanalysis of semi-structured interviews with diverse stakeholders conducted
before the disaster, and 5) a scoping review of grey literature and secondary data sources to further understand
institutional responses and governance gaps. Each phase contributed to a deeper understanding of how
community-driven governance mechanisms operate before, during, and after climate disasters. The combination
of multiple qualitative research methods allowed for a comprehensive analysis, ensuring methodological rigor
while capturing the complexity of smart community dynamics in crisis contexts.

3.1 Research design

This study employs a qualitative approach to examine governance dynamics within smart communities in Porto
Alegre. Since this study aims to understand how communities mobilize, organize, and interact with governance
structures, qualitative methods offer the depth needed for an in-depth exploration (Pozzebon, 2004). However,
considering the use of secondary data and the scoping review of grey literature, the study also integrates elements
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of a mixed-methods approach, allowing for a broader analysis that includes policy reports and institutional
documents.

The study builds upon a pre-existing conceptual framework, presented in 2.2, (Lopes et al., 2024) that explores
how communities adopt governance practices and use technology to engage with public authorities and other
stakeholders. This framework serves as a reference for analyzing the governance structures of smart communities
in Porto Alegre.

Following this, a systematic literature review was conducted to strengthen the theoretical foundation on smart
communities and climate disasters. The review followed Ridley's (2012) methodology, involving the selection and
organization of relevant studies, the interpretation of key texts, and the synthesis of findings in alignment with the
research objectives. The search focused on the terms "smart community” and "climate disasters” in the Scopus
database, yielding 24 relevant academic sources, which were analyzed and integrated into the study.

3.2 Data collection

To better understand governance mechanisms in smart communities, we conducted semi-structured interviews,
which provided flexibility for open-ended responses while ensuring comparability across participants (Benz &
Eberlein, 1999). Given the complexity of governance structures, we adopted a multi-level approach to capture
diverse stakeholder perspectives.

We conducted 25 interviews in Porto Alegre over two months in 2023, focusing on governance in climate-related
contexts. A total of 23 interviews were selected for analysis. Participants were chosen based on their involvement
in Community governance and their ability to provide insights into how smart communities function during crises.
The selected interviews included representatives from four primary groups: a) Community leaders who organize
and advocate for local initiatives, b) community collaborators who work within these communities, often sharing
the same values and goals, c) community members who actively participate in governance and neighborhood
associations, and d) local government representatives responsible for urban policies and disaster response efforts.

Interview sessions lasted between 40 and 100 minutes and were recorded with participant consent. The
discussions focused on how smart communities interact with public authorities, coordinate internally, and
organize around collective challenges. The interviews also provided a means of triangulating insights gathered
from literature reviews and document analysis, reinforcing the study’s findings.

Following the floods of May 2024, the lead author conducted additional fieldwork, initially as a volunteer
supporting affected communities. This direct engagement provided an opportunity to observe smart community
dynamics in real-time. Unlike the previous phase, no new interviews were conducted due to the sensitivity of the
situation. Instead, observations focused on identifying how previously studied governance structures adapted in
response to the crisis. Given the scale of the disaster, extensive secondary data was also available from reports
produced by community organizations, local governments, and research institutions.

To complement primary data, a scoping review of grey literature was undertaken, drawing on reports from
international and national institutions, including the World Bank, IBGE, and municipal research centers. Arksey
and O’Malley (2005) note that scoping reviews are particularly useful in emerging research areas where empirical
studies may still be limited. Similarly, Godin et al. (2015) highlight the value of grey literature in bridging academic
research with policy and practice. Our review included policy briefs, governmental documents, and community-
led publications, offering broader institutional perspectives on urban resilience and governance.

3.3 Data analysis

Data was analyzed using qualitative content analysis to identify governance patterns and themes within smart
communities. A deductive coding strategy was applied, drawing from theoretical insights and key themes identified
in the literature (Pozzebon, 2004). All interview recordings were transcribed using the qualitative data software
Transkriptor. The transcripts were then imported into NVivo for thematic analysis, enabling the identification of
central themes and recurring concepts. The analysis followed three stages: 1) Coding of key governance
interactions and smart community structures. 2) Clustering of themes into broader categories aligned with
research questions. 3) Identifying patterns across stakeholder groups to detect trends in governance models. In
parallel, the scoping review of grey literature was analyzed using document analysis techniques to extract relevant
policy insights and governance responses. This allowed us to integrate multiple sources of evidence, further
validating the study’s findings.

The final phase of analysis involved revisiting the conceptual framework to incorporate insights from the case
study. By examining how smart communities in Porto Alegre mobilized before, during, and after the 2024 floods,
the study refined the existing framework, expanding it into a more comprehensive model—Smart Communities
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2.0. This revised model accounts for the practical governance challenges faced by communities in crisis situations,
emphasizing adaptive mechanisms and multi-stakeholder collaboration.

By combining literature review, semi-structured interviews, ethnographic fieldwork, and grey literature analysis,
the study provides a nuanced examination of how smart communities navigate climate disasters. The integration
of these methodological steps ensures that findings are grounded in both theoretical perspectives and empirical
observations, offering valuable insights into the intersection of community resilience and urban governance.

4. Discussion

This discussion synthesizes insights from 23 in-depth interviews with community leaders, local residents, and
government officials, along with documentary analysis, to explore how smart communities responded to the 2024
floods in Porto Alegre. It examines the challenges faced and the role of community governance in enhancing urban
resilience.

4.1 The Porto Alegre 2024 Floods: A Case Study

The May 2024 floods reached unprecedented levels, with the Guaiba River peaking at 5.37 meters at Cais Maua,
surpassing the highest recorded flood in the city’s history by 45 cm (Servigco Geolégico do Brasil [SGB], 2024). The
disaster had a devastating impact on urban infrastructure, exposing Porto Alegre’s vulnerability to climate-related
hazards. The city’s main bus terminal remained closed for a month due to flooding (Prefeitura de Porto Alegre,
2024), while the Salgado Filho International Airport was shut down for over eight months, severely disrupting
mobility, and logistics across the state (Governo do RS, 2024). Additionally, several stations of the Trensurb urban
train system were submerged, interrupting railway connections between the capital and its metropolitan region
for four months. By December 2024, three stations were still closed, further complicating daily commutes for
thousands of residents (Governo do RS, 2024).

The social impact of the disaster was equally severe. More than 377 people remained displaced months after the
event, while many families were relocated through the Compra Assistida program, which provided homes worth
up to R$ 200,000 to those who lost their properties (United Nations, 2024). The destruction of residential areas
was exacerbated by the failure of the Muro da Mauj, a flood protection structure built over fifty years ago. Its
floodgates, designed to prevent water from entering the historic downtown area, failed to seal properly, allowing
extensive inundation in one of Porto Alegre’s oldest and busiest districts (Prefeitura de Porto Alegre, 2024).

Institutional analyses of the event indicate that the flooding was intensified by a combination of the El Nifio
phenomenon and the effects of climate change. El Nifio, characterized by the abnormal warming of Pacific Ocean
waters, disrupts weather patterns, and leads to increased rainfall in southern Brazil (World Meteorological
Organization [WMO], 2024). This scenario underscores the urgent need to strengthen urban resilience by
enhancing local governance mechanisms to mitigate the impact of extreme climate events in the future.

4.2 Communities Becoming Smart Communities in Climate Disasters

The literature on smart communities highlights their ability to self-organize, engage in civic participation, and
collaborate with government institutions and private ones (Komninos, 2013; Hautekeur, 2005). During the 2024
floods, these three characteristics proved essential in disaster response.

Interviewee 1 emphasized that “when a community is organized, it gains political leverage to negotiate directly
with the government — whether to veto projects or demand emergency actions” (Interview 1, 2023). Similarly,
Interviewee 19 noted that, while community organization has weakened in recent years, leaders still manage to
mobilize people more effectively than government agencies in times of crisis (Interview 19, 2023). This
mobilization was instrumental in ensuring the swift implementation of the Compra Assistida housing program,
which provided housing solutions for displaced families (United Nations, 2024). Beyond political advocacy,
structured community networks were key to emergency response efforts. Interviewee 6 stressed that building
partnerships with the government was crucial in securing resources and ensuring assistance reached the most
vulnerable groups (Interview 6, 2023).

The findings align with the DRRS Porto Alegre Report (2024), showing that community-led networks were more
agile than institutional responses, particularly in organizing donations, evacuations, and rescue operations. This
highlights the critical role of community governance in urban resilience during climate disasters. Additionally, the
Prefeitura de Porto Alegre (2024) recognized that many emergency shelters were initially organized by community
groups rather than governmental institutions, demonstrating the power of grassroots mobilization. The
effectiveness of these networks also reflects previous research indicating that well-organized grassroots
communities play a crucial role in disaster governance, particularly when official response systems face delays
(Krongthaeo et al., 2021). The Porto Alegre case reinforces that disaster governance must include community-led
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initiatives as an integral component of urban resilience strategies (Marasco et al., 2022).

4.3 Community Credibility and Trust

The credibility of smart communities was crucial in mobilizing resources and fostering effective engagement with
governance structures, enabling them to act swiftly and effectively during the crisis. According to Hautekeur
(2005), community credibility—the trust communities hold—enables effective interaction with formal
institutions. The trust in community-led mechanisms was evident during the 2024 floods, particularly through
organizations like Fundagdo Cultural Floresta, which coordinated fundraising and distribution of essential goods.
This highlights how strong community networks can complement and even enhance official disaster response
efforts. Meanwhile, the Acdo da Cidadania Sul, a local branch of the national A¢do da Cidadania initiative, was
instrumental in organizing emergency shelters and ensuring food security for displaced residents (A¢do da
Cidadania, 2024).

The long-standing credibility of these organizations played a critical role in their ability to attract donations and
mobilize volunteers, reinforcing the argument that well-established community networks are essential for urban
resilience (Marasco et al, 2022). This supports previous research indicating that communities with strong
credibility can influence public policies and shape disaster response strategies (Craig et al., 2004).

Another key aspect was the role of community spaces as coordination hubs. Interviewee 9 described how
community centers became “meeting points for organizing relief efforts and disseminating critical information”
(Interview 9, 2023). This reflects research suggesting that community spaces act as focal points for collective action
and mutual support during crises (Hautekeur, 2005). One striking example was the Velejadores Solidarios RS, a
sailing group that mobilized boats to rescue stranded families and later shifted to organizing donations of clean
clothes, personal hygiene kits, and pet food for affected communities.

4.4 ICT and Smart Communities

The use of Information and Communication Technologies (ICTs) during the floods showed the potential of smart
governance to improve climate resilience. For example, the interactive mapping platform by the municipal
government helped track flood levels and coordinate emergency actions, demonstrating how ICT can enhance
disaster response (Prefeitura de Porto Alegre, 2024b). Additionally, the ObservaPOA platform provided real-time
data on the most affected neighborhoods, allowing communities to organize relief operations more effectively
(Prefeitura de Porto Alegre, 2024a).

Digital governance research suggests that data-driven decision-making significantly improves crisis management
(Lassa, 2019). Social media also played a critical role in facilitating decentralized coordination during the floods
(Krongthaeo et al., 2021). However, technological solutions alone are insufficient—smart disaster governance
must integrate local knowledge, citizen participation, and institutional support to be effective (Nam & Pardo,
2011). The Porto Alegre case illustrates that pre-established community hubs significantly enhance urban
resilience, accelerating coordination and resource distribution.

4.5 Porto Alegre’s Institutional Coordination and Smart Community Gaps

Despite the effectiveness of community-led networks, several governance challenges were identified. A major issue
was the lack of coordination among different levels of government, which delayed response efforts. The DRRS Porto
Alegre Report (2024) found that there were 3,500 open emergency protocols during the disaster, highlighting
bureaucratic inefficiencies and response fragmentation.In a 2023 interview, a local government representative
acknowledged these difficulties, stating that "there is no alignment between the objectives of secretaries, council
members, and the mayor. Each has their own priorities, with no clear strategy” (Interview 18, 2023). This confirms
findings by Takara (2018) and Meijer & Rodriguez (2016), which highlight administrative fragmentation as a
barrier to adaptive governance.

The breakdown of official communication systems further complicated the response. According to the Prefeitura
de Porto Alegre (2024), the collapse of ICT-based monitoring systems and early warning alerts left many residents
without real-time updates, forcing them to rely on community networks for critical information.

Interviewee 17 recalled that during a smaller flood in September 2023, "Civil Defense came to talk to us, but did
nothing. It was through the internet and community networks that we learned how to respond” (Interview 17,
2023). This sentiment was echoed in the DRRS Porto Alegre Report (2024), which noted that government agencies
lacked real-time situational awareness due to system failures, increasing reliance on informal communication
channels.

Another significant challenge was infrastructure failure, which exacerbated the flood’s impact. The Muro da Maua

Copyright ©2025 by the authors. This conference paper is published under a CC-BY-4.0 license
Page 8 of 14



flood barrier, built over 50 years ago, failed to prevent water from entering downtown Porto Alegre due to
structural weaknesses in its floodgates (Prefeitura de Porto Alegre, 2024). The United Nations (2024) attributed
part of the disaster’s severity to the combination of El Nifio and climate change, highlighting the urgent need for
urban resilience planning.

The Porto Alegre case highlights the need for disaster response strategies that integrate multi-level governance,
community engagement, and resilient digital infrastructure. Institutionalizing hybrid governance models that
include smart community networks is crucial for improving crisis management in the future.

5. The Role of Smart Communities in Disaster Response

The 2024 floods in Porto Alegre presented significant challenges to urban governance and the city's response
capacity. In this crisis, smart communities played a critical role in mobilizing resources, advocating for political
action, and providing emergency support, effectively filling the gaps left by institutional responses. This experience
reinforces the importance of community-driven governance models in strengthening resilience, fostering local
coordination, and building trust networks (Hautekeur, 2005).

During the disaster, citizen-led initiatives proved essential in mitigating damages and organizing recovery efforts.
Community-led mapping efforts utilized georeferenced tools to identify the hardest-hit areas, ensuring the efficient
allocation of resources and prioritizing aid distribution. (Prefeitura de Porto Alegre, 2024a). Additionally,
emergency relief coordination — largely driven by collaborative networks and social media — enabled faster
distribution of food, medical supplies, and temporary shelter to displaced individuals (United Nations, 2024). In
the aftermath of the floods, volunteers organized large-scale cleanup efforts, removing more than 13,000 tons of
debris, demonstrating the power of collective action in disaster recovery (Prefeitura de Porto Alegre, 2024b).

The effectiveness of these community-driven responses not only helped alleviate the immediate crisis but also
highlighted structural governance deficiencies that complicated disaster management. Local governments faced
logistical and bureaucratic barriers, a common issue in Latin America, where institutional fragmentation hampers
public sector efficiency (O’'Toole & Burdess, 2004). The Porto Alegre case exemplifies this issue, revealing the
urgent need to strengthen coordination between governments and communities to ensure a more agile and
integrated response to future disasters. Based on the 2024 flood experience and insights from interviews, we
identified three layers of community governance that played a pivotal role in disaster response:

Internal Community Dynamics - Autonomous grassroots networks that organize self-managed crisis responses,
mobilizing resources and providing immediate support independently of government agencies.

Intermediary Actors - Social organizations, entrepreneurs, and non-profits that act as connectors, bridging the gap
between communities, institutional resources, and the private sector to enable decentralized yet effective
solutions.

Government Interaction and Institutional Support - Public policies and listening mechanisms that foster
community engagement, reduce bureaucratic hurdles, and integrate grassroots efforts into official disaster
response strategies.

These interconnected layers demonstrate the need for hybrid governance models, combining digital technologies,
community engagement, and coordinated public policies, to build resilient urban environments capable of
responding to climate crises (Reardon & Forester, 2015). Learning from the 2024 floods, we propose an updated
Smart Communities Framework (Smart Communities 2.0) that integrates governance and technological
innovations to enhance urban resilience (see Figure 2).
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Fig. 2 - Smart Community Framework 2.0 (Created by the authors)

The evolution of Smart Communities as a concept is crucial for understanding their role in climate resilience. The
Smart Communities 2.0 Framework aims to define how these networks function as key resilience-building actors,
ensuring that climate-vulnerable cities are better equipped to withstand extreme events. This model is based on
systematic literature review, qualitative interviews, fieldwork observations, and institutional reports, reinforcing
the idea that decentralized governance structures are essential for disaster management.

Despite the proven effectiveness of community-led responses, there is still a significant gap in institutional policies
recognizing and integrating smart communities as legitimate urban planning stakeholders. The Porto Alegre case
illustrates this disconnect, while institutional responses were slow and fragmented, community-led initiatives
were rapid, well-coordinated, and highly effective, forming support networks and accelerating recovery efforts.
This finding highlights the importance of incorporating decentralized, participatory models into crisis governance,
reducing the sole dependence on state agencies, and strengthening civil society’s response capacity.

In the Latin American context, where challenges like inadequate infrastructure, social inequality, and political
instability amplify the impacts of climate disasters, adopting the Smart Communities 2.0 Framework represents a
transformative step forward. This model not only addresses immediate disaster response needs but also provides
structural, long-term solutions, integrating technology, governance innovation, and community networks to create
cities that are more resilient and prepared for future climate risks.
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6. Final remarks

The 2024 floods in Porto Alegre underscored the crucial role of smart communities in resource mobilization,
emergency response, and urban recovery. While institutional responses faced logistical and bureaucratic
challenges, community networks proved to be more agile and effective, reinforcing the importance of decentralized
governance in crisis scenarios. The collaboration between citizens, intermediary actors, and government agencies
was crucial in mitigating the disaster’s impacts and ensuring direct assistance to affected populations.

This study emphasizes the importance of the Smart Communities 2.0 Framework, illustrating how hybrid
governance models can enhance urban resilience and better equip cities to respond to future climate disasters.
Porto Alegre serves as a real-world case study that bridges theory and practice in the fields of adaptive governance
and disaster management. Additionally, this research contributes to the broader discourse on smart governance,
multi-level governance, and social innovation, offering new perspectives on the role of communities in crisis
management.

Based on these findings, governments must institutionalize smart communities in disaster response, ensuring
direct access to resources, information, and decision-making processes. This requires the development of formal
support mechanisms, ensuring that community networks have direct access to resources and information.
Moreover, policies promoting digital infrastructure and real-time communication are vital to empowering
community-led responses and improving disaster preparedness. Advancing decentralized governance, where
communities have greater autonomy in coordinating local responses, can reduce over-reliance on state
intervention and foster more resilient cities.

This study has some methodological limitations, including the lack of post-flood interviews, which could offer
further insights into the long-term impacts of community-led governance. Additionally, quantitative research is
needed to measure how smart communities contribute to urban resilience. Future studies should explore
comparative analyses between Porto Alegre and other Latin American cities facing similar climate challenges to
validate the framework in diverse contexts.

Another crucial area for further research is the vulnerable communities residing in high-risk areas, such as
riverside settlements and hillside neighborhoods. Many of these groups faced forced displacement and difficulties
in resettlement, exposing critical gaps in urban planning and disaster preparedness. Understanding how these
communities organized themselves, accessed emergency support, and navigated institutional responses would
provide valuable insights for developing more effective policies to prevent similar crises in the future.

In conclusion, this study emphasizes that urban resilience requires a collective effort, where governments,
communities, and technologies collaborate to enhance disaster preparedness and recovery. The experience of
Porto Alegre demonstrates that organized communities are strategic actors in disaster response. If cities aim to be
better prepared for climate crises, they must embrace new governance models that balance citizen participation,
technological innovation, and institutional support. Resilience is not just a theoretical concept, it is a practice built
collectively.
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Appendix A

What is your vision regarding the 4th District development process?

What short-term and long-term results are expected with the implementation of +4D?

Are there specific strategies to promote social inclusion and generate employment for citizens?
How is the local community involved in the development process?

Are there specific forums or channels for residents' participation in decision-making?

How does the program collect feedback and address the needs of residents?

What are the transparency and accountability mechanisms to inform residents about decisions and allocated
resources?

[s there any incentive to encourage civic engagement among residents?
What is the role of civil society in district planning?

What are the main benefits for the government in actively including communities (small governance) in Master
Plans?

How are challenges of representativity and diversity addressed when including these communities in
governmental planning processes?

What are the main barriers faced by citizens when trying to participate in these plans and solutions?

What is the importance of ongoing collaboration between the government and communities in building "smart
city" strategies?

Should there be a more consistent approach to active public listening in the development of these plans?

How do you anticipate the evolution of citizen participation considering innovations, not only in data collection
but in general collab?

How does the government establish contact and involve these groups in the development of these plans?
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