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Executive Summary 
Flood resilience remains a critical challenge in the Global South, where climatic volatility intersects 

with persistent institutional, social and financial vulnerabilities. Despite the availability of 

sophisticated resilience frameworks from the Global North, their direct transfer often leads to a 

resilience deadlock, where implemented strategies fail to yield durable or inclusive outcomes. This 

thesis investigates the root causes of this deadlock by applying a paradox lens, uncovering how 

contradictory logics contribute to fragmented and short-lived resilience outcomes. The study 

employs the Dynamic Equilibrium Model (Smith & Lewis, 2011) to examine how flood resilience in 

the Global South can embrace paradoxes. To assess the research problem, this study explores the 

following overarching research question: 

 
“In what ways do and can the paradoxes of frugal innovation influence flood resilience in the 

Global South?” 

 
 

At the heart of this research lies the proposition that paradoxes of frugal innovation influence flood 

resilience by demanding coordination between competing stakeholders in changing environments. 

Therefore, To deepen the exploration of how paradoxes of frugal innovation influence flood 

resilience in the Global South, the research question was developed through three sub-questions, 

each aimed at uncovering the nature of these paradoxes, their implications for resilience outcomes 

and their entanglement within governance fragmentation. This approach enabled a nuanced 

understanding of how tensions arise between frugal innovation and capital-intensive models 

typically favored in conventional planning. Moreover, these paradoxes are not merely abstract; they 

emerge tangibly in the field as misalignments between actors, priorities and systems, particularly 

within informal or under-resourced settings of the Global South. The research shows that such 

tensions can either obstruct or catalyze resilience-building depending on how they are addressed, 

with neglect often resulting in delayed or poorly adapted solutions, while constructive engagement 

can foster learning, compromise and innovation. Furthermore, it reveals that governance 

fragmentation, expressed through overlapping mandates, poor coordination and unclear roles, 

exacerbates these paradoxes by impeding institutional alignment and coherent responses.  

Figure 34 : Short vs. Long Term Planning Relations 
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This thesis then employs an exploratory qualitative research design to investigate the research topic. 

Exploratory qualitative research seeks to delve into complex, underexplored phenomena where 

limited existing knowledge demands a more open-ended and interpretive approach. Accordingly, a 

multifaceted methodology was adopted to unpack the intricacies of the research question, 

beginning with a detailed problem definition, the establishment of clear objectives, and a 

determination of the study's scope. The research was initiated with an extensive literature review 

that provided the theoretical basis for examining flood resilience, frugal innovation, and paradox 

theory, especially in the context of the Global South. This review helped surface the existing gaps in 

resilience governance, particularly in the transfer of technocratic frameworks and the under-

theorized role of paradoxes. Building on this foundation, the study conducted twenty exploratory 

semi-structured interviews with stakeholders across academic institutions, governmental bodies, 

private consultancies, and international missions. These participants were selected for their 

expertise and geographical diversity, with contributors from Brazil, India, Tanzania, Indonesia, China, 

the Netherlands, the United States, and beyond, offering a rich cross-continental view of flood 

resilience dynamics. Many of these interviewees were directly involved in or familiar with the 2024 

floods in Rio Grande do Sul, Brazil, providing grounded insights into the implementation challenges 

and institutional responses. The interviewees were classified into five thematic categories to 

systematize the diversity of expertise and perspectives. The qualitative data gathered from these 

interviews were then meticulously analyzed through a grounded theory-inspired approach using 

Atlas.ti software. The analysis followed an abductive coding sequence: open coding to distill raw 

insights, axial coding to identify relationships among emerging themes, and selective coding to distill 

broader conceptual patterns. 

This process culminated in the development of a governance-sensitive model upholding flood 

resilience. Through iterative interplay between data and theory, the study constructed a legitimacy-

centered framework explaining how frugal innovation efforts are influenced by governance 

structures, institutional fragmentation and the interplay of paradoxes. Central to this framework is 

the concept of Legitimacy Convergence, a construct developed inductively through this study’s 

grounded theory approach and expert interviews, which posits that for frugal innovations to move 

beyond isolated, small-scale interventions and become sustainable components of long-term flood 

resilience planning, they must simultaneously attain four interconnected forms of legitimacy: 

technical, institutional, financial and social. The research finds that legitimacy in one dimension 

cannot compensate for the absence of others; instead, it is the convergence of all four that creates 

the institutional conditions necessary for transformative adaptation. When any one domain is weak, 

such as when technical models are robust but lack community support, or when financial resources 

exist without institutional coordination, frugal innovations risk remaining marginalized or short-

lived. By identifying the interdependencies between these legitimacies and illustrating how they can 

be fostered even within fragmented governance contexts, this framework provides a practical and 

theoretically grounded roadmap for integrating frugal innovation into holistic flood resilience 

planning across the Global South. 

Figure 34 : 4 Legitimacies 
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From Author (2024) 

The discussion then moves on to explores how governance structure fundamentally shapes the long-

term viability of flood resilience. The analysis of Brazil’s 2024 flood in Rio Grande do Sul illustrates 

how the dissolution of national coordinating bodies and the absence of a dedicated institutional 

framework have led to fragmented governance, reactive decision-making along with lesser asset 

maintenance. This institutional void has weakened the ability to plan and implement resilience 

strategies across municipal boundaries, thus resulting in short-term fixes rather than sustained 

adaptation. Without a mechanism to foster legitimacy over time the resilience landscape remains 

vulnerable to political cycles and misalignment. In contrast, this study also highlights the Odisha 

Model as a clear example of legitimacy convergence, where frugal innovation has been successfully 

integrated into formal governance structures through the alignment of the 4 Legitimacies. Odisha’s 

approach, rooted in decentralized infrastructure and community engagement, demonstrates how 

resilience efforts gain long-term traction when legitimacy is secured across these interdependent 

domains. This convergence can thus enable frugal, scalable solutions to evolve beyond isolated pilot 

initiatives and become embedded within broader, durable flood adaptation strategies.  

The thesis also introduces a conceptual shift from understanding flood resilience as the cyclical 

Deadlock of Flood Resilience to viewing it as a system of mutually dependent legitimacy dimensions. 

Whereas this first modelling attempt characterized flood governance in the Global South as a 

sequence of failures, where short-term responses, institutional fragmentation and socio-geographic 

constraints reinforce one another, the 4 Legitimacies Framework reconceptualizes resilience as an 

emergent outcome of dynamic interdependencies. The 4 Legitimate must be achieved concurrently, 

as resilience efforts falter when any single dimension is underdeveloped. This redefinition becomes 

particularly salient in post-disaster contexts, where legitimacy dimensions fluctuate over time. This 

dynamic process is illustrated in Figure 45, which depicts how legitimacy domains shift in response 

to a flood event and evolve across the long-term planning horizon. The diagram demonstrates that 

while technical legitimacy may be prioritized immediately following a disaster, institutional, financial, 

and social legitimacy require time and coordination to converge. By adopting a dynamic and 
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paradox-informed governance perspective, the framework acknowledges that legitimacy must be 

constantly rebalanced rather than permanently resolved, reflecting the evolving tensions inherent 

to managing resilience in complex and politically sensitive environments. 

Figure 44 : Dynamic Nature of Flood Resilience 

 

From Author (2024) 

While this study offers valuable insights into the paradoxes of frugal innovation and the role of 

legitimacy in flood resilience governance, it is not without own limitations. The deductive framing 

of interview questions may have shaped interviewee responses, potentially constraining the 

emergence of unanticipated opinions. Additionally, the reliance on experts risks institutional bias 

and the absence of a mixed-methods approach limits the generalizability of findings. The study also 

faced constraints in its scope, given the complexity of the topic and the limitations inherent to a 

master’s thesis; with limited exploration of informal governance dynamics. These limitations point 

to several avenues for future research, including more granular investigations of bureaucratic 

structures, more comparative studies across Global North and South contexts and finally critical 

evaluations of international aid and policy transfer. Further work could also benefit from 

incorporating mixed methodologies and broader stakeholder perspectives to enhance the analytical 

depth and applicability of its resilience frameworks. 
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1 Introduction  
This chapter aims to set the context of the study by providing background information, identifying 

the research problem, and defining the research questions. It also introduces the key concepts, 

outlines the research objectives, and defines the scope and relevance of the study, concluding with 

an overview of the report’s structure. 

1.1 Background 

Flood resilience has become an increasingly critical aspect of global sustainability, driven by the 
escalating frequency and inclemency of weather events. The effects of these climate change-
exacerbated events disproportionately burden resource-constrained communities, frequently 
causing severe economic, social, and environmental damage (Takin et al., 2023). This reality is 
especially pronounced in the Global South, where flood-prone regions frequently lack the 
infrastructural resilience and governance frameworks required to promote the management of 
flood risks effectively (Nur & Shrestha, 2017). The Global North has a long history of pioneering flood 
resilience frameworks, developing approaches that reflect a technocratic perspective on addressing 
flood contingency. This can be attributed to the Global North's access to robust economic resources, 
advanced technology, and established governance structures, which in part originated from the 
legacy of colonial relations that disproportionately benefited the Global North at the expense of the 
Global South (Lindersson et al., 2023). These frameworks, with their heavy reliance on large-scale 
infrastructure like levees, dams, and drainage systems engineered to control water flow and protect 
urban and rural areas, often fail to sufficiently consider the local contexts, sociocultural dynamics, 
and resource limitations of the less developed regions (Nur & Shrestha, 2017). Consequently, these 
frameworks struggle to translate effectively, leading to suboptimal outcomes and perpetuating 
inequitable development. 

The Global South, by contrast, faces distinctive challenges when adopting these resilience 
frameworks developed in the Global North. With socio-economic and geographic complexities that 
differ significantly from their Northern counterparts, many regions in the Global South encounter 
barriers to effectively implementing large-scale technocratic solutions imported from the developed 
world (Chatterjee & Chattopadhyay, 2020). For example, fragmented governance structures, 
financial limitations, and the general; lack of community involvement in decision-making processes 
contribute to significant gaps between existing frameworks and local community needs (Yasmin et 
al., 2019). This gap more often than not results in a paradoxical situation: while frameworks from 
the Global North provide a template for resilience, they frequently overlook the socio-economic, 
political, and environmental nuances specific to communities in the Global South (Raub et al., 2024). 
The resulting misalignment fosters a deadlock in resilience efforts, as solutions that work well in 
developed contexts may become unsustainable or even counterproductive when transferred 
directly to developing regions. 

In addition to that, the implementation of flood resilience frameworks highlights an inherent 
tension between technocratic, expert-driven solutions and community-based, locally developed 
practices and knowledge, at times drawing upon traditional relationships with water, its course, and 
the natural environment in general (Takin et al., 2023). Moreover, These frameworks are often 
centralized, relying on expertise and advanced infrastructure that may be inaccessible in low-
resource settings. Additionally, this technocratic approach often sidelines essential socio-
geographic considerations, such as community participation, cultural practices, and the role of local 
knowledge in disaster response (Yasmin et al., 2019). Without involving communities, resilience 
efforts may miss critical insights that could enhance their relevance and adaptability. This disconnect 
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underscores a need to balance expert-led strategies with locally grounded approaches, aligning 
flood resilience practices with the complex realities of affected communities. 

In light of these challenges, frugal innovation has emerged as a promising alternative to more 
technocratic flood resilience strategies (Loggia et al., 2020). Represented by nature-based and 
adaptive, low-cost solutions, frugal innovation emphasizes simplicity, accessibility, and community 
involvement (Bhatti & Ventresca, 2013). This approach has gained traction as an adaptive strategy 
that can complement or in some cases even replace traditional infrastructure-heavy frameworks, 
particularly in contexts where resources are limited and governance is fragmented. Frugal 
innovation also focuses on core functionality, often leveraging local knowledge and natural systems 
to create resilient communities without the need for extensive financial or technical investment 
(Bhatti & Ventresca, 2013). By drawing from local expertise and prioritizing social relevance, frugal 
solutions present a potential pathway toward overcoming the deadlock of flood resilience in the 
Global South (Nelson et al., 2020). Given this context, this research explores how a balance between 
technocratic frameworks and frugal, context-specific solutions might be achieved. To achieve such, 
this study moves to adopt a paradox perspective based on the work of Smith and Lewis (2011) in 
order to investigate how the contrasting approaches of technocratic solutions from the Global North 
and frugal innovations tailored to local realities in the Global South can be reconciled to promote 
effective and sustainable flood resilience. 

1.2 Problem Definition 

Achieving sustainable flood resilience in the Global South has long been a complex challenge due to 
the inherent limitations of current frameworks, primarily developed in the Global North during the 
20th century (Loggia et al., 2020). These frameworks are typically technocratic in nature, relying 
heavily on engineered infrastructure, standardized procedures, and centralized decision-making 
processes. While these approaches are effective in high-resource settings, they often fail to align 
with the socio-geographic realities of the Global South. Here, local communities face unique 
economic, cultural, and environmental constraints that can render these imported solutions 
ineffective or unsustainable ((Nur & Shrestha, 2017). This research identifies a significant paradox 
in flood resilience efforts: technocratic frameworks offer structured, scalable solutions aimed at 
technical efficiency and large-scale impact, yet these frameworks often lack the adaptability 
required for diverse, resource-constrained settings, resulting in a 'one-size-fits-all' approach that 
fails to address specific local needs (Loggia et al., 2020). This can, in turn, lead to a gap between the 
intended effectiveness of these frameworks and the actual resilience outcomes offered towards 
vulnerable communities, where root vulnerabilities and socio-economic limitations remain 
unaddressed and often relegated (O’Brien et al., 2012). 

In contrast, frugal innovation offers a promising alternative that leverages local knowledge and 
affordable, adaptive solutions to bridge this gap. This approach emphasizes simplicity, cost-
effectiveness, and social relevance, aligning with the unique socio-economic conditions of the 
Global South. Yet, frugal solutions may face challenges if they remain isolated, lacking the broader 
support needed to sustain long-term impact (Hossain, 2021). This tension ultimately contributes 
towards the ongoing deadlock in flood resilience efforts within the Global South, where 
communities are caught between rigid technocratic frameworks and highly localized, frugal 
innovations—neither of which, on their own, provide a comprehensive solution (Yasmin et al., 
2019). This research aims to address the deadlock in flood resilience efforts by examining how the 
contradictory elements and challenges presented can be tackled using frugal innovation as a 
standalone solution or in combination with technocratic approaches. To do so, this study will utilize 
a paradox perspective as the primary framework to identify compromises and synergies between 
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these contrasting strategies in order to attain long-term, sustainable flood resilience (Smith & Lewis, 
2011). The aim here is to explore the potential for a balanced approach that respects the complex 
socio-economic realities of the Global South, while taking into account the structural robustness 
often prioritized in technocratic frameworks. By identifying the limitations and barriers inherent in 
each approach, this study hopes to lay the groundwork for exploring how a compromise might be 
achieved through a paradox perspective, allowing competing demands to coexist and complement 
each other to help vulnerable communities attain sustainable flood resilience amid increasingly 
extreme climate condition (O’Brien et al., 2012). In doing so, the research shall contribute to a 
deeper understanding of how resilience can be shaped to truly meet the needs of these 
communities, balancing and compromising global standards with locally adaptive solutions. 
Furthermore, the insights gained from exploring this balanced approach can inform resilience 
strategies in the Global North, where the mounting climatic challenges of the 21st century and a 
growing emphasis on integrating nature within flood resilience frameworks call for more adaptive 
and inclusive solutions (Raub et al., 2024). 

Figure 1:  Alternative Pathways to Flood Resilience 

 
 From Author (2024) 
 

1.3 Relevance of the Research 

Flood resilience in the Global South represents one of the most urgent and complex challenges in 
climate governance today. While international frameworks often promote standardized, 
technocratic solutions, many communities lack the institutional stability, financial resources and 
social structures to adopt and further sustain them. At the same time, local responses rooted in 
frugal innovation, low-cost, resource-conscious and socially grounded, are often dismissed or 
inadequately supported at every level. This disjuncture reveals a critical gap in how we understand 
and manage resilience. This research takes on this challenge by examining flood resilience through 
the lens of paradoxes, persistent tensions that cannot be solved outright but must be navigated and 
managed over time. Drawing from paradox theory, the study then frames flood resilience not as a 
matter of choosing between competing approaches, but as a process of coordinating between 
them. At the heart of this investigation is the idea that paradoxes of frugal innovation influence 
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flood resilience by demanding coordination between competing stakeholders in changing 
environments. This framing highlights the constant negotiation between short- and long-term goals, 
formal institutions and informal actors, centralized expertise and local knowledge. What makes this 
research particularly relevant is its departure from linear or prescriptive models of resilience. By 
emphasizing paradox and convergence ; rather than replacement or sequencing them. Through this, 
the study hopes to offer a new way of thinking about governance under pressure. In a world 
increasingly affected by climate volatility, rising inequality, and worsening flood exposure, especially 
in urbanizing and socioeconomically vulnerable regions and the ones found within what has 
traditionally been defined as the Global South, this research offers timely insight into how 
governance must evolve to manage competing demands. 

Furthermore, the study repositions frugal innovation from a marginal concept to a strategic 
governance question. It shows that the challenges of flood resilience are not only technical or 
financial, but fundamentally relational: they require legitimacy, negotiation, and the ability to 
sustain coordination across levels of governance. In doing so, the research opens space for critical 
reflection on how knowledge, authority and value are assigned in resilience planning, and most 
importantly, who gets to decide. By addressing systemic vulnerabilities at the intersection of 
poverty, institutional fragmentation, and climate-driven disasters and surrounding this discussion 
within the broader governance dynamics of the Global South, the research contributes to global 
conversations on resilience, development and adaptation. With that in mind, it invites policymakers, 
practitioners and scholars to reflect and reconsider how innovation is defined and who is included 
in that process.  

1.4 Research Question and Sub-Questions  
In order to assess the research problem, it is necessary to conduct a study. The assessment will be 

conducted based on the following research question:   

Research question:  

 

“In what ways do and can the paradoxes of frugal innovation influence flood resilience in the 

Global South?” 

 
 

The research question will be answered through four sub-questions. The sub-questions are as 

follows:  

 

SQ1:  What paradoxes emerge when applying frugal innovation to flood resilience in the Global 
South? 

This sub-question examines the inherent paradoxes that arise when integrating frugal innovation 

into flood resilience efforts. It explores tensions between low-cost, adaptive solutions and 

conventional resilience approaches, setting the foundation for understanding how paradoxes shape 

decision-making in flood management. 

 

SQ2:  What is the relationship between the paradoxes and flood resilience outcomes? 

This sub-question investigates how the paradoxes identified in SQ1 influence the effectiveness of 

flood resilience strategies. It examines whether these contradictions hinder or enhance resilience 

efforts and explores how policymakers and practitioners navigate competing priorities to achieve 

long-term sustainability. 
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SQ3:  How does governance fragmentation reflect paradoxes in flood resilience? 

This sub-question analyzes the role of governance structures in shaping flood resilience policies. It 

explores how fragmentation contributes to paradoxes in flood management and examines whether 

integration efforts can reconcile conflicting governance priorities. 

2 Methodology 
2.1 Research Methodology Overview 
This thesis will employ an exploratory qualitative research design to investigate the research topic. 

Exploratory qualitative research is a type of research that seeks to explore a phenomenon in depth, 

often in cases where there is limited existing knowledge or when a deeper understanding of a 

complex issue is needed. It aims to generate hypotheses and insights rather than test pre-existing 

ones (Jackson et al., 2007). Therefore the employment of a multifaceted approach to tackle to 

further investigate the research question and its various faces and intricacies. This process will begin 

by clearly defining the research problem, establishing the objectives, and determining the scope of 

the study.  

2.2 Scope of the Research 

This study shall focus on exploring the challenges and opportunities for flood resilience in the Global 
South, with a specific emphasis on the paradox that emerges between technocratic frameworks and 
context-specific, frugal solutions. This research explores how the contrasting approaches of 
technocratic frameworks from the Global North and frugal, context-specific solutions in the Global 
South can be reconciled to produce a hybrid model that balances universal standards with the 
unique socio-geographic conditions of local communities (Nur & Shrestha, 2017). Geographically, 
this research centers on flood resilience within regions in the Global South, where issues such as 
resource scarcity, fragmented governance, and diverse socio-economic conditions create significant 
barriers to implementing standardized resilience frameworks (Matczak & Hegger, 2021). It does not 
address regions in the Global North, as the primary focus is on understanding how frameworks 
originating in these developed regions interact with the unique challenges faced by developing 
areas, potentially providing indirect insights applicable to the Global North as well (Hossain et al., 
2016). 

Conceptually, the research is grounded in the overarching paradox of technocratic vs. socio-
geographic approaches to flood resilience. Technocratic frameworks, with their structured and 
scalable solutions, often fall short when applied in varied local contexts that require flexibility and 
community-driven strategies (Takin et al., 2023). In contrast, frugal innovations emphasizes 
affordable, adaptable solutions that prioritize social relevance but may lack the comprehensive 
structure offered by technocratic approaches. By employing the Dynamic Equilibrium Model as a 
theoretical lens, this study investigates how these seemingly conflicting strategies can be managed 
and balanced over time, rather than resolved outright (Smith & Lewis, 2011). The model 
underscores the importance of embracing these tensions to foster a flexible, adaptive approach to 
resilience that responds to both global and local needs. The 2024 floods in Rio Grande do Sul, Brazil, 
serve as the case study for this research, illustrating the complex interplay between imported 
resilience frameworks and local realities (The Water Diplomat, 2024). In the given case study, global 
standards provided foundational guidelines, yet the scale of the disaster underscored their long-
term limitations within a complex and resource-constrained environment (Astrini & Tsavkko Garcia, 
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2024). The case highlights the challenges faced by communities that rely on both structured 
frameworks and community-driven adaptations to address the socio-economic and governance 
obstacles unique to the region. Rio Grande do Sul thus serves as a critical reference for examining 
how technocratic frameworks and frugal solutions interact in practice, offering insight into how both 
approaches may coexist or conflict in achieving resilience (Lamoree et al., 2024). 

2.3 Methodological Framing and Rationale 
Given the exploratory nature of this study and the complexity of its subject matter, a qualitative 

methodology is particularly well-suited. Methodologically, the research shall adopt an exploratory 

qualitative approach, relying on semi-structured interviews with key stakeholders, including 

policymakers, community leaders, and flood management experts from both the Global North and 

South (Jackson et al., 2007). This approach is thus appropriate because it enables in-depth 

exploration of subjective experiences, perceptions, and institutional dynamics that are often not 

captured through mere quantitative means. The focus on paradoxes, such as those between 

technocratic and frugal solutions, requires an interpretive lens that can handle ambiguity, 

contradiction and context-specific insights. Furthermore, qualitative methods offer the flexibility to 

capture emergent themes and complex interactions that are essential to understanding the 

governance of flood resilience in diverse environments. 

The research will be informed by a thorough literature review, which will guide the development of 
the interview questions (Chigbu et al., 2023). This will ensure that the questions are firmly rooted in 
existing academic research on flood resilience frameworks, addressing both the technocratic and 
frugal approaches in a comprehensive manner. Furthermore, these interviews aim to gather 
nuanced insights into the real-world interactions between technocratic frameworks and frugal 
innovations, highlighting both the tensions and potential synergies in these approaches (Naz et al., 
2022). Temporally, the research shall focus on current frameworks and innovations relevant to 
contemporary flood resilience challenges, referencing historical influences only insofar as they 
inform present practices (Fang et al., 2023). Although past policies and frameworks are 
acknowledged in the background, the study is forward-looking, concentrating on implications for 
today and the future in terms of developing hybrid resilience strategies that can better serve 
communities in the Global South (Wantzen et al., 2022). In practical terms, this study is largely 
theoretical, aiming to contribute to academic discourse and propose a conceptual model for 
addressing flood resilience. While it offers practical recommendations, it does not involve the 
implementation or testing of specific resilience measures in the field. Instead, the research provides 
insights and guidelines that policymakers and practitioners could adapt within their unique contexts 
to help the achievement of long-term flood resilience. By delineating the scope in this way, this 
study hopes to provides a focused examination of the paradox in flood resilience frameworks, 
ultimately offering a pathway to achieving sustainable, adaptable resilience through a balanced 
approach informed by the Dynamic Equilibrium Model (Smith & Lewis, 2011).  

This initial step involves understanding the key concepts and variables relevant to the research topic 

and iterating on such until the aim of the study is properly and clearly defined (McNabb, 2017). The 

next step involves undertaking a comprehensive literature review. This literature review will serve 

to gather relevant insights on the concepts and status quo, while identifying gaps in the existing 

knowledge, and serving as the basis for the preliminary hypothesis and assumptions pertaining to 

the subject matter (Bolderston, 2008). This critical phase is essential for positioning the study within 

the broader academic discourse and establishing a robust framework to guide the subsequent 

research task and activities (Bolderston, 2008). Following the literature review, the research 

methodology will be designed to align with the objectives of the study. This will involve selecting the 
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appropriate data collection methods, hereby represented and chosen to be interviews with key 

stakeholders (Naz et al., 2022). Given this, the criteria for participant selection will be carefully 

determined to ensure a diverse pool of perspectives and relevant expertise are represented, 

including policymakers, community leaders, flood management practitioners, and experts from both 

local and international contexts. Moreover, the interviews will be conducted using a semi-structured 

format, allowing for some flexibility to pursue open-ended lines of inquiry while maintaining a clear 

focus on the core established questions and taking into account the ethicality and management 

concerns of the process and acquired data (Longhurst, 2009).  

Once said data is collected, it will be systematically analyzed using a thematic analysis, after the 

coding process, thus leading to a response categorization which in turn allows for a nuanced 

understanding of the insights (Thorne, 2000). This step involves a detailed examination of the 

interview transcripts and notes to identify key themes, patterns, and relationships that emerge from 

the data. By carefully analyzing the qualitative data, this study  will be able to derive meaningful 

conclusions and insights, uncovering the underlying patterns and relationships that provide a 

nuanced understanding of the perspectives and experiences shared by the interview participants 

(Khokhar et al., 2020). This in-depth qualitative analysis will allow the research to gain a rich, and 

more contextualized understanding of the perspectives and experiences shared and diverged by the 

interview participants, which will in turn inform the synthesis of findings from both the literature 

review and the quintessential step of this data collection process the interviews (Khokhar et al., 

2020). Furthermore, the research will employ a case study approach to validate the findings and 

guide the investigation in a real-world application of its research question. Ultimately, this research 

design aims to generate a holistic and evidence-based understanding of the phenomenon under 

investigation, testing the initial hypotheses against the findings from both the literature review and 

the interviews to challenge assumptions, while producing meaningful and actionable insights to 

advance the field of study (Niemcryk & Glascoff, 1997). The study will report these findings in a 

structured format, highlighting the implications for theory, practice, and future research. 

2.4 Literature Review Process 
In exploring the complexities of the topic, the initial stage of this research involves a comprehensive 

literature review. The purpose of this literature review is to gather existing knowledge, identify key 

hypotheses, and delineate assumptions that will guide the subsequent stages of the study 

(Bolderston, 2008). The rationale for using a literature review as a foundational step lies in its ability 

to provide a broad perspective on established theories and practices, highlight the existing gaps in 

research, and establish a conceptual framework that will underpin the empirical investigation 

(Bolderston, 2008). Also of paramount importance is converging the multiple sub topics and facets 

of the literature review to in order to successfully recognize their interdependencies and uncover 

mutually dependent insights (Chigbu et al., 2023). By reviewing the literature, the study aims to 

uncover underlying insights in potentially breaking the deadlock of non-resilience experienced by 

the institutional frameworks, or the lack thereof, within the status quo of the Global South. Finally, 

the literature review will follow a systematic approach, drawing from various relevant and recent 

works stemming from online repositories and databases to guarantee relevance and applicability 

(Chigbu et al., 2023).  

The literature review will focus on several key areas: 

1. Paradox Perspective: Exploring how paradoxical factors arise when applying flood resilience 

frameworks from the Global North to the Global South. This perspective shall examine how 
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these frameworks, while intended to enhance resilience, can create persistent tensions and 

vulnerabilities that can inadvertently exacerbate flood risks rather than helping to mitigate 

them (Smith & Lewis, 2011). 

2. Defining Flood Resilience: Clarifying what is meant by 'flood resilience,' including its various 

dimensions (e.g., social, economic, environmental, and infrastructural) (Zevenbergen et al., 

2020). This also involves understanding how resilience is conceptualized and measured, 

particularly in the context of differing vulnerabilities and capacities in the Global North and 

Global South (Chitadze, 2023). 

3. Frugal Solutions: Analyzing the potential of frugal solutions, which emphasizes low-cost, 

socially relevant solutions that maximize core functionality with minimal resources 

(Weyrauch & Herstatt, 2016). Such approach might prove beneficial in addressing flood 

resilience challenges and deadlock by providing accessible and affordable defences tailored 

to underserved communities.  

4. Contextual Challenges in the Global South: Examining how differing economic, political, and 

social environments shape the applicability of institutional frameworks for flood resilience in 

the Global South. Factors such as resource constraints, fragmented governance, and socio-

economic inequalities significantly impact the effectiveness of strategies transferred from the 

Global North. (Dados & Connell, 2012). 

5. Urban Expansion and River Degradation in the 20th Century: Examining the historical 

policies that led to urban expansion at the expense of natural river systems. This section shall 

explore how the prioritization of land reclamation for urban development, both in the Global 

North and South, has diminished natural flood defenses, increasing vulnerability to flood 

risks (Fang et al., 2023). 

6. Institutional Frameworks for Flood Resilience: Assessing how flood resilience frameworks 

from the Global North, effective in well-resourced settings, often struggle to adapt when 

transferred to the Global South. The review focuses on how local power dynamics, 

governance fragmentation, and resource constraints affect the implementation and calls for 

more context-sensitive and flexible approaches in these diverse environments (Fernandes et 

al., 2020). 

7. Comparative Analysis Between Frugal Solutions and Traditional Methods: Comparing frugal 

solutions like nature-based approaches and adaptive urban planning with traditional 

methods such as dikes and dams (Cohen-Shacham et al., 2019). The possibility of combing 

both methods shall also be examined in a mixed approach shall also be discussed.  

 

In order to delineate the scope and inform the conceptual framework of this study, a selection of 
key literature has been identified. The following table summarizes these selected articles, 
highlighting their central ideas and relevance to the study’s focus on balancing structured, 
technocratic frameworks with context-specific, socio-geographic solutions in flood resilience. 
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Table 1 : Summary of selected literature 

Literature Central Idea Relevance to Study 

Smith & Lewis 
(2011) 

The Dynamic Equilibrium Model highlights the 
importance of managing paradoxes as 
"contradictory yet interrelated elements" that 
must be balanced, not resolved.  

Provides a theoretical framework to address 
tensions between technocratic approaches and 
community-driven solutions, helping guide the 
study’s exploration of flood resilience 
paradoxes in the Global South. 

Nur & Shrestha 
(2017) 

Examines community vulnerability to flooding 
in developing countries, emphasizing 
challenges in applying Global North resilience 
strategies due to socio-economic and 
governance limitations. 

Highlights the limitations of large-scale, 
resource-intensive solutions and the need for 
context-specific approaches in flood resilience, 
supporting the argument for frugal 
innovations. 

O’Brien et al. 
(2012) 

Discusses the disconnect between global 
development agendas and local needs in 
resilience frameworks, emphasizing a 
sustainable and resilient future. 

Relevant to the study's focus on how 
international frameworks often overlook local 
socio-cultural and economic factors in flood 
resilience, underscoring the need for adaptive 
governance. 

Yasmin et al. 
(2019) 

Advocates for adaptive governance as a means 
to foster sustainable urban transformation in 
the Global South, acknowledging the 
importance of local contexts. 

Supports the study’s examination of 
governance frameworks that balance global 
resilience strategies with local adaptability for 
flood resilience. 

Loggia et al. 
(2020) 

Introduces the concept of "floodability," 
focusing on integrating nature-based solutions 
in urban planning to enhance resilience. 

Provides a practical example of how nature-
based, frugal solutions can be more sustainable 
and context-appropriate, relevant to the 
study’s focus on frugal innovations for flood 
resilience. 

Takin (2023) Highlights the application of nature-based 
solutions and community-led interventions for 
sustainable urban flood resilience. 

Reinforces the importance of incorporating 
local knowledge and nature-based solutions as 
alternatives to traditional infrastructure-heavy 
approaches. 

Raub et al. (2023) Explores resilience and nexus approaches in 
flood risk management, advocating for 
integrated, adaptable solutions. 

Adds to the study's emphasis on achieving 
long-term resilience by balancing structured 
frameworks with adaptable, community-
oriented strategies. 

Weyrauch & 
Herstatt (2016) 

Investigates frugal innovation, highlighting its 
potential for sustainable, cost-effective 
solutions that cater to local needs. 

Aligns with the study’s focus on frugal 
innovations, especially as viable alternatives to 
traditional flood resilience frameworks that 
may be too costly or complex for the Global 
South. 

Matczak & 
Hegger (2021) 

Discusses governance strategies for flood 
resilience, emphasizing diversified and adaptive 
approaches. 

Supports the study’s investigation of 
governance challenges and opportunities for 
enhancing flood resilience through diverse 
strategies. 

Chatterjee & 
Chattopadhyay 
(2020) 

Examines the legacy of urban planning in the 
Global South, noting the environmental cost of 
land development at the expense of flood 
resilience. 

Highlights historical planning policies’ impacts 
on flood vulnerability, relevant to the study's 
examination of urban expansion and resilience. 

Lindersson et al. 
(2023) 

Explores political instability and governance 
challenges affecting long-term planning for 
flood resilience in the Global South. 

Emphasizes the impact of political cycles on 
sustainable flood management, relevant to the 
study’s exploration of governance barriers. 
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Bhatti & 
Ventresca (2013) 

Introduces frugal innovation as an approach 
prioritizing local knowledge and low-cost 
solutions. 

Aligns with the study’s focus on frugal 
innovation for resource-limited flood resilience 
in the Global South. 

Zevenbergen et 
al. (2020) 

Explores integrated flood risk management 
strategies, emphasizing collaboration and 
multi-layered safety. 

Provides insight into multi-level approaches to 
flood risk, supporting the study’s examination 
of integrated resilience strategies. 

Chitadze (2023) Analyzes the disconnect between Global North 
and South frameworks, highlighting challenges 
in international policy transfer. 

Relevant to the study’s examination of how 
Global North solutions often fail in Global 
South contexts. 

Gawel et al. 
(2016) 

Discusses the role of political priorities in short-
term flood resilience projects, which often 
sideline sustainable solutions. 

Adds to the study’s focus on political 
motivations that lead to ineffective, reactive 
flood resilience measures. 

Lamoree et al. 
(2024) 

Examines the 2024 Rio Grande do Sul floods, 
highlighting failures in centralized flood 
management, socio-economic disparities in 
response, and fragmented governance. 

Illustrates real-world challenges of centralized 
frameworks, supporting the need for locally 
adapted, frugal solutions and coordinated 
governance in flood resilience. 

 

2.5 Interview Methodology 
For this study, semi-structured interviews with open-ended questions are the primary method of 

data collection. An interview can be defined as a research method involving direct interaction 

between the researcher and participants to gather detailed information and insights (Longhurst, 

2009). Moreover, Semi-structured interviews combine a guided approach with open-ended 

questions, providing a balance between consistency and flexibility (Longhurst, 2009). They revolve 

around the notion that a set of predetermined questions ensures coverage of key topics, while also 

allowing interviewees to share their perspectives, experiences, and insights in their own words (Naz 

et al., 2022). As a result, this approach allows for deeper probing, follow-up questions, and an 

overarching exploration of complex issues, making it particularly valuable for capturing nuanced 

understandings of the multifaceted phenomena tackled by this paper. 

Moreover, these interviews shall be conducted with a diverse range of key stakeholders, including 

policymakers, community leaders, flood management practitioners, and local and international 

experts in flood resilience from both the Global North and South. The semi-structured format allows 

for flexibility in exploring the participants perspectives while also maintaining a focused line of 

inquiry, thus enabling the capture of nuanced insights into the paradoxical tensions that often arise 

when transferring flood resilience frameworks across different global contexts. The interview 

questions shall then be formulated following the philosophy of the Dynamic Equilibrium Model of 

Paradox, developed by Smith and Lewis (2011), to uncover the inherent contradictions and 

challenges in applying flood resilience strategies from the Global North to the Global South. This 

approach shall ensure a comprehensive exploration of various paradoxes; allowing for an in-depth 

understanding of how stakeholders navigate the tensions encountered in real-world situations.  

By incorporating diverse perspectives, the study aims to identify opportunities for more context-

sensitive and sustainable flood resilience practices, potentially highlighting frugal innovation as a 

viable alternative in attaining flood resilience. This paradoxical lens will serve as a guiding tool in the 

interview process, allowing this paper to gauge how practitioners and experts navigate the inherent 

tensions in flood resilience development and implementation. This will in turn help to refine the 

hypotheses and assumptions developed through the literature review, by enacting and relying on 

the experience of the experts and field practitioners (Jackson et al., 2007). Finally due to the plurality 
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of backgrounds of the interviewees, the questions will be produced both in English and Portuguese, 

potentially also being pursued in Dutch and Spanish if necessary. 

2.6 Data Analysis Strategy 
The data analysis process in this research aims to transform the empirical data gathered from semi-

structured interviews with key stakeholders into meaningful insights about the complexities of 

transferring flood resilience frameworks. This systematic evaluation helps to identify patterns and 

paradoxes, develop context-specific theories, validate or challenge existing assumptions, and 

ultimately address the research questions related to the applicability and effectiveness of these 

frameworks in diverse settings (Thorne, 2000). Given the qualitative nature of this study, the data 

analysis will rely on thematic analysis using interview transcripts. Following the six-step approach 

outlined by Braun and Clarke (2006), the process involves: 

1. Data Preparation: This initial stage includes transcribing each interview and thoroughly 

reviewing the content to ensure accuracy and completeness. Interviews conducted via Teams 

will have their transcriptions accessed through the platform, thoroughly reviewed for 

integrity, and sent to participants in PDF format (Khokhar et al., 2020). Transcripts in different 

languages will be translated into English before proceeding with analysis. 

2. Data Familiarization: After transcription and review, the the data will be read multiple times 

in order for insights, patterns, and themes to be found and explored. Initial thoughts and 

observations shall be noted during this process (Khokhar et al., 2020). 

3. Initial Coding: The next step involves categorizing the data by assigning labels, or "codes," to 

different segments of the text (Khokhar et al., 2020). This process, facilitated by software 

ATLAS.ti, will require multiple rounds of refining to accurately capture the data's essence. 

4. Development of Themes: After coding, the codes are grouped into potential themes that 

represent recurring patterns across the data samples. These themes are reviewed to ensure 

their alignment with the research’s overarching topic. Definitions and nomenclature are 

established for each theme to provide clarity and itemization (Khokhar et al., 2020). 

5. Data Interpretation: The identified themes are then interpreted back to explore their 

complexities and nuances into the topic. This interpretation connects the themes back to the 

main research question and its sub-questions, along with the initial post- literature review 

digression (Khokhar et al., 2020). 

6. Data Presentation: In the final stage, the findings shall be presented in a coherent and logical 

manner, ensuring they address the research questions. The results are then discussed within 

the broader context of the study, helping to identify key topics that will guide further 

literature review and subsequent research phases (Khokhar et al., 2020). 

2.7 Validation and Reliability of Data 
In qualitative research, validity refers to the credibility and accuracy of the findings, ensuring they 

accurately represent the data collected (Leung, 2015). To achieve validity in this study, several 

strategies have been employed. Triangulation as an approach, involves engaging a diverse range of 

stakeholders; hereby including policymakers, community leaders, flood management practitioners, 

and local and international experts, to provide a broad spectrum of perspectives and an array of 

potential motifs and paradoxes. This approach reduces the risk of bias and enhances the credibility 

of the findings (Leung, 2015). Additionally, member checking will be used, where participants are 
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provided with the interview transcripts to verify the accuracy of their statements and offer further 

clarification if needed. Finally, the findings from the thematic analysis shall also be cross-referenced 

with existing literature employed in the literature review to align empirical insights with established 

theoretical concepts and excerpts from academia (Thorne, 2000). 

Reliability, on the other hand, ensures that the research methods used are consistent, stable, and 

dependable over time (Leung, 2015). In this study, reliability shall be maintained through a 

meticulous process of data management and analysis. All interview transcripts will be thoroughly 

reviewed and double-checked for accuracy, minimizing potential transcription errors. The coding 

process, which is a crucial step in ensuring reliability, will be conducted using the ATLAS.ti software. 

This will enable a consistent and systematic approach to coding the data across all data sets. 

Additionally, multiple rounds of coding shall be performed to ensure that the meaning of codes 

remained stable and coherent throughout the analysis (Khokhar et al., 2020). These measures 

collectively contribute to the reliability and trustworthiness of the study's findings (Thorne, 2000). 

2.8 The Dynamic Equilibrium Model for Flood Resilience 
This research applies the Dynamic Equilibrium Model (Smith & Lewis, 2011) to explore and manage 

the paradoxes inherent in adapting technocratic frameworks from the Global North to include the 

unique socio-geographic status-quo presented in the Global South, with all of its contradictions 

(Gersonius et al., 2016). This model provides a theoretical basis for addressing contradictory yet 

interrelated elements within resilience strategies, particularly the tension between technocratic 

solutions and frugal, context-specific approaches. The development of the model within this 

research is guided by two main phases. First, a comprehensive literature review identifies key 

paradoxes breaking down the overarching paradox in a matter of relevance and levels (i.e., Macro, 

Meso, Local). This foundation shapes the initial framework for applying the Dynamic Equilibrium 

Model to the context of flood resilience. Second, data gathered from semi-structured interviews 

with key stakeholders, including policymakers, community leaders, and flood management experts, 

informs and refines this model (Longhurst, 2009). Through thematic analysis of interview responses, 

specific themes and patterns emerge that further illuminate how these paradoxes manifest in real-

world flood resilience efforts. The model is thereby adapted to reflect these findings, balancing 

competing demands to develop a holistic approach that integrates both global frameworks and 

frugal solutions originating from local knowledge (Raub et al., 2024). By integrating insights gleaned 

from the literature review and interview data, this research endeavors to develop a context-sensitive 

adaptation of the Dynamic Equilibrium Model, which seeks to offer a balanced, compromise-driven 

approach to enhancing flood resilience in the Global South. 

2.9 Case Study Analysis 
Case study research is a strategy that entails a comprehensive examination of a specific issue, event, 
or phenomenon within its real-world context (Crowe et al., 2011). This method offers a holistic 
understanding by concentrating on the complexity and distinctiveness of the subject, capturing the 
nuances that may be missed by more general approaches (Crowe et al., 2011). By investigating a 
single relevant case, this study aims to gather detailed data from multiple sources on recent events, 
in order to illustrate the discussions present in the research. This allows for a rich, multi-dimensional 
exploration of the topic from various perspectives, facilitating a deeper insight into the dynamics 
and interactions involved (Crowe et al., 2011). The case study approach is, therefore, particularly 
well-suited for this specific research, given that it enables the examination of the research problem 
in its natural setting, taking into account the contextual factors that may influence the phenomenon 
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of interest. This case study has also posited itself as a driving force behind this study, its completion 
and advancement.  

For this research, a case study shall be conducted regarding the May 2024 floods in Rio Grande do 
Sul, Brazil. This case study was primarily chosen for its unique context of socio-economic, 
environmental, and governance challenges amid extreme weather (Clarke et al., 2024). This study 
shall thoroughly examine the effectiveness of adapting flood resilience frameworks originally 
developed in the Global North, revealing gaps and paradoxes when these are applied in new 
settings, particularly within the Global South and all that such entails from socio-economic and 
geographic perspective. By doing so, the case study will serve as an opportunity to try the adapted 
Dynamic Equilibrium Model in the context of a real-life scenario, exploring the balance between 
technocratic and frugal approaches within this specific setting. This approach utilizes paradox 
perspective, rooted in the work of Smith and Lewis (2011) as a lens to explore conflicting outcomes, 
particularly how strategies from the Global North may inadvertently create vulnerabilities or 
contradictions in the Global South (Chitadze, 2023).While doing so the research will highlight 
systemic deficiencies related to the occurrence and exacerbation of catastrophic floods, such as 
inadequate infrastructure, fragmented governance, and socio-economic disparities (McDermott, 
2022). It will also consider whether frugal innovation for flood resilience, might hypothetically 
bridge these gaps by offering low-cost, simplified, and socio-naturally relevant solutions, potentially 
more applicable to the local status quo of Rio Grande do Sul, Brazil (Bhatti & Ventresca, 2013). The 
case study integrates both discussions in the physical (i.e. solutions, consequences, actions, etc.) 
and governance (i.e. decision making, institutional frameworks, governance levels and 
interdependencies) places to hoping provide a multifaceted perspective on how the disaster 
unfolded, the subsequent short and long term adaptation challenges, implications for resilience 
models in developing nations and finally the need for improved coordination and compromise 
among governance levels and society to achieve flood resilience. 

2.10 Ethics 
The research will be conducted in strict accordance with ethical guidelines to ensure the protection 

of all participants, as this is of the utmost importance. During data collection and analysis, particular 

attention will be given to maintaining the privacy and confidentiality of the individuals involved 

(Taquette & Souza, 2022). Participants will be fully informed about the paper’s purpose, procedures, 

and their rights, including the voluntary nature of their participation and their right to withdraw at 

any time (Taquette & Souza, 2022). To ensure confidentiality, personal details will not be included in 

the transcripts or any part of this report. Prior to the interview, each participant will receive an 

informed consent form outlining the research's purpose, procedures, and confidentiality measures 

taken. This form must be signed and returned, confirming their informed consent to participate in 

the study. Before each interview begins, the form's contents will be reviewed again with the 

participant. Once the interview transcripts are finalized, they will be sent back to the respective 

participants for review and approval. All collected data will be securely stored on the TU Delft Drive 

until the conclusion of the research period, after which it will be permanently erased from the files. 

3 Case Study: 2024 Floods in Rio Grande do Sul, Brazil 
3.1 Geographical and Historical Context  
Porto Alegre, the capital of the Brazilian state of Rio Grande do Sul, has a long-standing susceptibility 

to flooding due to its unique hydrological and geographical features (Guimaraens, 2024). The city's 

location is pivotal to understanding its flood risk profile. Situated at the confluence of the Guaíba 
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River and the Jacuí Delta, Porto Alegre lies within a complex and expansive river system that includes 

the Jacuí, Caí, Sinos, and Gravataí rivers composing the Guaíba River basing which takes 

approximately 30% of the state’s area (Smamus, 2024). These rivers converge to form the Guaíba 

Lake, creating a network of interconnected waterways that define the region’s hydrodynamics. The 

region encompassing Porto Alegre and the broader hydrological basin is characterized by low-lying 

floodplains, a complex network of islands within the Jacuí Delta, and narrow valleys with mountain-

side riparian settlements more upstream (Guimaraens, 2024). These geographical features 

contribute to the inherent susceptibility of this area to flooding events. 

Therefore, the May 2024 flood event did not only impact Porto Alegre but also affected vast areas 

across the state of Rio Grande do Sul. The entire state was subjected to a rare combination of 

meteorological conditions that led to unprecedented rainfall across multiple river basins, including 

the Jacuí, Taquari, Sinos, and Caí river systems (Buschschlüter, 2024). The state experienced some of 

the highest recorded rainfall levels, with areas such as Caxias do Sul and Bento Gonçalves in the 

Taquari River Basin receiving over 1000 mm of rain within a short period (Lamoree et al., 2024). This 

widespread and intense precipitation caused rivers across the state to swell rapidly, leading to 

flooding that affected both urban and rural areas. Municipalities throughout the state faced 

significant challenges as floodwaters inundated homes, infrastructure, and agricultural lands, 

disrupting the lives of hundreds of thousands of residents (Lamoree et al., 2024). This widespread 

impact highlighted the interconnectedness of the state's river systems and the collective 

vulnerability that the 236 municipalities located in the extended riparian basin in Rio Grande do Sul 

share in the face of extreme weather events (Buschschlüter, 2024). 

Historically, the city’s approach to flood management has been shaped by significant flood events, 

notably the catastrophic flood of 1941. This event marked the highest recorded water level in the 

city, reaching 4.75 meters above the reference level of Guaíba Lake (Guimaraens, 2024). In response 

to this, a comprehensive flood protection system was developed from the 1950s until the1970s, 

designed to shield the most vulnerable areas of Porto Alegre, particularly the northern regions, 

which lie within the extensive floodplains of the river system (Guimaraens, 2024). The flood 

protection system constructed during this period was extensive, incorporating a network of 

protective dikes, flood gates, and pumping stations. These infrastructures were intended to manage 

and control water levels, with the dikes designed to protect against water levels up to 6 meters, 

including a safety margin of 1.25 meters above the 1941 flood level (Lamoree et al., 2024). The 

system aimed to safeguard key urban areas, including the city’s international airport, which is located 

in a polder (a low-lying tract of land enclosed by dikes). This project was constructed by the National 

Department of Sanitation Projects (i.e. DNOS), an autarchy whose responsibility included the 

integrated and macro-level management of flood risk along major rivers-basins in Brazil, functioning 

as an institution to act in the governance space between the federal responsibility of the Ministry of 

Infrastructure, the state governments and finally the municipalities (Soffiati, 2005). However, this 

infrastructure was developed based on hydrological data and design standards that have since been 

surpassed by the realities of climate change and urban expansion (Rocha, 2024). The protective 

system was adequate for the loads experienced by the 1941 floods, but proved itself insufficient in 

the face of the may 2024 floods (Villela, 2024). Furthermore, the effectiveness of these defenses has 

been compromised by a lack of consistent maintenance.  
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Figure 2 : Floods of 1941 in Porto Alegre, Brazil 

 

From “Porto Alegre: enchente de 1941 durou 22 dias e deixou 70 mil desabrigados” by UOL Noticias, 2024, 

(https://noticias.uol.com.br/cotidiano/ultimas-noticias/2024/05/09/como-foi-enchente-historica-porto-alegre-1941.htm) 

3.1.1 Institutional Gaps and Infrastructure Decay 
The DNOS, responsible for flood control infrastructure, was dissolved in 1990, leading to an 

institutional vacuum that has hampered upkeep and modernization efforts (Soffiati, 2005). Over the 

past 34 years, this lack of dedicated oversight has contributed to the deterioration of flood defenses, 

rendering them ineffective in the fac e of a extreme high water event (Lamoree et al., 2024). It is 

also important to note that even during the DNOS's tenure, a truly integrated system of flood 

barriers encompassing the entire state was never attempted. This lack of comprehensive planning 

left other areas of the river basin, beyond Porto Alegre, with minimal or nonexistent flood defenses, 

leaving them acutely vulnerable to extreme events like the May floods (Lamoree et al., 2024). 

Furthermore, while the northern regions of the city are provided with the aging and inadequately 

maintained flood protection infrastructure, the southern areas along the Guaíba Lake remain 

relatively unprotected. This disparity can be attributed to the original conceptualization and design 

of the flood defense system, which did not anticipate the city's subsequent southward expansion 

and development in that direction (Zylberkan, 2024). This area, although not as low-lying as the 

north, is particularly vulnerable to storm surges driven by strong southerly winds, especially when 

combined with high water levels in the lake which tend to surve as a natural barrier to the 

southwards flow of the water (Villela, 2024). The lack of similar flood protection measures in the 

south has left this region more exposed to the elements, with frequent flooding during periods of 

high rainfall and storm activity, also being the area of the city with the most precarious infrastructure 

and inequality (Rocha, 2024). The dissolution of the DNOS and consequential institutional vacuum 

highlight the broader limitations of rigid, centralized frameworks when applied in contexts like Brazil. 

Rather than blaming local governance for these gaps, the issue highlights the challenges posed by 

top-down, technocratic solutions, which often struggle to adapt to evolving local socio-geographic 

realities. Centralized, technocratic approaches, frequently adopted in the Global North, tend to falter 

in the long-term in developing world contexts marred by discretionary and fragmented governance 

(Pritchett & Woolcock, 2003). This mismatch leads to gaps in coordination, inadequate infrastructure 

upkeep, and a failure to adapt to local needs, leaving vulnerable regions without adequate 

protection (Voß et al., 2009). The disconnect between the institutional design and the evolving 

realities of urban expansion in Porto Alegre further illustrates the shortcomings of these top-down 

approaches (O’Brien et al., 2012). 
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Figure 3 : May 2024 Floods, Rio Grande do Sul, Brazil 

 

From “Southern Brazil Floods Made Twice as Likely Due to Climate Change: Report” by Earth.org, 2024, (https://earth.org/southern-

brazil-floods-made-twice-as-likely-due-to-climate-change-report/) 

The May 2024 flood event, which devastated large swathes of Rio Grande do Sul, including the 

capital, Porto Alegre, starkly illustrated the vulnerabilities discussed above. The region's existing 

flood management systems, originally designed decades ago and subsequently weakened by 

inconsistent maintenance and institutional gaps, were unable to cope with the unprecedented 

volume and intensity of the rainfall (Villela, 2024). This catastrophic event exposed critical flaws in 

the capital’s aging and inadequately maintained flood protection infrastructure, such as outdated 

dikes, insufficient storm surge defenses, and non-functional pumping station, but also in the lack of 

a broader regional preparedness and coordination among the 236 municipalities within the 

extended riparian basin (Rocha, 2024). The widespread inundation across multiple river basins 

highlighted the fragmented approach to flood management and the lack of comprehensive, far-

fetching strategies to address escalating risks from climate change and unchecked urban expansion 

(Lamoree et al., 2024). Moreover, the failure to protect both urban and rural areas underscored the 

interconnectedness of the state's river systems and the collective vulnerability that municipalities 

share when faced with extreme weather events. It further highlights the need to reassess global 

frameworks that struggle to align with the socio-geographic complexity of these regions, advocating 

for a comprehensive reassessment and modernization of flood management policies across the 

entire state (Lamoree et al., 2024). 

3.2 Case Study: The May 2024 Flood Event 
The flood event that occurred in May 2024 in Porto Alegre and the wider Rio Grande do Sul state 

was an unprecedented hydrological disaster, marked by its sheer intensity and widespread impact. 

This flood is now regarded as the most severe in living memory, both in terms of the meteorological 

conditions that triggered it and the scale of the destruction it caused. 

3.2.1 Socioeconomic and Infrastructural Devastation 
The May 2024 flood had far-reaching impacts across the state of Rio Grande do Sul, devastating 

communities and infrastructure in both urban and rural areas. The flood event resulted in the 

displacement of hundreds of thousands of residents, with close to half a million individuals unable 

to return to their homes for an extended period due to the significant damage and the gradual 

receding of floodwaters (The Water Diplomat, 2024). The disaster had a severe impact across more 

than 236 municipalities throughout the state, profoundly disrupting the daily lives and economic 

activities of the affected populations (The Water Diplomat, 2024). In the state’s rural areas, the 
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flooding wreaked havoc on agricultural lands, leading to significant losses in crop yields and livestock. 

The agricultural devastation ravaged the livelihoods of farmers while also having broader economic 

consequences for the whole country, given Rio Grande do Sul's status as a major agricultural hub in 

Brazil (Lamoree et al., 2024). The loss of crops and the destruction of farmland disrupted supply 

chains, leading to food shortages and price increases across the region (Astrini & Tsavkko Garcia, 

2024). The state's agricultural sector, a key contributor to the local and national economy, faces a 

long and uncertain recovery (Lamoree et al., 2024). 

In the metropolitan area of Porto Alegre (i.e. around 6 million inhabitants), the floodwaters 

inundated critical infrastructure, including roads, bridges, and public utilities, making large parts of 

the state inaccessible (Sousa, 2024). The transportation network, which is vital for both intra-state 

commerce and connectivity with the rest of Brazil, was severely disrupted (Sousa, 2024). Many major 

roads were submerged for weeks, isolating entire communities and hampering the delivery of 

essential goods and services. The extended closure of key transport routes delayed recovery efforts 

and exacerbated the economic downturn caused by the disaster (Buschschlüter, 2024). Arguably the 

heaviest infrastructural casualty revolved around the total incapacitation of Salgado Filho 

International Airport, a vital transportation hub for southern Brazil. The floodwaters engulfed over 

80% of the runway, forcing the airport to suspend all operations (Mazó, 2024). The closure of Porto 

Alegre’s main international gateway had profound economic repercussions, disrupting trade, 

tourism, and daily commuting patterns across the region (Mazó, 2024). The inability to operate 

flights resulted in massive logistical challenges, with the nearby Canoas Air Base being hastily 

adapted to handle a fraction of the regular traffic. However, this temporary solution could only 

accommodate a small percentage of the usual flights, significantly hampering air connectivity for 

both passengers and cargo (Mazó, 2024). 

Figure 4 : Porto Alegre Airport during May 2024 Floods 

 

From “Aeroporto de Porto Alegre reabrirá em outubro; vendas começam nesta sexta” by InfoMoney, 2024, 

(https://www.infomoney.com.br/consumo/aeroporto-de-porto-alegre-reabrira-em-outubro-vendas-comecam-nesta-sexta/) 

The flooding episode exposed the stark disparities in socioeconomic status within the state, 

mirroring the broader inequities found across Brazil and other developing nations, referred to as the 

Global South (Astrini & Tsavkko Garcia, 2024). Specifically, In poorer, informal areas, the residents 

were hit hardest by the flooding, with many homes completely destroyed and swept by the water 

loads with little to no immediate assistance provided (Rocha, 2024). These communities, often 

located in low-lying and flood-prone areas, were particularly vulnerable due to their inadequate 

infrastructure, which offered little protection against the rising waters. Thereafter, the lack of 

adequate emergency response from public authorities was especially evident in these areas (Rocha, 
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2024). Despite common knowledge of the risks involved with settlements in these areas in the case 

of severe flooding, public initiatives for re-location or strengthening of defenses often fall short or 

are poorly coordinated, also commonly facing opprobrium from parts of society and from the 

inhabitants themselves whom wish to remain in the areas they live (Lamoree et al., 2024). 

Thousands of residents in these informal settlements were therefore left without support during the 

critical early days of the disaster, relying on informal networks and community efforts for their 

survival (Clarke et al., 2024). 

This delayed response prolonged the suffering of those affected while also underscoring the broader 

socioeconomic divide in society. Wealthier areas, equipped with better infrastructure and resources, 

received quicker and more comprehensive aid, including timely evacuation assistance and faster 

restoration of utilities (The Water Diplomat, 2024). In contrast, the residents of poorer areas, were 

left to endure the worst of the disaster with minimal support, also in the months following the 

disaster (Lamoree et al., 2024). This disparity in the distribution of aid and the speed of response 

further exacerbated existing inequalities, leaving the most vulnerable populations to face the full 

force and burden of the disaster without adequate institutional assistance (Lamoree et al., 2024). 

The disaster, and how it was managed, has sparked significant public outcry and demands for 

accountability, with civil society organizations calling for comprehensive reforms in disaster 

preparedness and response policies that address these underlying inequalities and their 

consequences in the dire face of increasingly inclement climate and extreme events (Rocha, 2024).  

Figure 5 : Flood Devastation in Brazil 

 

From “Rains in southern Brazil kill at least 39, some 70 still missing” by Reuters, 2024, 

(https://www.reuters.com/world/americas/rains-southern-brazil-kill-least-31-more-than-70-still-missing-2024-05-03/) 

3.2.2 Meteorological Phenomena and Climatic Anomalies 
The May 2024 flood was primarily driven by a rare and highly anomalous convergence of multiple 

meteorological systems. Overlapping climatic phenomena created an environment ideal for extreme 

rainfall, which was exacerbated by the influence of climate change and the El Niño phenomenon. 

The confluence of these factors resulted in an extraordinary hydrological load that surpassed even 

the historic floods of 1941, previously the strongest on record in the area (Clarke et al., 2024). 

• Impact of Climate Change: The intensity and persistence of these meteorological 

phenomena were further amplified by climate change. Rising global temperatures have led 

to an increase in the frequency and severity of extreme weather events, including heavy 

rainfall and storms. Climate change likely intensified the atmospheric instability and moisture 
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content, making the conditions more conducive to such an extreme and sustained 

precipitation event. The warming trends also contributed to the severity of the El Niño, 

further aggravating the situation (Clarke et al., 2024). 

• El Niño Influence: The presence of the El Niño phenomenon during this period played a 

crucial role in exacerbating the flood conditions. El Niño contributed to elevated sea surface 

temperatures in the Atlantic and Pacific Oceans, leading to increased evaporation and, 

consequently, higher atmospheric moisture levels. This moisture, when combined with other 

atmospheric conditions, resulted in unprecedented rainfall across Rio Grande do Sul, further 

intensifying the flooding (Clarke et al., 2024)). 

• High Instability Areas: Extensive regions of atmospheric instability developed over Rio 

Grande do Sul, creating conditions conducive to sustained and intense rainfall. These 

instability zones were unusual in their persistence and breadth, covering large swathes of the 

state, with some areas receiving as much as 1000mm of rain (Clarke et al., 2024). 

• Humid Air Mass from the Amazon: Simultaneously, a mass of humid air originating from the 

Amazon Basin moved southward. This moisture-laden air mass contributed significantly to 

the volume of precipitation, as it collided with other weather systems in the region (Clarke 

et al., 2024). 

• Cold, Wet Air Front from the Atlantic Ocean: Adding to the complexity was the arrival of a 

cold and wet air front from the Atlantic Ocean. This front interacted with the Amazonian air 

mass, creating a potent mix of atmospheric conditions that further intensified the rainfall 

(Clarke et al., 2024). 

These meteorological forces combined in a manner that has rarely been observed in the region. The 

inability of these systems to dissipate due to the presence of a hot, dry high-pressure zone in central 

Brazil exacerbated the situation (Clarke et al., 2024). This high-pressure zone effectively trapped the 

moisture and instability over Rio Grande do Sul, leading to continuous and intense precipitation over 

several days, culminating in a flood event of unparalleled scale (Astrini & Tsavkko Garcia, 2024). 

Prospectively, the convergence of these factors is expected to become more common in the years 

to come, as climate change continues to alter weather patterns. This implies a growing frequency of 

extreme hydrological events like the May 2024 flood, necessitating significant adaptations in flood 

management strategies across the region (Clarke et al., 2024). 

3.2.3 Evolution of Flood Risk and Challenges in Modern Times 
The expansion of Porto Alegre and the wider economic and demographic growth of the state have 

correspondingly increased the risks and potential impacts of flooding, including threats to human 

life and economic assets. The expansion of urban areas into flood-prone regions, particularly in 

informal settlements across the state, has exacerbated the risk of flooding (Lamoree et al., 2024). In 

Porto Alegre, urban sprawl has led to increased surface runoff, reduced natural infiltration, and 

greater strain on existing drainage and on the flood protection infrastructure (Smamus, 2024). 

Similarly, other municipalities within the Guaíba River basin have experienced similar if not worst 

pressures, hampering the state’s economic capacity and severely impacting the life of the 

inhabitants (Buschschlüter, 2024). 
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Figure 6 : Reactive flood measure in Porto Alegre, Brazil 

 

From “O muro da Mauá sabe o que destruiu Porto Alegre” by Mendes, 2024, 

(https://www.pragmatismopolitico.com.br/2024/05/muro-maua-sabe-que-destruiu-porto-alegre.html) 

Additionally, the poor maintenance of critical flood defenses, an issue amplified by the dissolution 

and subsequent institutional void left by the National Department of Sanitation Projects in 1990, has 

resulted in much of the infrastructure across the state falling into disrepair, a widespread 

phenomenon encountered throughout Brazil's infrastructure landscape (Soffiati, 2005). The 

sedimentation in river and lake systems, due to pollution, illegal dredging and intensive water usage 

for agriculture, has further reduced the capacity of these water bodies to manage floodwaters, a 

problem exacerbated by economic inequality and the absence of consistent oversight, particularly 

in underfunded rural areas (Lamoree et al., 2024). Furthermore, the unchecked and unregulated 

development in high-risk flood zones, including the unauthorized construction of houses directly on 

top of flood defense structures, coupled with the lack of consistent enforcement of urban planning 

regulations by the relevant authorities, has further compromised the effectiveness of the existing 

flood protection infrastructure, thereby creating additional vulnerabilities within the systems 

(Zylberkan, 2024). In recent decades, the effects of climate change have become increasingly 

apparent in the flood patterns across Rio Grande do Sul. The region has experienced a rise in the 

frequency and intensity of extreme precipitation events, often interspersed with severe drought 

periods, which have overwhelmed the aging and inadequately maintained flood control 

infrastructure throughout the state (Astrini & Tsavkko Garcia, 2024). Porto Alegre, in particular, has 

relied heavily on a flood management strategy that no longer aligns with the realities of climate 

change and its urban sprawl (Zylberkan, 2024). This reliance on outdated systems, which were 

originally designed for less severe climate scenarios, has left both the city and the surrounding 

municipalities vulnerable to increasingly frequent and severe flood events such as the May 2024 

events ((Zylberkan, 2024). The absence of an integrated early-warning system and comprehensive 

disaster response plan left the inhabitants of several neighborhoods ill-prepared to cope with the 

catastrophic flood event and the subsequent long-term recovery efforts (Rocha, 2024). 
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Figure 7 : Vulnerability to flooding in Brazil 

 

From “RS: Cheia histórica em Porto Alegre escancara descaso na região das ilhas” by A Nova Democracia, 2024, 

(https://anovademocracia.com.br/rs-cheia-historica-em-porto-alegre-escancara-descaso-na-regiao-das-ilhas/) 

The flood event in May 2024 starkly highlighted these vulnerabilities. The combination of extreme 

weather conditions, including the convergence of unstable atmospheric systems and the influence 

of the El Niño phenomenon, resulted in unprecedented rainfall and flooding (Astrini & Tsavkko 

Garcia, 2024). This event exposed critical flaws not only in Porto Alegre’s flood protection system but 

also in the broader regional preparedness. Failures included key pumping stations, overtopping of 

dikes, the inefficacy of flood gates, and the critical issue of unchecked and illegal construction on top 

of essential flood infrastructure, leading to widespread flooding across both the northern and 

southern parts of Porto Alegre and across multiple municipalities in Rio Grande do Sul (Lamoree et 

al., 2024). The events of May 2024 underscore the urgent need for a comprehensive reassessment 

and modernization of flood management strategies across the entire state, incorporating both 

structural and non-structural measures that are resilient to the challenges posed by climate change, 

urban growth, and socio-economic disparities faced by a city with challenges that affect all of Brazil 

and most cities with similar climate and socio-geographic conditions within the developing Global 

South (Lamoree et al., 2024). Furthermore such solutions need to also account for the intricate and 

fragmented institutional governance that exists within Brazil (Almeida & Engel, 2020). 

3.2.4 Fragmentation of Governance Between Levels of Government 
The Brazilian system of governance is characterized by a division of responsibilities across federal, 

state, and municipal levels, with each level possessing its own areas of jurisdiction (Fernandes et al., 

2020). In theory, this multilayered approach should allow for specialized management of disaster 

response, with each level of government contributing according to its capabilities and resources 

(Fernandes et al., 2020). However, in practice, the response to the 2024 floods demonstrated the 

challenges inherent in such a fragmented system (Lamoree et al., 2024). At the federal level, agencies 

like the National Water Agency (ANA) and the Ministry of Regional Development have overarching 

mandates for water management and disaster preparedness (ANA, 1997). However, their ability to 

effectively manage and coordinate disaster response is often limited by bureaucratic hurdles, 

overlapping mandates, and the need for collaboration with state and municipal governments, often 

pursuing contradictory or conflicting agendas motivated by political one-upmanship (Fernandes et 

al., 2020). This became particularly evident during the 2024 floods when the federal response was 

delayed and often disconnected from the immediate needs on the ground, exacerbating the 

situation . 
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The state government of Rio Grande do Sul, through agencies such as SEMA (State Secretariat for 

the Environment and Infrastructure), holds significant responsibility for managing large-scale 

environmental and infrastructural challenges (SEMA, 1999). However, the state's ability to 

implement effective flood management strategies was severely constrained by inadequate 

communication and coordination with both federal authorities and the numerous municipalities 

affected by the flooding (Lamoree et al., 2024). Additionally, the state government failed to 

effectively communicate with the various municipalities and did not provide an integrated plan that 

considers the cities and their interdependencies (Lamoree et al., 2024). This shortfall was particularly 

critical because the state of Rio Grande do Sul lacks sufficient funds to develop a comprehensive 

flood prevention plan, relying solely on federal funds (Rocha, 2024). These federal resources, 

however, are often allocated without a full understanding of local conditions and the specific 

management needs required to create a plan that encompasses the entire state. The lack of a unified 

approach between the state and federal levels led to delays in decision-making and the deployment 

of resources, further complicating the response efforts (Zylberkan, 2024). 

At the municipal level, particularly in Porto Alegre, the responsibility for local flood defense and 

emergency response fell primarily to the DMAE (Municipal Department of Water and Sewage) 

(Clarke et al., 2024). However, the municipal government struggled to manage the crisis 

independently, given the scale of the disaster and the limited resources at its disposal. Furthermore, 

the municipal government of Porto Alegre is not equipped to manage the flood prevention plans for 

other municipalities along the Guaíba basin, also lacking a clear understanding of where its 

responsibilities end and where those of neighboring municipalities begin (Lamoree et al., 2024). This 

ambiguity has led to a lack of coordination, with municipalities often acting in isolation. Such 

uncoordinated actions have inadvertently resulted in negative consequences for downstream 

municipalities (Lamoree et al., 2024). A notable example of this uncoordinated action occurred in 

the city of Pelotas, where gated neighborhoods installed clandestine pumps and pipelines to drain 

floodwater inside their premises, in turn worsening the situation in surrounding municipalities and 

poorer areas (Sul21, 2024). The failure to coordinate these actions with the affected municipalities 

has sparked significant public outrage in what would later be described as an act of eco-racism 

(Sul21, 2024). 

The dissolution of the DNOS in 1990 left a significant gap in institutional capacity for integrated flood 

management, a gap that has not been adequately filled since then (Soffiati, 2005). The DNOS once 

served as a critical link between federal, state, and municipal governments, coordinating large-scale 

flood and sanitation projects that often spanned multiple municipalities or even states. Without a 

similar institution to bridge these levels of governance, there is a significant fragmentation in 

managing flood risks that extend beyond individual municipal boundaries (Soffiati, 2005). This has 

left Porto Alegre's, but also the state’s authorities ill-prepared to handle and enact long term 

planning to avoid this unprecedented flooding event, both in the pre and pos phases of its 

occurrence. 

4 Literature Review 
4.1 Flood Resilience: Concepts, Approaches and Evolving Challenges 
The concept of flood resilience encompasses a range of strategies and measures designed to reduce 

the vulnerability of communities, infrastructure, and systems to the impacts of flooding. It involves 

the ability to predict, prepare for, and respond to potential flood events through forecasting, early 
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warning systems, and risk assessments (Zevenbergen et al., 2020). Flood resilience also includes the 

capacity to absorb floodwaters and mitigate immediate impacts through structural measures, as well 

as the capability to adapt to changing conditions and reduce future risks through flexible and 

adaptive management practices, nature-based and interactive solutions, along with having room for 

innovative technologies (Fang et al., 2023). Additionally, it entails the effectiveness of post-flood 

recovery efforts, including the rebuilding of infrastructure, restoration of services, and support for 

affected communities to return to normalcy or even improve upon pre-flood conditions(Ali et al., 

2020). Therefore, flood resilience requires a holistic approach that integrates environmental, social, 

economic, and technological aspects to create sustainable and adaptable systems capable of 

withstanding and recovering from high water events, thereby enhancing the overall resilience of 

communities in facing flooding while ensuring their safety and stability in the face of more frequent 

and extreme weather (Zevenbergen et al., 2020). 

4.1.1 Traditional Flood Resilience Measures 
Traditional flood resilience measures primarily focus on infrastructure-based approaches designed 

to control and manage water flow, thereby protecting urban and rural areas from inundation per 

advise of technocratic stakeholders (i.e. experts, engineers, technical boards and councils) 

(Zevenbergen et al., 2020) . These methods include the construction of levees, dams, and barriers. 

Levees and floodwalls are typically used to prevent rivers from overflowing and flooding adjacent 

lands, while dams regulate river flow and store excess water during peak rainfall periods. Barrier 

systems, such as the Maeslantkering in the Netherlands, provide critical protection for coastal and 

estuarine regions against storm surges (Jonkman et al., 2018). One of the fundamental 

characteristics of traditional flood resilience measures is their need for integration over large areas 

and systems. Such large scale infrastructure projects are extensive and complex, often requiring 

substantial financial investment and long-term commitment to both construction and maintenance 

(Aerts, 2018). The scale of these projects means that they must be meticulously planned and 

implemented over many years, sometimes decades, to ensure their effectiveness. This also means 

that any failures in these systems can have widespread and catastrophic consequences, making 

regular maintenance and upgrades imperative (Horning & Neumann, 2008). 

Moreover, traditional flood resilience infrastructure is generally designed to withstand a maximum 

predicted and projected water level, following technocratic principles of load and bearing. These 

designs are based on historical data and models that predict the likelihood of specific flood events 

(Yen, 2000). However, as climate change continues to alter weather patterns, the intensity and 

frequency of extreme weather events are increasing, often exceeding the designed capacity of these 

systems. As a result, traditional flood defenses may become less and less effective over time, 

necessitating costly and ever-more complex adaptations or expansions to meet future conditions 

(Galloway et al., 2018). Although traditional flood resilience measures have inherent limitations, 

they have historically proven to be the most effective means of safeguarding against flood risks up 

until the present day. Countries like the Netherlands have demonstrated the success of these 

measures, showcasing their ability to safeguard vast and densely populated areas (Jonkman et al., 

2018). However, it is important to note that these infrastructure-based solutions are primarily 

applied in the developed world or the "Global North," where financial resources and technical 

expertise are more readily available. This leaves many regions in the developing world or the "Global 

South" without the same level of protection, highlighting a significant disparity in global flood 

resilience capabilities (McDermott, 2022). 
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Another critical limitation of traditional flood resilience measures is that they do not necessarily 

promote fast responses to flooding. These systems are typically reactive rather than proactive, 

focusing on controlling water after it has already started to rise (Loggia et al., 2020). While they can 

prevent immediate flooding in certain areas, they do not contribute to the broader resilience of 

communities by enhancing their ability to anticipate and prepare for floods. This lack of rapid 

response capability can lead to significant delays in emergency response and recovery efforts, 

exacerbating the impact of floods on affected populations (Loggia et al., 2020). Furthermore, 

traditional flood resilience measures often fail to address the underlying vulnerabilities of 

communities to flooding. By focusing predominantly on large-scale infrastructure, these approaches 

may overlook the need for community engagement, education, and local-level adaptations that can 

enhance overall resilience (Zevenbergen et al., 2020). Without incorporating these elements, 

traditional measures may not fully address the diverse and dynamic nature of flood risks, leaving 

communities susceptible to severe impacts. While traditional flood resilience measures provide 

essential protection against flooding, they are not without limitations. The need for integration over 

large areas, substantial financial investment, and long-term maintenance, coupled with their design 

for specific projected water levels, renders them less adaptable to future climatic changes (Yen, 

2000). Additionally, their reactive nature does not support fast responses to flooding, nor do they 

inherently enhance the broader resilience of communities. As climate change continues to challenge 

existing flood defense systems, it is increasingly clear that a more integrated and adaptive approach 

to flood resilience is necessary to protect communities effectively (Loggia et al., 2020). 

4.1.2 Innovative Approaches to Flood Resilience 
To address the limitations of traditional flood resilience measures, innovative approaches have 

emerged that aim to enhance the overall resilience of communities and areas in the face of flooding 

events. These innovative approaches can be broadly categorized into four main areas: nature-based 

solutions, community-based adaptation, the integration of technology and data analytics (Takin et 

al., 2023). All of these categories have the potential to fall within the scope of what is considered 

frugal innovation. As such, they should emphasize the development of cost-effective, functionally-

core, and socially-relevant solutions, which can play a crucial role in enhancing flood resilience, 

particularly in resource-constrained communities (Weyrauch & Herstatt, 2016). Such innovative 

approaches can provide a more integrated and adaptive approach to flood resilience, which in turn 

can better protect communities in the face of climate change and extreme weather events. These 

can be done in complement to existing traditional methods or as a standalone solution, depending 

on the location and situation (Pearson et al., 2018). A comprehensive and multi-faceted approach is 

essential to address the dynamic challenges posed by flood events effectively. This involves 

integrating nature-based solutions, community-based adaptation, the integration of technology and 

data analytics, and frugal innovation to enhance overall flood resilience. 

Nature-based solutions for flood resilience focus on utilizing and restoring natural ecosystems to 

manage water flow and mitigate the impact of flooding . These solutions may include the restoration 

of wetlands, the creation of floodplains, and the implementation of sustainable urban drainage 

systems (Cohen-Shacham et al., 2019). Complementing these nature-based solutions are 

adjustments to the built environment itself. Increasing the permeability of surfaces in urban areas, 

for example, can allow water to infiltrate the ground, reducing surface runoff and the strain on 

drainage systems (Cohen-Shacham et al., 2019). This can involve incorporating permeable 

pavements, green roofs, and infiltration trenches into urban design. Furthermore, changes to urban 

planning can create "room for the river" by strategically designating areas for floodwater storage 
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and conveyance, working with natural water flow patterns rather than trying to constrain them 

(Sörensen et al., 2016).  

These nature-based approaches provide flood protection while also providing for additional 

environmental and social co-benefits, such as improved biodiversity, recreational opportunities, and 

urban heat island mitigation (Fang et al., 2023). An interesting example of a nature-based solution 

currently being developed is the Emerald Tutu project in Boston. This innovative project, involves 

deploying floating mats of marsh grass and seaweed around the city’s harbor (Hopkins, 2022). These 

mats, which resemble a “tutu” encircling the waterfront, are designed to absorb wave energy and 

reduce the impact of storm surges, thereby mitigating coastal flooding (Hopkins, 2022). Therefore, 

The Emerald Tutu is an example of flood protection which also enhances water quality and offers 

recreational spaces for the community. The modular nature of these mats allows for flexibility and 

scalability, making it a promising solution that also promotes adaptability towards inclement 

weather for other coastal cities facing similar challenges (Cohen-Shacham et al., 2019). 

Community-based adaptation, on the other hand, emphasizes the active involvement of local 

communities in the development and implementation of flood resilience strategies (Loggia et al., 

2020). This approach recognizes that communities have a deep understanding of their local contexts 

and vulnerabilities, and can therefore play a vital role in identifying appropriate solutions. 

Community-based adaptation may include initiatives such as flood risk mapping, early warning 

systems, and the development of emergency response plans tailored to the specific needs of a 

community (Cooper & Pile, 2014). An interesting case is found in the community of Kampung Melayu 

in Jakarta, Indonesia, where local residents collaborated with non-governmental organizations to 

create community flood maps and establish a neighborhood flood early warning system (Karyono et 

al., 2017). This initiative empowered the local community to elevate their preparedness and 

response to upcoming and potentially more severe flooding events.  

The integration of technology and data analytics offers new opportunities for enhancing flood 

resilience. The rapid advancements in remote sensing, geographic information systems, and 

predictive modeling can provide valuable insights into flood risk and enable more informed decision-

making. These technologies can support the development of early warning systems, real-time 

monitoring of flood conditions, and the optimization of emergency response strategies (Yuan et al., 

2022). Additionally, the use of big data and analytics can help identify patterns, trends, and 

vulnerabilities, allowing for more proactive and targeted interventions (Yuan et al., 2022). One 

promising application of data analytics in flood resilience is the use of machine learning algorithms 

to improve flood prediction and response. In this case, data from multiple sources such as river flow 

gauges, weather stations, and satellite imagery are integrated and analyzed using machine learning 

models to predict flood events with greater accuracy (Mosavi et al., 2018). These models can identify 

emerging flood risks by analyzing real-time data and historical patterns, enabling authorities to issue 

timely warnings and deploy resources more effectively. Furthermore, data analytics can facilitate the 

optimization of evacuation routes and emergency response plans by simulating various flood 

scenarios and assessing their potential impacts (Yuan et al., 2022). This proactive approach enhances 

the ability of communities to respond swiftly and efficiently to flood threats, thereby reducing the 

overall damage and ensuring a quicker recovery. 

When considering the role of frugal innovation within flood resilience, it becomes evident that there 

is significant potential for cost-effective and accessible solutions to emerge. Frugal innovation, which 

emphasizes the development of products and services that are affordable, accessible, and 

sustainable, can play a crucial role in enhancing flood resilience, particularly in resource-constrained 



 

Page | 35 
 

communities (Brem et al., 2020). One example of frugal innovation in flood resilience is the use of 

low-cost sensors and IoT devices to establish community-based early warning systems (Yuan et al., 

2022). These systems can provide affordable and localized flood monitoring and alert mechanisms, 

empowering communities to take proactive measures to safeguard themselves. Additionally, rather 

than relying solely on large-scale, capital-intensive infrastructure, frugal innovations may involve the 

use of locally available materials to create temporary barriers or flood-resilient housing (Perricone 

et al., 2023).  

4.1.3 Integrating Flood Resilience with Society 
The successful integration of flood resilience with society requires a comprehensive and integrated 

approach that acknowledges the complex interplay between the built environment, natural systems, 

and the needs and mobilization of local communities (Loggia et al., 2020). Several alternatives 

demonstrate promising potential to facilitate the integration of flood resilience with society. These 

include the implementation of early warning systems, the adoption of participatory approaches to 

flood resilience, the prioritization of long-term planning, and the establishment of non-partisan 

mechanisms to ensure sustained commitment to flood resilience initiatives (Zevenbergen et al., 

2020). In this context, early alarm systems, which leverage advancements in technology and data 

analytics, play a crucial role by providing communities with timely and accurate information about 

impending flood events, thus enhancing the integration of flood resilience measures within society 

(Yuan et al., 2022). These systems can be developed to integrate data from various sources, such as 

weather forecasts, river level sensors, and satellite imagery, to generate real-time flood predictions 

and warnings (Yuan et al., 2022) with a relatively low cost involved in building heavy infrastructure. 

By disseminating this information through multiple channels and community outreach, they can 

empower residents to take appropriate actions, such as evacuation or the implementation of 

temporary flood protection measures (Raub et al., 2024).  

Participatory flood resilience, on the other hand, emphasizes the active involvement of local 

communities in the planning, implementation, and maintenance of flood resilience strategies 

(Zevenbergen et al., 2020). This approach recognizes that communities have a deep understanding 

of their local contexts, vulnerabilities, and needs, and can therefore play a vital role in the co-creation 

of effective and sustainable solutions. Participatory approaches may involve the establishment of 

community-based flood risk mapping, the development of emergency response plans, and the 

implementation of nature-based solutions that integrate local knowledge and resources (Hughes et 

al., 2021). Traditional methods and local knowledge offer valuable insights into decentralized, 

community ownership for flood defenses. For example, ancient rice terraces in Asia, such as those 

found in Thailand and Vietnam, have been maintained for centuries as natural flood control systems 

(Xiaoying, 2019). These terraces effectively manage water flow by slowing it down and utilizing the 

landscape itself, fostering a participatory approach to flood resilience. Such methods inspire modern 

cities to develop community-led, nature-based solutions that encourage local ownership and 

involvement in flood defense systems, ensuring sustainability and societal engagement and have 

been steadily valued for both by society and the governance for their added value in fostering flood 

defenses (Xiaoying, 2019). However, it is crucial to highlight that local communities are not the root 

of the problem. The misalignment of external frameworks and their lack of adaptability to the local 

context is often what renders these initiatives ineffective. Rather than blaming local conditions, it is 

essential to emphasize that the incorporation of frugal innovation and, thus tr community 

knowledge can lead to more resilient and socially integrated flood defense systems. The key lies in 

adaptation, not replacement (Yasmin et al., 2019). One illustrative example is found in the city of 

Surat, India, where the municipal government collaborated with local communities to develop a 
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comprehensive flood resilience plan (Bhat et al., 2013). Through this collaborative process, the plan 

incorporated locally relevant solutions, such as the construction of elevated pathways and the 

restoration of natural drainage channels, while also strengthening community preparedness and 

emergency response capabilities while also engaging and providing ownership of the defensive 

systems to the community (Bhat et al., 2013). 

Figure 8 : How Ancient Terraces Inspired Flood Resilience 

 

From “https://www.bbc.com/future/article/20240805-how-ancient-rice-terraces-inspire-flood-resilience-in-asian-cities, 2024, 

(https://www.bbc.com/future/article/20240805-how-ancient-rice-terraces-inspire-flood-resilience-in-asian-cities/) 

To ensure the effectiveness and sustainability of flood resilience initiatives, decision-making 

processes must include mechanisms to prioritize flood resilience and long-term planning (Pearson 

et al., 2018). This prioritization should be embedded within urban and regional planning 

frameworks, ensuring that flood resilience is considered in all relevant policies and projects . 

Additionally, it is crucial that these mechanisms operate in a non-partisan and non-politically 

dependent manner to avoid short-termism and ensure continuity and consistency in flood resilience 

efforts (Takin et al., 2023). By establishing independent bodies or councils with the mandate to 

oversee flood resilience planning and implementation, communities can safeguard against political 

fluctuations and ensure that flood resilience remains a consistent priority (Stokkom & Smits, 2005). 

The water boards in the Netherlands, with their long-standing tradition of water management, 

provide a compelling example of such independent mechanisms for overseeing flood resilience 

planning and implementation (Stokkom & Smits, 2005). These decentralized, democratically-elected 

bodies have been responsible for managing the country's complex network of dikes, canals, and 

water infrastructure for centuries, ensuring a consistent and non-partisan approach to flood 

prevention and mitigation. The water boards' autonomous status, coupled with their technical 

expertise and community-based decision-making processes, have enabled them to navigate political 

changes and maintain a steadfast focus on long-term flood resilience strategies (Stokkom & Smits, 

2005). This model of institutionalized, community-driven water governance offers valuable insights 

for other countries seeking to establish similarly robust and enduring flood resilience frameworks 

tailored to their local contexts (Matczak & Hegger, 2021). However, merely replicating such models 

in other countries without adapting to local governance structures would potentially prove to be 

insufficient. There must be adaptation to create these mechanisms within the local context (Yasmin 

et al., 2019). 
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4.1.4 Flood Resilience Maintenance: Challenges and Opportunities 
The maintenance of flood resilience infrastructure and systems is a critical yet often overlooked 

aspect of ensuring long-term effectiveness. Neglecting maintenance can lead to the gradual 

deterioration of flood protection measures, ultimately compromising their ability to withstand and 

respond to flood events (Pearson et al., 2018).  

One of the key challenges in flood resilience maintenance is the need for sustained financial 

resources and political commitment. Maintaining flood infrastructure, necessitates a consistent and 

reliable flow of funding for regular inspections, repairs, and upgrades. However, in many cases, the 

fluctuations in political priorities and election cycles can disrupt the continuity of funding for flood 

resilience, leading to deferred maintenance and increased vulnerability (Yen, 2000). Ensuring 

political stability and the clear delineation of institutional responsibilities at the municipal, 

provincial, and federal levels are crucial in managing flood resilience (Matczak & Hegger, 2021). The 

overlapping jurisdictions and ambiguous accountability across these levels can prove challenging, as 

multiple institutions may share responsibility for certain aspects, while other crucial areas may be 

left unattended. Establishing clear lines of jurisdiction and accountability across different levels of 

government is, thus, essential for maintaining a coherent and effective flood resilience strategy. 

Another challenge lies in the complexity of coordinating and integrating the maintenance of diverse 

flood resilience components, which may be managed by multiple and fragmented stakeholders in a 

globally dependent supply chain (Matczak & Hegger, 2021). This diversity of stakeholders involved 

often means that they have divergent motives and objectives, potentially leading to gridlock and in 

turn requiring cautious negotiation to achieve compromise. This paradoxical dynamic (i.e. all parties 

potentially prioritizing personal gain over the all ensuing goal of long term flood resilience) becomes 

further complicated when a solution is transplanted from a different geographical context with 

distinct prevailing conditions and operational norms, necessitating substantial adaptation to align 

with the local context and institutional frameworks (Smith & Lewis, 2011). 

4.1.5 Community Vulnerability to Flooding 
Vulnerability is a crucial concept in flood resilience, particularly within the context of developing 

countries, where the combination of biophysical risks and social inequalities exacerbates the impact 

of flood events. Vulnerability is commonly understood as the susceptibility of a community to harm 

due to exposure to hazards and the limitations of its adaptive capacity. Community vulnerability, in 

this context, extends beyond physical exposure to flood hazards; it is deeply tied to social inequality, 

poverty, and social exclusion (Nur & Shrestha, 2017). Communities that are socially and economically 

marginalized often face compounded risks due to their precarious living conditions, limited access 

to resources, and weak political representation. These factors render them less able to prepare for, 

cope with, and recover from flooding events, leading to disproportionate impacts on these groups 

(Nur & Shrestha, 2017). 

Rampant social inequality and poverty further entrench vulnerability, as poorer communities are 

often forced to reside in flood-prone areas with inadequate infrastructure (Rentschler et al., 2022). 

Their exclusion from decision-making processes exacerbates their vulnerability, as their voices are 

seldom considered in flood management planning. Social exclusion also plays a significant role, as 

marginalized groups are frequently overlooked in policy-making, leaving them without the support 

structures needed for resilience (Choudhury & Haque, 2016) . These marginalized populations end 

up experiencing the direct threats of flooding, while also sustaining the prolonged socioeconomic 

ramifications that further entrench their vulnerable status (Rentschler et al., 2022). 
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In the context of flood resilience, community vulnerability encompasses various dimensions, 

including social, economic, and institutional factors. Marginalized groups, often residing in flood-

prone areas, are more vulnerable due to limited access to resources, weak governance structures, 

and inadequate infrastructure. The barriers to sustainable flood management in Brazil, for example, 

highlight how socio-economic inequalities and poor institutional coordination exacerbate 

community vulnerability (Vasconcelos et al., 2021). Key barriers include the lack of long-term 

planning, insufficient design standards, and the reluctance to change existing strategies. Such 

barriers in turn prevent vulnerable populations from accessing effective flood protection measures. 

Vulnerability is also compounded by the lack of dissemination and knowledge, particularly in 

communities with limited technical expertise in sustainable urban drainage systems (Nur & Shrestha, 

2017). For instance, In Brazil, stakeholders identified "lack of dissemination" as one of the most 

pressing barriers to implementing effective stormwater management practices. Engaging and 

empowering vulnerable communities to address barriers is crucial for reducing vulnerability and 

enhancing long-term flood resilience (Vasconcelos et al., 2021).  

A significant paradox emerges when technocratic models, often used in flood management, fail to 

address the social and institutional challenges specific to vulnerable communities (Smith & Lewis, 

2011). These top-down approaches, while offering modern solutions, can inadvertently increase 

vulnerability by overlooking local knowledge and adaptation practices. This creates tension between 

external expertise, which seeks universal solutions, and local realities that require context-specific 

strategies. The global push for standardized flood resilience measures often clashes with the unique 

needs of communities, limiting their ability to actively participate in shaping their own resilience 

frameworks (Smith & Lewis, 2011). Addressing community vulnerability, thus, requires solutions that 

go beyond technocratic fixes and prioritize inclusive, locally-driven strategies. Therefore, Flood 

resilience must be approached from a social perspective, with an emphasis on inclusive measures 

that prioritize the needs of vulnerable populations (Nur & Shrestha, 2017). Frugal innovations, such 

as nature-based solutions, offer promising pathways to reduce vulnerability by integrating local 

knowledge and low-cost strategies into flood management frameworks. 

4.1.6 Future Challenges in Flood Resilience 
The future of flood resilience faces a multitude of formidable challenges, including the accelerating 

impacts of climate change, rapid urbanization, and the increasing frequency of extreme weather 

events. Climate change is a primary driver of the escalating flood risk, as it manifests through rising 

sea levels, intensified precipitation patterns, and the increased likelihood of extreme weather 

occurrences (McDermott, 2022). The impacts of climate change are not limited to coastal regions, 

as inland areas also face aggravated risks of riverine and pluvial flooding due to the changes in 

precipitation regimes (McDermott, 2022). Responding to these climate-driven challenges requires a 

fundamental shift in flood resilience strategies, moving beyond traditional infrastructure-centric 

approaches to more holistic and adaptive solutions, Particularly with regard to the prevailing 

conditions in the Global South, which tend to have aggravated hazards and risks associated with 

flooding events (Takin et al., 2023). The rapid pace of urbanization, particularly in the developing 

world, poses another significant challenge to flood resilience. As more people migrate to urban 

centers, the concentration of assets, infrastructure, and population in flood-prone areas increases, 

amplifying the potential for catastrophic consequences during flood events (McDermott, 2022). 

Innovative approaches to urban planning and design, such as weaving more nature-based 

integration within the city grounds, will be crucial in building resilience within these densely 

populated and complex urban systems (Sörensen et al., 2016). Furthermore, the increasing 

frequency of extreme weather events, including intense rainfall, hurricanes, and monsoons, poses a 
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formidable challenge to already existing flood resilience efforts. These events can overwhelm even 

the most robust flood protection measures, underscoring the need for a multifaceted approach that 

combines structural and non-structural interventions, early warning systems, and community-based 

adaptation strategies (Loggia et al., 2020). 

Ultimately, the future of flood resilience will require a paradigm shift that embraces a more 

comprehensive, integrated, and adaptive approach in contrast to the existing more reactive 

approach (Raub et al., 2024). This will necessitate a combination the factors included in this 

discussion, including technological advancements, nature-based solutions, community engagement, 

and robust institutional frameworks to address the complex and evolving challenges posed by 

climate change, urbanization, and extreme weather events (Loggia et al., 2020).  

4.2 Paradox Perspective 

Contemporary social and organizational realities are inherently complex, marked by the coexistence 

of contradictions and conflicting angles, often weaved in a mutually dependent manner (Smith & 

Lewis, 2011). The Paradox Perspective has emerged as a prominent theoretical framework for 

understanding and navigating these contradictions, especially in contexts where multiple 

stakeholders often have conflicting motives and viewpoints. In the domain of flood resilience, a 

central paradox arises from the over-reliance on technocratic, expert-driven solutions that neglect 

the critical role of societal involvement. Technocratic solutions may be technically sound but often 

fail to engage local communities, resulting in ineffective or unsustainable outcomes. Unlike 

traditional approaches that seek a singular, optimal solution to complex problems, the paradox 

perspective posits that tensions and contradictions are intrinsic to both organizational and social 

realities. For flood resilience, this means that technocratic solutions must be balanced with 

community-driven, context-specific needs. Success, therefore, lies in the ability to recognize, 

embrace, and skillfully manage these paradoxes over time (Smith & Lewis, 2011). The origins of the 

paradox perspective can be traced back to earlier explorations in organizational theory and strategic 

management, where scholars recognized the persistence of tensions and dualities within 

organizational life and grappled with the complexities and dilemmas faced by leaders and 

organizations, initially framing these as dilemmas or challenges to be resolved (Lewis, 2000).  

Smith and Lewis (2011) defines paradox as "contradictory yet interrelated elements that exist 

simultaneously and persist over time." This definition highlights two core components: the 

underlying tensions, which are elements that seem logical individually but inconsistent when 

juxtaposed, and the responses that embrace these tensions simultaneously. For flood resilience, 

this highlights the need to manage the tension between technocratic, top-down solutions and the 

local, socio-geographic needs of communities. This framework challenges the traditional notion of 

resolving paradoxes as problems and instead proposes a Dynamic Equilibrium Model of organizing. 

This model depicts how purposeful and cyclical responses to paradoxical tensions enable 

organizations to achieve sustainability by achieving peak performance in the present while ensuring 

long-term success (Smith & Lewis, 2011). 
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4.2.1 Understanding the Paradoxes  

Flood resilience planning is shaped by a set of inherent paradoxes that stem from the fundamental 

tension between technocratic, expert-driven solutions and the socio-geographic realities of 

communities affected by flooding. While large-scale, standardized approaches often prioritize 

efficiency, long-term viability, and structural robustness, they may fail to adequately account for 

local needs, social dynamics, and environmental variability. On the other hand, adaptive, 

community-driven solutions offer flexibility and responsiveness but can struggle with scalability, 

institutional support, and long-term sustainability (Raub et al., 2024). These paradoxes reflect the 

broader challenges of integrating top-down governance with bottom-up resilience efforts, balancing 

financial and technical constraints, and aligning short-term recovery with long-term planning. By 

categorizing and analysing these paradoxes, this section aims to illuminate the complex trade-offs 

that decision-makers must navigate in flood resilience planning. Understanding these tensions is 

essential for developing strategies that bridge the gap between technocratic control and community 

adaptability, ultimately leading to more effective, inclusive, and sustainable flood resilience 

measures. Finally, this study highlights the relevance of mapping and further managing these 

tensions through the Dynamic Equilibrium Model by Smith and Lewis (2011). 

4.2.1.1 Simplicity vs. Complexity Paradox 

Flood resilience planning often faces a paradox between simplicity and complexity, where 

technocratic solutions tend to favor large-scale, complex infrastructure that can be challenging to 

adapt to specific local contexts. Frugal innovation, on the other hand, offers more straightforward, 

flexible solutions that cater to the pressing needs of affected communities (Bhatti & Ventresca, 

2013). However, technocratic approaches, engineered for widespread applicability, often reinforce 

standardized solutions that are not readily adaptable to the diverse and evolving realities of the 

Global South (Pritchett & Woolcock, 2003). This results in a disconnect between global frameworks 

that push for technically sophisticated, complex solutions and the need for practical, easily 

implementable alternatives. 

The challenge lies in carefully balancing the preference for large-scale infrastructure projects—often 

favored due to their perceived robustness, long-term viability, and political showmanship—with the 

urgent demand for adaptable, community-driven solutions that promote sustainability and 

inclusivity (Yasmin et al., 2019). Technocratic approaches typically prioritize standardized solutions 

designed for broad application, often shaped by global directives and expert knowledge from the 

developed world. However, these solutions may fail to fully account for the unique socio-geographic 

conditions of different regions, making them difficult to implement effectively (Yasmin et al., 2019). 

In contrast, frugal innovations that emerge from local knowledge and resource constraints can 

provide cost-effective, flexible alternatives that are better tailored to specific challenges. These 

solutions prioritize practical implementation and adaptability, often requiring fewer resources and 

infrastructure investments. Successfully navigating this paradox requires decision-makers to 

integrate both technocratic and community-driven perspectives, ensuring that large-scale 

infrastructure projects incorporate mechanisms for local adaptation while empowering grassroots 

innovations that enhance flood resilience (Loggia et al., 2020). 
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4.2.1.2 Short-Term vs. Long-Term Sustainability Paradox 

Flood resilience planning involves a fundamental paradox between short-term adaptability and 

long-term sustainability. Technocratic approaches typically prioritize high-cost, long-term 

investments aimed at ensuring resilience over extended periods (Restemeyer et al., 2018). However, 

these long-term plans often remain unimplemented or become obsolete as socio-economic and 

environmental conditions change, preventing their anticipated benefits from materializing (Voß et 

al., 2009). The time horizon of such planning frequently clashes with the urgent and evolving nature 

of flood risks, requiring solutions that can respond dynamically to immediate challenges. 

Frugal innovation, in contrast, offers low-cost, flexible solutions that address immediate needs, 

embodying a "living with water" philosophy that fosters rapid adaptation and recovery. Nature-

based solutions, for instance, can be more affordable and easier to rebuild than large-scale 

infrastructure projects such as dams. However, the paradox deepens as the long-term effectiveness 

of frugal solutions depends on sustained community involvement, which can fluctuate over time, 

leading to challenges in ensuring their continuity (Loggia et al., 2020). This paradox highlights the 

difficulty of balancing short-term adaptability with the perceived durability of large-scale, long-term 

planning—both of which can falter under shifting conditions. Achieving an effective balance 

requires integrating flexible, community-responsive innovations with forward-looking, sustainable 

investments to ensure resilience strategies remain relevant and effective over time. 

4.2.1.3 Local Adaptability vs. Scalability Paradox 

Flood resilience planning often faces a paradox between the need for scalable, standardized 

solutions and the necessity for locally adaptable approaches. Technocratic frameworks frequently 

prioritize uniform solutions that emphasize scalability, standardization, and robustness, aiming for 

broad applicability (O’Brien et al., 2012). While this approach can enhance efficiency and streamline 

implementation, it often fails to account for the distinct socio-geographic characteristics and specific 

needs of individual communities (Yasmin et al., 2019). Conversely, frugal innovation thrives on 

flexibility and responsiveness, tailoring solutions to the unique challenges of different 

environments. Locally driven approaches can offer more context-specific, practical alternatives that 

directly address community needs (Loggia et al., 2020). However, these adaptable solutions can 

struggle with institutional integration and scalability, making it difficult to implement them at a 

broader level without losing their core flexibility. The tension emerges as large-scale frameworks 

often disregard the local nuances that make frugal solutions effective, while decentralized, 

community-driven efforts may lack the structural support needed for widespread adoption (Yasmin 

et al., 2019). Navigating this paradox requires finding a balance where scalable solutions incorporate 

mechanisms for local adaptation. Decision-makers must ensure that flood resilience strategies are 

not solely dictated by broad institutional priorities but also allow room for flexible, community-

driven approaches to coexist and thrive (O’Brien et al., 2012). 

4.2.1.4 Flexibility vs. Institutional Control Paradox 

Flood resilience planning faces a tension between flexibility and institutional control. Frugal 

innovations, often emerging from community-driven initiatives, are inherently adaptable and 

responsive to unique socio-geographic conditions (Loggia et al., 2020). These solutions thrive on 
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their ability to be customized to specific local challenges, making them highly effective in addressing 

diverse flood resilience needs. However, for such innovations to be widely adopted and sustained, 

they must be integrated into formal institutional frameworks that tend to emphasize 

standardization, consistency, and centralized control. This creates a paradox, as the flexibility and 

adaptability that make frugal solutions effective often clash with the structured, uniform 

requirements of institutional systems, which prioritize scalability and regulatory compliance over 

localized adaptability (Pritchett & Woolcock, 2003). Institutional frameworks typically favour 

structured, top-down approaches that can be implemented at scale, often overlooking the potential 

benefits of decentralized, community-led solutions (O’Brien et al., 2012). Technocratic systems 

frequently resist these flexible solutions due to perceived risks, regulatory constraints, or concerns 

about their compatibility with existing standards (Voß et al., 2009). This resistance can prevent 

frugal innovations from being widely adopted or scaled, even when they offer more effective, cost-

efficient alternatives tailored to specific community needs (O’Brien et al., 2012). Addressing this 

paradox requires striking a balance between institutional control and the need for adaptability. 

Decision-makers must explore ways to integrate flexibility into broader institutional structures while 

ensuring that standardized approaches do not undermine the effectiveness of locally driven 

innovations. This shift necessitates a re-evaluation of how institutions perceive and incorporate 

local knowledge and community-driven solutions, fostering a governance model that 

accommodates adaptability without compromising scalability (Bhatti & Ventresca, 2013). 

4.2.1.5 Local Level: Frugality vs. Perception of Sophistication Paradox 

Flood resilience planning often encounters a paradox between cost-effective, practical solutions and 

the high-tech, complex approaches favored by technocratic systems and transnational frameworks. 

Frugal innovation, which frequently emerges from local knowledge and resource constraints, 

provides efficient, low-cost solutions tailored to immediate needs. However, these solutions are 

often perceived as less sophisticated by higher-level actors, who equate technological advancement 

with effectiveness and modernity (Pritchett & Woolcock, 2003). This paradox becomes evident 

when frugal solutions are dismissed as unviable in favor of more complex, globally recognized 

alternatives that are perceived as superior, cutting-edge, or more aligned with international 

standards. Such preferences can also be influenced by political one-upmanship and career-building 

incentives among policymakers, further sidelining practical, locally driven solutions (Voß et al., 

2009). 

Communities that prioritize cost-efficiency and practicality often find their approaches undervalued, 

despite their proven effectiveness in specific socio-geographic contexts (Pritchett & Woolcock, 

2003). This creates a disconnect between the need for affordable, adaptable solutions and the 

global preference for standardized, high-tech strategies that may not fully address localized 

challenges (O’Brien et al., 2012). Navigating this paradox requires decision-makers to recognize the 

value of frugal innovation while balancing it with the need for solutions that meet broader technical 

and regulatory benchmarks. By integrating community-driven frugal solutions alongside 

technocratic approaches, flood resilience strategies can become both effective and sustainable 

(Yasmin et al., 2019). The key challenge is to shift perceptions so that frugality is not equated with 

a lack of sophistication but rather acknowledged as a viable, context-specific approach to resilience 

(Loggia et al., 2020). 
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As explored in the preceding discussion, the paradoxes that emerge in flood resilience planning 

highlight the tensions between large-scale, standardized solutions and the need for adaptable, 

context-specific approaches. These paradoxes influence decision-making processes and the 

effectiveness of resilience strategies by shaping how different stakeholders, ranging from 

policymakers to local communities, navigate conflicting priorities (Smith & Lewis, 2011). The 

following table categorizes these paradoxes and provides a concise explanation of each: 

Table 2 : Paradox Classification and Explanation Table 

Paradox Explanation 

Simplicity vs. 
Complexity 

Large-scale, complex solutions often dominate 
resilience planning, while frugal innovations offer 
simpler, immediate solutions. 

Short-Term vs. Long-
Term Sustainability 

Global frameworks focus on long-term 
investments, often overlooking immediate, low-
cost interventions offered by frugal innovation. 

Local Adaptability 
vs. Scalability 

The challenge is balancing the need for localized, 
adaptable solutions with the need for scalability 
across different regions. 

Flexibility vs. 
Institutional Control 

Grassroots innovations are tailored to local 
contexts, while institutional frameworks prioritize 
standardized, scalable approaches, leading to 
tensions between flexibility and control. 

Frugality vs. 
Perception of 
Sophistication 

Local communities may value frugality and 
practicality, while higher-level frameworks 
perceive frugality as lacking sophistication or 
prestige. 

 

Global frameworks and technocratic solutions often dominate decision-making processes, 

prioritizing long-term investments along with scalable and complex solutions. However, this top-

down approach can overlook the immediate needs of local communities, which may be better 

served by more adaptable and nature-integrative solutions found within the domain of what is 

known as frugal innovation (O’Brien et al., 2012). Similarly, tensions emerge within governance 

structures, where institutions seek to maintain control through standardized approaches, while 

grassroots innovations introduce flexibility that may challenge institutional norms and customs 

(Driessen et al., 2018). Additionally, while communities often prioritize practicality and frugality, 

higher-level actors may undervalue these approaches, perceiving them as lacking sophistication 

(O’Brien et al., 2012). The table presented above categorizes these paradoxes, offering explanations 

for their underlying tensions. This categorization is crucial for understanding the interplay between 

different actors in flood resilience planning and for identifying how solutions like frugal innovation 

can be best applied to navigate these tensions. By breaking down these paradoxes, this research 

provides a clearer roadmap for how stakeholders can work together to achieve flood resilience 

while addressing the overarching technocratic versus socio-geographic paradox (Chapardar, 2016). 

Ultimately, the deadlock of flood resilience failure in the Global South stems from the misalignment 

between top-down frameworks and the socio-geographic realities of local communities, rather than 

inherent local limitations. 
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This breakdown is particularly relevant in the context of the Dynamic Equilibrium Model (Smith & 

Lewis, 2011), which emphasizes the importance of managing and balancing paradoxes over time 

rather than attempting to resolve them outright. By recognizing the level at which each paradox 

operates, decision-makers will better understand how to navigate these competing demands, 

creating a more long-term and compromise to achieve solutions for flood resilience in the Global 

South. 

4.2.2 Dynamic Equilibrium Model of Paradox 
Figure 9: A Dynamic Equilibrium Model of Organizing 

 

From “Toward a Theory of Paradox: A Dynamic Equilibrium Model of Organizing”, by Smith & Lewis, 2011, 

(https://doi.org/10.5465/amr.2011.59330958) 

The Dynamic Equilibrium Model of Paradox is a conceptual framework developed by Smith and 

Lewis (2011) that helps organizations understand and manage the inherent contradictions and 

tensions they face. This model emphasizes the simultaneous existence of contradictory yet 

interrelated elements, termed paradoxes, that persist over time and must be continuously managed 

to achieve long-term sustainability. Unlike traditional management theories that advocate for 

choosing between competing demands, the dynamic equilibrium model focuses on embracing and 

balancing these tensions to enhance organizational resilience and adaptability (Smith & Lewis, 

2011).  

In the context of flood resilience, a key paradox arises between technocratic, expert-driven 

approaches and the need for societal involvement. Technocratic solutions, which are heavily 

dependent on engineering and infrastructure, may fail to account for local knowledge and the socio-

cultural realities of the communities they are designed to protect. The dynamic equilibrium model 
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provides, thus, a lens to balance technocratic exertise and community-driven needs without 

negating the importance of either. Furthermore, this model will be used to investigate the paradox 

of achieving flood resilience in the Global South, This model will be applied in this study to examine 

the tensions within existing frameworks for achieving flood resilience in the Global South. The study 

will explore how the paradoxes between transnational frameworks, technocratic solutions, and 

frugal innovation can be navigated to address the socio-geographic complexities of flood resilience 

in the Global South, using the dynamic equilibrium model to examine how transnational frameworks 

and frugal innovation can help to find compromise, thus promoting an equitable balance between 

tensions in turn leading to long-term flood resilience. 

4.2.3 Managing Tensions in Cross-Cultural Collaboration 

Navigating the complexities of cross-cultural collaboration involves managing a delicate balance 

between differing values, communication styles, and expectations, which can often lead to 

misunderstandings and tensions that hinder progress (Papachroni et al., 2014). This challenge is 

particularly evident in fields such as international development and disaster risk reduction, where 

well-intentioned initiatives can fail if they do not adequately consider the cultural contexts in which 

they are implemented. From the paradox perspective, however, these cultural differences are not 

merely obstacles to be overcome but opportunities for fostering learning, innovation, and more 

effective collaboration (Vangen, 2016). Embracing paradoxes inherent in cross-cultural settings 

allows for a more nuanced and adaptive approach that aligns with the dynamic equilibrium model, 

which emphasizes balancing competing demands over time (Smith & Lewis, 2011). 

A prominent paradox in cross-cultural collaboration, particularly within development contexts, is 

the tension between top-down and bottom-up approaches. Global frameworks and best practices, 

often developed with universal applicability in mind, can clash with the specific needs and priorities 

of local communities (Brooks et al., 2020). This tension is mirrored in the technocratic vs. societal 

paradox, where global standards prioritize technical efficiency, and local communities favor 

solutions that align with their cultural values along with their socio-economic realities (O’Brien et 

al., 2012). For example, a flood resilience strategy designed by international experts might 

emphasize large-scale infrastructure projects, while local communities could prioritize nature-based 

solutions or early warning systems more congruent with their cultural values and local knowledge. 

This clash of priorities represents a performing paradox where global goals must be reconciled with 

local realities. Ignoring local perspectives can lead to ineffective interventions that lack community 

buy-in and fail to achieve their intended outcomes (Calton & Payne, 2003). Frugal innovation, by 

contrast, hopes to provide an approach that emphasizes low-cost, adaptable solutions, often built 

on local knowledge and social relevance. (Sheikh et al., 2023). 

Furthermore, rather than placing the blame on local communities or governance structures, the 

challenge here is rooted in the misalignment of global frameworks that lack the flexibility to 

incorporate local knowledge effectively (Yasmin et al., 2019). This misalignment frequently leads to 

solutions that fail to fully capitalize on the strengths of local expertise or adequately address the 

sociocultural complexities of the local context. The paradox lies in the assumption that technocratic, 

top-down approaches are inherently superior, neglecting the critical need to empower local actors 

as valuable contributors to the overarching strategy (Pritchett & Woolcock, 2003). The challenge of 

knowledge transfer further amplifies this tension. While the exchange of expertise and best 
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practices across cultures is crucial, it must be carried out with sensitivity and a deep appreciation 

for the value of local knowledge. Local communities often possess an intimate understanding of 

their environment, vulnerabilities, and coping mechanisms developed over generations. In the 

context of flood resilience, for example, local knowledge might include traditional building 

techniques adapted to flood-prone areas, indigenous knowledge of flood forecasting, or 

community-based early warning systems (Munawar et al., 2021). A paradox-sensitive approach, 

therefore, requires managing the tension between global knowledge dissemination and the 

preservation and integration of local expertise, recognizing that neither approach is inherently 

flawed but rather incomplete without the other (Raub et al., 2024). 

Moreover, cultural differences and existing power dynamics can significantly impact resource 

allocation in disaster response and recovery efforts. Aid distribution may sometimes favor 

communities with greater political influence or those more aligned with the cultural values of the 

donors, exacerbating existing inequalities and undermining the effectiveness of interventions 

(Clarke & Parris, 2019). This highlights another dimension of a paradox: balancing the need for 

equitable resource allocation with the realities of power dynamics and cultural affinities. In this 

instance, the emphasis should not be on perceived deficiencies within local communities and their 

organization, but rather on the challenge of adapting global frameworks to navigate the local power 

dynamics in a manner that promotes inclusivity and fairness (Yasmin et al., 2019). Therefore, a 

paradox perspective here will then encourage a blended approach that acknowledges these 

dynamics while striving for fairness and effectiveness. 

4.2.4 Navigating Paradoxes in Governance and Institutional Frameworks 
Institutional frameworks for governance often embody a paradox between the need for structured 

governance and the desire for effective local actions. On one hand, centralized control and 

standardized rules are crucial for maintaining order, ensuring consistent policy implementation, and 

providing stability across diverse contexts (Lewis, 2000). These uniform guidelines and centralized 

decision-making processes help establish coherence within large-scale systems, especially in 

managing complex issues like flood resilience (Driessen et al., 2018). The challenge here lies in 

integrating the strengths of centralized systems without overlooking the adaptability and flexibility 

brought to the table by local communities to assist in navigating their specific socio-economic and 

environmental contexts (Raub et al., 2024). However, the rigidity of centralized governance can also 

limit the ability of local actors to respond nimbly and creatively to rapidly changing circumstances 

and unique community needs. Local communities frequently possess invaluable, context-specific 

knowledge that could lead to more effective, tailored solutions better aligned with local realities 

(Ensor et al., 2016). This paradoxical tension between the benefits of centralized control and the 

need for decentralized, flexible approaches presents a significant challenge for public agencies 

(Smith & Lewis, 2011). 

Decentralized governance structures, which allocate decision-making authority closer to local 

stakeholders, hold the potential to cultivate more inclusive and innovative approaches to public 

administration (Kim & Jurey, 2013). This approach allows diverse stakeholders to participate more 

actively and influence policy through the modification, adaptation, or reinterpretation of existing 

institutional rules, potentially spurring social change. However, the push-and-pull of this dynamic 

frequently leads to 'incomplete decentralization,' where local governments are granted some 
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autonomy but face ongoing resistance and pushback from higher-level authorities over issues of 

resource allocation, decision-making, and accountability (Marks & Lebel, 2016).  

This resistance suggests that the very act of decentralization can trigger a scalar politics of control, 

with competing claims over the 'right' level for various governance functions. Such tensions 

exemplify the paradoxical interdependence between central authority and local autonomy, where 

attempts to balance these forces may inadvertently undermine both, aligning with the notion of 

persistent contradictions that need to be managed (Smith & Lewis, 2011). Higher-level authorities 

may contend that local stakeholders, driven by their own narrow interests, could undermine 

overarching policy goals if granted too much autonomy. However, it is crucial to emphasize that local 

stakeholders are not directly the root of the problem, but rather the rigid frameworks that fail to 

adjust to the socio-political intricacies of decentralized governance. Furthermore, this may not break 

the vicious cycle of non-implementation of proposed solutions and could lead to further 

fragmentation of governance (Kim & Jurey, 2013). 

The challenge becomes even more pronounced when global frameworks and foreign solutions, often 

developed for the contexts of the Global North, are introduced into developing countries with 

different governance structures and socio-political realities (Raub et al., 2024). In such settings, the 

paradox of governance is not merely about choosing between centralized and decentralized 

approaches but about continuously navigating the dynamic tension between these competing 

demands (Smith & Lewis, 2011). Rather than blaming local governance inefficiencies, it is the 

misalignment between global frameworks and local capacities that creates barriers to their effective 

and large-scale implementation (Voß et al., 2009). For developing countries, where governance 

systems may be less mature or more fragmented, the imposition of standardized global frameworks 

can inadvertently undermine local effectiveness, reducing the impact of resilience-building 

initiatives. Therefore, a paradox-sensitive approach to governance must recognize and manage these 

inherent contradictions by allowing space for both structured control and local adaptability, fostering 

an environment where global strategies are blended with local knowledge to achieve more 

sustainable outcomes (Smith & Lewis, 2011). 

4.2.5 Balancing Transnational and Localized Approaches in Flood Resilience 
Governance 

As previously mentioned, this study examines the paradox of the persistent lack of flood resilience 

in the Global South and evaluates whether global frameworks, frugal innovation, or a combination 

of both can effectively transform current frameworks to achieve enduring flood resilience. A central 

tension exists between technocratic, top-down approaches often developed in the Global North and 

the need for locally-driven, context-specific solutions (Matczak & Hegger, 2021). The literature 

suggests that implementing collaborative global work projects requires managerial actions beyond 

formal solutions (Brooks et al., 2020). While transnational policies offer broad guidelines, local 

contexts may demand more tailored action and adaptive governance strategies (Matczak & Hegger, 

2021). This paradox underscores the need to balance top-down and bottom-up approaches while 

effectively managing the transmission and flow of information from decision-makers to the practical 

execution of proposed interventions. Aligning the interests and needs of multiple stakeholders 

across different scales and governmental levels is crucial (Kim & Jurey, 2013). However, achieving 

this balance remains a challenging accomplishment. While top-down transnational policies may 

provide overarching guidelines, the diversity of local contexts requires more localized, adaptive 

governance strategies that can respond to specific needs (Raub et al., 2024). Moreover, the flow of 

information from decision makers to the practical execution of proposed interventions can be 
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hindered by misaligned interests and needs of stakeholders at different scales. Striking the right 

balance between centralized and decentralized governance remains a critical challenge in navigating 

the effective application of solutions and processes, a challenge that requires compromises and 

collaboration to achieve its aims, even if such deviate from the original proposed solution, thus 

proposing something taking a different stance (Smith & Lewis, 2011).  

4.2.6 Persistent Challenges in Implementing Sustainable Flood Resilience 
The implementation of sustainable flood resilience measures faces a range of persistent challenges 

that hinder their widespread adoption and effectiveness. One such challenge is the inherent 

inflexibility of existing flood risk reduction methodologies, which often fail to adequately account for 

the unique contexts and data availability in less-developed regions (Nkwunonwo, 2020). This rigidity 

can undermine the practicability of these approaches, particularly in settings where access to 

relevant datasets and technical requirements is limited (Nkwunonwo, 2020). Furthermore, the 

complexity of flood-prone environments is frequently exacerbated by demographic and climate 

pressures, creating a "post-normal" situation where standard scientific recommendations rarely 

achieve the intended outcomes (Bwambale et al., 2020). 

The socio-economic conditions that shape the context of flood risk governance are another critical 

factor in the paradox of balancing local and transnational strategies (Driessen et al., 2016). Existing 

research highlights how socio-economic inequality can exacerbate the vulnerability of certain 

populations to flood risks, with marginalized communities often facing the greatest threats 

(Nkwunonwo, 2020). This is further complicated by the reality that regions most susceptible to flood 

risks often contend with weaker and more fragmented institutions. These institutions may lack the 

capacity, resources, and coordination to effectively address flood risks, often also falling prey to a 

lack of transparency (Alexander et al., 2017). This confluence of socio-economic disadvantage and 

institutional weakness creates a perfect storm of vulnerability for marginalized communities (Nur & 

Shrestha, 2017). 

Additionally, the effectiveness of technological solutions in flood resilience is often contingent upon 

the availability of relevant datasets and technical infrastructure (Nkwunonwo, 2020). In less 

developed contexts, data scarcity and weaker technological capacities can undermine the 

applicability of advanced methodologies, emphasizing the need for more flexible, context-specific 

technological solutions that prioritize locally available resources and traditional knowledge (Lam et 

al., 2020). This calls for a balanced approach that leverages the latest scientific and technological 

advancements while ensuring they are relevant and accessible to the communities they aim to serve 

(Shah et al., 2015). 

Another persistent issue is the gaps and shortcomings in current flood risk assessment processes, 

which have led to improper planning and design of flood risk reduction measures, ultimately 

resulting in their ineffective performance during major flood events (Shah et al., 2015). Developing 

countries often face persistent challenges in implementing sustainable flood resilience measures. 

Limited resources, weak governance, and power imbalances between stakeholders hinder the 

effective implementation of flood resilience strategies (Johannessen & Mostert, 2020). The 

disconnect between local needs and global priorities further exacerbates this paradox, making it 

difficult to address the recurring issues that undermine flood resilience in the developing world. The 

persistence of these challenges is central to understanding the paradox perspective in the context 

of flood resilience. 
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4.2.7 Weak Governance and Paradox Persistency 
The persistence of challenges in implementing sustainable flood resilience is also closely linked to 

issues of weak governance and power imbalances among stakeholders (Matczak & Hegger, 2020). 

Historically, flood risk management has been predominantly a top-down, technocratic endeavor led 

by government agencies, with limited participation from local communities and other stakeholders 

(Matczak & Hegger, 2020). This technocratic approach has often failed to address the complex social, 

economic, and environmental factors that contribute to flood vulnerability, leading to the recurrence 

of flood-related disasters (Matczak & Hegger, 2020). However, this technocratic approach has also 

faced criticism for its inability to address the complex power dynamics and local realities that shape 

the implementation of flood resilience measures (Raub et al., 2024). Local communities, who often 

bear the brunt of flood impacts, have largely been marginalized from decision-making processes, 

leading to a disconnect between global priorities and local needs. Addressing this power imbalance 

and fostering meaningful participation of diverse stakeholders, including community members, is 

crucial for overcoming this developmental deadlock and, thus, developing sustainable and equitable 

flood resilience strategies (Laeni et al., 2021).  

Moreover, when different agencies and levels of government operate compartmentalized 

approaches, with unclear mandates and poor coordination, it hinders the development of 

comprehensive flood resilience strategies (Driessen et al., 2016). Thus, fragmented governance 

further exacerbates these challenges. This fragmentation can lead to contradictory policies where, 

for example, development plans might clash with flood zone regulations, undermining resilience 

efforts. Additionally, limited resources might be wasted due to a lack of coordination and shared 

priorities. This lack of clarity regarding responsibilities makes it difficult to hold actors accountable 

for failures in flood resilience planning or implementation (Driessen et al., 2016). 

4.2.8 Deadlock of Flood Resilience 
Another factor contributing to the persistence of flood resilience challenges is the ever increasing 

frequency and intensity of flood events, which disrupt the recovery cycle and overwhelm the 

capacity of communities and institutions to adapt. As disaster events become more frequent and 

severe, the ability of communities to effectively recover, learn, and implement long-term resilience 

measures is severely constrained (Herath & Wijesekera, 2020). This "disaster onslaught" hinders the 

development of a robust, iterative learning process that is crucial for building sustainable flood 

resilience. The lack of time and resources for recovery and reflection often results in a reactive, short-

term approach to disaster management, rather than proactive, long-term resilience building. This 

leads the region to remain in a deadlock where the interventions on the built environment only 

seem to be partially effective and resilience efforts are continuously undermined by the next flood 

disaster (Raub et al., 2024). The persistent challenges that hinder the implementation of sustainable 

flood resilience measures are central to understanding the persistency of the paradox within this 

context, as the system is unable to break free from the cycle of repeated failures, thus always 

demanding for immediatism in its propositions in contrast to a more proactive and long-term 

approach in building sustainable flood resilience (Raub et al., 2024).  
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Figure 10 : Deadlock of Flood Resilience 

 

From Author (2024) 

The recent collapse of a temporary bridge in Rio Grande do Sul rebuilt after the flood events, further 

illustrates the Deadlock of Flood Resilience described above (Trindade & Alt, 2025). Constructed as 

a provisional solution after devastating floods in May 2024 destroyed the original structure, this 

bridge was swept away in January 2025, less than three months after its delayed inauguration. The 

incident highlights several dimensions of the described resilience deadlock. First, the disaster 

onslaught is evident in the recurring extreme weather events that outpace the capacity of local 

infrastructure to withstand them (Hossain & Kalyanapu, 2012). The temporary bridge, built with 

reinforced containers, was unable to endure the elevated water levels of the river, which rose 

significantly above normal parameters during a recent storm, albeit at lower level then in the historic 

May 2024 floods (Trindade & Alt, 2025). This demonstrates the urgent need for infrastructure 

designed to account for more extreme hydrological conditions. 

Second, the reliance on short-term solutions like provisional bridges reflects the lack of a cohesive 

institutional context to guide resilience efforts. While the bridge served as a critical connection for 

heavy vehicles and regional logistics, its failure highlights the lack of institutional planning and 

coordination needed to anticipate and withstand future disasters (Trindade & Alt, 2025). Without a 

structured, long-term vision, recovery efforts remain fragmented, perpetuating a cycle of reactive 

responses and undermining sustainable flood resilience, which also potentially means a negative 

delta regarding resilience where after every disaster onslaught the infrastructure is rebuilt in a 

weaker and even more temporary manner (Driessen et al., 2018). Finally, this case illustrates the 

fragmentation of governance and socio-geographic challenges in managing flood resilience. The 

construction of the temporary bridge involved collaboration between residents, the private sector, 

and the local government, yet the outcome reveals the limitations of such efforts in addressing 

systemic issues, as there was no higher or integrated plan to guide efforts towards resilience. The 

disruption to mobility and economic activity caused by the bridge's collapse extends beyond the 

area, affecting neighbouring municipalities and emphasizing the broader regional impact of 

inadequate resilience planning (Trindade & Alt, 2025). 
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Figure 11 : Temporary bridge built after flood is swept away in Rio Grande do Sul  

 

From “Ponte construída após enchente em Feliz é levada pelo Rio Caí, 2025, 

(https://gauchazh.clicrbs.com.br/geral/noticia/2025/01/ponte-construida-apos-enchente-em-feliz-e-levada-pelo-rio-cai-

cm5g8bjh4016m015wbgewktwa.html) 

The collapse of the temporary bridge also underscores the short-term vs. long-term sustainability 

paradox at the macro level. Following the destruction of the original structure, the urgency to restore 

connectivity drove a disorganized push for immediate reconstruction, resulting in a provisional 

solution that lacked durability (Driessen et al., 2018). While this approach addressed immediate 

needs, it failed to integrate long-term sustainability into its design. The absence of a cohesive 

strategy to transition from temporary infrastructure to permanent, resilient solutions demonstrates 

how the urgency of disaster response can undermine long-term resilience (O’Brien et al., 2012). The 

reliance on short-term measures perpetuates reactive cycles and weakens the overall system, as 

temporary solutions often degrade with each subsequent disaster. This highlights the inherent 

tension between addressing immediate recovery needs and investing in durable, adaptive 

infrastructure aligned with evolving environmental conditions (O’Brien et al., 2012). By prioritizing 

short-term fixes without addressing systemic vulnerabilities, the region remains trapped in a cycle 

where provisional efforts delay, and sometimes preclude, the implementation of sustainable, long-

term solutions. 

4.2.9 Power Dynamics and the Local-Global Disconnect in Flood Resilience 
The persistence of these challenges is also closely tied to the complex power dynamics that shape 

the discourse and implementation of flood resilience measures (Laeni et al., 2021). Global 

development agendas and transnational institutions have often set the priorities for flood resilience, 

with local communities having limited voice in these decision-making processes (Laeni et al., 2021). 

This disconnect between local needs and global priorities has led to the development of "one-size-

fits-all" solutions that fail to address the unique social, economic, and cultural contexts of flood-

prone communities (Laeni et al., 2021). This persistent disconnect between local needs and global 

priorities is central to the paradox perspective in the context of flood resilience, where top-down 

approaches often fail to address the complex realities on the ground (Lewis & Smith, 2014). However, 

there is a growing recognition that sustainable flood resilience can only be achieved through the 

meaningful engagement and empowerment of local communities (Herath & Wijesekera, 2020). 

These communities possess invaluable knowledge and experience in navigating flood risks, which 

can inform more effective and context-appropriate resilience strategies. Inclusive governance 

models that prioritize the participation of marginalized groups, such as women and the urban poor, 

are crucial for addressing power imbalances and ensuring that flood resilience measures are 

equitable and responsive to local needs (Laeni et al., 2021). 



 

Page | 52 
 

This disconnect between global frameworks and local needs, deeply rooted in power imbalances 

and differing socio-economic contexts, highlights the broader challenge of achieving sustainable 

flood resilience in the Global South. Bridging this gap between global priorities and local realities is 

crucial for overcoming the persistent paradox in flood resilience efforts. A critical challenge in 

achieving this, revolves around the disconnect between global approaches and local contexts in 

developing countries (O’Brien et al., 2012). Well-intentioned solutions from the developed world 

often fail to translate due to several factors. These include the unique socioeconomic and cultural 

dynamics, the complex power structures, and the limited resources and capacities at the local level 

(Nkwunonwo, 2020). The result is a persistent paradox where international best practices are not 

effectively operationalized or simply are unfeasible given the local contexts, leading to the 

recurrence of flood-related disasters. This local-global disconnect is further exacerbated by the fact 

that global flood resilience frameworks are often developed without sufficient consideration of the 

lived experiences and needs of local communities, focusing more only on economical development 

of a region (Driessen et al., 2016). To address this persistent paradox, a more holistic and context-

sensitive approach is needed, one that bridges the gap between global priorities and local realities.  

4.3 Frugal Innovation 
Frugal innovation, a concept that has gained significant traction in recent years, refers to the process 

of developing innovative solutions that prioritize cost reduction, core functionality, and social 

relevance (Weyrauch & Herstatt, 2016). This approach to innovation is particularly crucial in 

emerging markets, where accessibility, affordability, and sustainability are key drivers of product and 

service development. At the heart of frugal innovation lies the fundamental principle of maximizing 

the functionality of a product or service while minimizing the use of resources. This involves a focus 

on the core features that address the most pressing needs of the target consumers, often those at 

the "bottom of the pyramid" (Bhatti & Ventresca, 2013). By concentrating on essential functionalities 

and eliminating unnecessary complexity, frugal innovators can significantly reduce the cost of their 

offerings, making them more accessible to a wider range of applications. Another core aspect of 

frugal innovation is its emphasis on social relevance. Instead of simply optimizing for profit, frugal 

innovators strive to develop solutions that address the real-world challenges faced by underserved 

communities, such as lack of access to essential services, energy, or healthcare (Bhatti & Ventresca, 

2013). This social focus aligns with the United Nations' Sustainable Development Goals, 

underscoring the potential of frugal innovation to contribute to a more inclusive and sustainable 

future (Rosca et al., 2017). For instance, the centuries-old practice of utilizing rice terraces in 

Southeast Asia exemplifies the application of frugal innovation for flood management. (Xiaoying, 

2019). These terraces, constructed using local materials and popular knowledge, provide a long-term 

flood control buffer while requiring minimal external resources. The terraced rice fields also serve 

as a cost-effective flood control system, while managing floodwaters in a way that supports 

agricultural productivity. This highlights the social stewardship inherent in frugal solutions, as these 

terraces continue on to support local communities economically and socially. Moreover, the 

communal upkeep of the terraces fosters a sense of shared responsibility and ownership, 

strengthening societal bonds and making the flood resilience strategy more sustainable in the long 

run (Xiaoying, 2019). By utilizing the landscape's natural features, these terraces provide a low-cost, 

effective solution that aligns with both environmental and social goals, embodying the essence of 

frugal innovation.  

This becomes particularly relevant in the context of building resilience to ever-worse natural 

inclemencies, such as flooding, where frugal innovation has the potential to empower underserved 
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communities with affordable and accessible defenses and resilience which might not otherwise 

reach them (Khan, 2016). Moreover, the ability to thrive in the face of societal and operational 

pressures is a hallmark of frugal innovation, further leading innovators to excel in resource-

constrained environments, regulatory hurdles, and infrastructure challenges, often through the 

creative repurposing of existing technologies or the development of new, low-cost solutions 

(Weyrauch & Herstatt, 2016). These tenets will be discussed in further depth bellow, also taking into 

account the relevance and potential that frugal innovation has in its application in the Global North 

with a focus on flood resilience.  

Figure 12 : defining Flood Resilience 

 

From Author (2024) 

4.3.1 Substantial Cost Reduction: 
At the core of frugal innovation is the principle of substantial cost reduction, which aims to make 

products and services accessible to a wider range of consumers, particularly those at the bottom of 

the economic pyramid (Weyrauch & Herstatt, 2016). This cost-conscious approach involves 

streamlining the design and production processes, leveraging local resources, and optimizing for 

efficiency throughout the value chain. By focusing on the essential features and eliminating 

unnecessary complexity, frugal innovators can significantly reduce the overall cost of their offerings, 

making them more affordable and attainable. Furthermore, frugal innovation in infrastructure 

emphasizes simplified designs that are easy to understand, implement, and have a local focus, 

reducing the reliance on expensive external expertise and technology (Sheikh et al., 2023). The 

emphasis on simplicity within the domain of frugal innovation ensures that underserved 

communities can adapt and maintain solutions with their own resources and knowledge, fostering 

self-reliance and long-term sustainability, which is particularly relevant in contexts characterized by 

weak and fragmented governance (Sheikh et al., 2023). Frugal innovation's emphasis on substantial 

cost reduction can be crucial in these environments, where expensive and complex solutions, while 

potentially effective in theory, often face significant challenges in implementation and maintenance 

when reliable governance structures are lacking (Weyrauch & Herstatt, 2016). Instead, frugal 

innovation offers a more pragmatic and context-tailored approach that can thrive in such resource-

constrained settings by prioritizing cost-effective solutions (Bhatti & Ventresca, 2013).  
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A prime example can be seen in Bangladesh, where communities vulnerable to frequent flooding 

have successfully implemented low-cost, locally-sourced bamboo structures to elevate homes and 

protect livestock during floods (Bala et al., 2020). This showcases how frugal innovation, driven by 

necessity and local ingenuity, can provide effective solutions within a constrained budget. By 

integrating green infrastructure like rain gardens and permeable pavements, communities can 

absorb and manage floodwaters more effectively, reducing the reliance on expensive and complex 

drainage systems which often lack the governance means for their effective implementation and 

maintenance (Janda et al., 2020). This exemplifies a cost-conscious approach to frugal innovation, 

focused on substantial cost reduction, also underscores the importance of self-reliance and long-

term sustainability. By developing solutions that can be maintained and adapted using local 

resources and knowledge, frugal innovators empower communities to be self-sufficient, reducing 

their reliance on expensive external expertise and technology from the "Global North" 

(Gandenberger et al., 2020) which might in turn be further replicated in another underprivileged 

location with similar socio-geographic status quo spreading the technology in osmosis like cheap 

technological propagation (Sheikh et al., 2023). This alignment between frugal innovation's 

emphasis on cost reduction and the promotion of self-reliance is particularly crucial in resource-

constrained environments, where traditional, complex solutions often fail due to the lack of reliable 

governance structures and the inability of local stakeholders to effectively maintain and adapt them 

over time (Bhatti & Ventresca, 2013). Frugal innovation, in contrast, offers a more pragmatic and 

context-tailored approach that can thrive in such settings by prioritizing cost-effective solutions that 

can be readily adopted and sustained by the communities themselves. 

4.3.2 Core Functionality Concentration: 
Frugal innovation is characterized by its focus on the core functionalities of a product or service, 

rather than on extraneous features that can add complexity and cost (Weyrauch & Herstatt, 2016). 

This principle of concentrating on the essential aspects of a solution is crucial in addressing the needs 

of resource-constrained consumers. By identifying the most critical functions that meet the users' 

needs, frugal innovators can streamline the design, production, and delivery processes, leading to 

significant cost savings. This principle of concentrating on the essential aspects of a solution is crucial 

in addressing the needs of resource-constrained consumers (Weyrauch & Herstatt, 2016). By 

identifying the most critical functions that meet the users' needs, frugal innovators can streamline 

the design, production, and delivery processes, leading to significant cost savings. 

This focus on core functionality is particularly evident in the context of flood resilience, where frugal 

innovators prioritize solutions that directly address the most pressing needs during flooding events. 

By identifying and concentrating on the essential functions required to mitigate the immediate 

impacts of floods, such as protecting lives, safeguarding critical infrastructure, and ensuring access 

to clean water and sanitation, these innovators are able to develop cost-effective solutions that can 

be readily implemented and maintained by resource-constrained communities (Derickson et al., 

2021). This core functionality-driven approach stands in contrast to more complex, heavily 

engineered flood control systems that require significant capital investment and specialized 

expertise, often scant in the more underserved parts of the world, making them less accessible and 

sustainable for vulnerable populations. The emphasis on simplicity and local adaptability is a 

hallmark of frugal innovation in flood resilience, enabling communities to take an active role in 

addressing their own challenges through creative, context-specific solutions (Niroumand et al., 

2020). For instance (Hartog, 2021) highlights how Shanghai is leveraging the core functionalities of 

its waterfront and coastline to enhance flood resilience. The city is actively engaged in constructing 

an urban eco-network, recognizing the natural flood mitigation capabilities of these ecosystems. By 
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prioritizing the restoration and enhancement of these natural assets, Shanghai exemplifies frugal 

innovation in flood resilience, focusing on maximizing the inherent functionalities of its environment 

rather than relying solely on costly and complex engineered solutions (Hartog, 2021). 

4.3.3 Social Relevance: 
The social dimension of frugal innovation is a crucial aspect that sets it apart from traditional 

innovation approaches. Rather than solely pursuing profit maximization, frugal innovators strive to 

develop solutions that address the pressing social and economic challenges faced by underserved 

communities. This emphasis on social relevance aligns with the United Nations' Sustainable 

Development Goals, highlighting the potential of frugal innovation to contribute to a more inclusive 

and sustainable future (Khan, 2016).  

However, true social relevance in frugal innovation goes beyond simply targeting solutions at these 

communities; it requires actively involving them in the innovation process itself (Kahle et al., 2013). 

This approach recognizes the inherent knowledge and resourcefulness within these communities, 

acknowledging that they are not merely passive recipients of aid but active agents of change. By 

tapping into their lived experiences and understanding of local challenges, frugal innovation can 

foster solutions that are not only effective but also culturally sensitive, sustainable, and empowering 

(Kahle et al., 2013). This approach aligns with the concept of building local capacity, where 

communities are equipped with the tools and resources to identify their own needs and develop 

their own solutions, fostering self-reliance and long-term resilience.  

Frugal innovation has the potential to uplift the standard of living for economically disadvantaged 

communities by solving pressing societal problems through ingenuity and creativity. This social 

impact is particularly evident in the context of flood resilience, where innovators combined with 

decision makers stive to develop cost-effective solutions that empower local communities to 

mitigate the effects of flooding (Guerriero & Penning-Rowsell, 2020). This ideas has been successfully 

applied in Nepal, where communities vulnerable to flooding have successfully implemented a low-

cost, community-based early warning system using recycled materials and simple technology. This 

system, developed through a participatory process involving local residents, has significantly 

improved flood preparedness and reduced the impact of floods on livelihood and well-being 

(Bajracharya et al., 2021). 

Furthermore, technologies originating from Global South communities often have an inherent 

advantage in navigating contexts characterized by weak and fragmented governance (Kahle et al., 

2013). These innovations are typically designed with resource constraints and implementation 

challenges in mind, making them more adaptable and resilient in environments where top-down, 

resource-intensive solutions from the Global North might struggle to gain traction (Sheikh et al., 

2023). This inherent adaptability can be a crucial factor in achieving sustainable and equitable 

development outcomes.  

4.3.4 Global Relevance 
While frugal innovation has been primarily associated with emerging economies, its principles and 

approaches hold immense relevance for addressing societal challenges in developed nations as well. 

As regions across Europe and North America grapple with the increasing frequency and intensity of 

flooding events, the lessons and insights from frugal innovation can offer valuable pathways to build 

resilience in a cost-effective and socially inclusive manner (Green infrastructure and flood 

management, 2017). 
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For instance, the city of Rotterdam in the Netherlands has embraced frugal innovation in its efforts 

to enhance flood resilience. Recognizing the limitations of traditional grey infrastructure, the city 

has instead focused on integrating nature-based solutions, such as the creation of public spaces that 

can double as temporary water storage during floods. Initiatives like the "Floating Pavilion" and the 

"Water Plaza" demonstrate how frugal innovation can reconcile viable business models with long-

term societal and environmental goals, showcasing the potential for frugal approaches to be adapted 

and applied in the European context (Kroll & Gabriel, 2020). Similarly, the city of New York has 

leveraged frugal innovation to address the challenges of urban flooding. Following the devastating 

impact of Hurricane Sandy, the city has invested in community-driven initiatives that empower 

residents to implement low-cost, nature-based solutions to mitigate flood risks (Rosenzweig & 

Solecki, 2014). These efforts, such as the "Green Infrastructure Grant Program," highlight how frugal 

innovation can be harnessed to build resilience, foster social inclusion, and drive sustainable 

development in developed economies (Derickson et al., 2021). 

The notion of frugal innovation, with its focus on optimizing functionalities and using resources 

wisely, aligns closely with the growing emphasis on sustainability and circular economy in European 

markets closely followed by the American market (Gandenberger et al., 2020). By adopting a frugal 

mindset, European innovators can develop solutions that not only meet the needs of vulnerable 

communities but also contribute to long-term ecological and social sustainability (Kroll & Gabriel, 

2020). Given the increasing focus on these principles, it becomes clear that frugal innovation, 

although originating in the global south, has much to offer to the global north, especially with rising 

inequality and budget constraints associated with climate change and its impacts (Gandenberger et 

al., 2020). The principles of optimizing functionalities, using resources wisely, and developing socially 

relevant solutions can be invaluable in addressing challenges faced by vulnerable communities in 

developed nations as well. By embracing the frugal mindset, European and North American 

innovators can unlock cost-effective pathways to build resilience, foster sustainability, and promote 

social inclusion, ultimately contributing to a more equitable and sustainable future for all (Kroll & 

Gabriel, 2020). 

4.4 Contextual Challenges in the Global South 
The terms "Global North" and "Global South" are increasingly used to summarize and capture the 

stark socio-economic and political disparities that exist within the contemporary world. These terms 

move beyond simple geographical designations, instead representing a complex interplay of 

historical legacies, power dynamics, and development trajectories (Chitadze, 2023) . The Global 

North, broadly encompassing North America, Europe, Australia, and Japan, is often characterized by 

its affluence, advanced infrastructure, and dominant role in global decision-making processes. 

Conversely, the Global South, which includes Latin America, Africa, Asia (excluding Japan), and 

Oceania (excluding Australia and New Zealand), often grapples with challenges such as poverty, 

inequality, and the legacies of colonialism (Dados & Connell, 2012). This divide is not static; it has 

evolved throughout the 20th century. The post-World War II era witnessed the rise of decolonization 

movements, dismantling formal colonial structures. However, this period also saw the emergence 

of new forms of global power imbalances, often framed within the context of the Cold War. The 

Global South found itself navigating a world order shaped by competing ideologies and economic 

systems, often with limited agency in shaping their own development paths (Dados & Connell, 2012). 

The latter part of the 20th century saw the rise of globalization, characterized by increased 

interconnectedness through trade, technology, and cultural exchange. While globalization presented 

opportunities for growth and development, it also exacerbated existing inequalities between the 
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Global North and South. Such historical and contemporary dynamics have shaped the relationship 

between the Global North and South and will be crucial for understanding and further addressing 

global challenges of the 21st century, including those related to climate change, disaster risk 

reduction, mass migration, and sustainable development (Chitadze, 2023). 

4.4.1 Contextual Differences in Flood Resilience Strategies 
The implementation of effective flood resilience strategies is heavily influenced by the unique socio-

economic and institutional contexts of the Global North and Global South (Herath & Wijesekera, 

2020). In the Global North, flood risk management has typically focused on macro infrastructure-

based approaches, such as the construction of flood protection systems encompassing and 

protecting a large area or integrated within an overarching system (Laeni et al., 2021). This approach 

is often facilitated by the availability of financial resources and the presence of established 

institutional frameworks along with more stability and developed governance (Johannessen & 

Mostert, 2020). In contrast, the Global South often faces significant resource constraints and 

institutional weaknesses that hinder the implementation of large-scale, capital-intensive flood 

resilience measures, in turn hindering rapid recovery after a disaster onslaught. Instead, 

communities in the Global South have often relied on more locally-driven, community-based 

strategies to address flood risks (Jonga et al., 2021). These strategies may include the use of nature-

based solutions, such as the preservation and restoration of wetlands (Klijn et al., 2021), as well as 

the incorporation of traditional knowledge and practices into flood preparedness and response 

(Herath & Wijesekera, 2020). These approaches, while potentially less resource-intensive, may be 

more adapted to local conditions and communities in the Global South. Moreover, the underlying 

drivers of flood risk in the Global South are often more complex, with factors such as rapid 

urbanization, ecological degradation, and socio-economic inequalities playing a significant role 

(Laeni et al., 2021). In many cases, flood-prone communities in the Global South are also grappling 

with the broader challenges of sustainable development, where the costs of disaster recovery can 

divert resources away from long-term investments in infrastructure, social services, and economic 

growth, presenting thus a sharp and uneasy balance between short-term resilience and long-term 

development (Mochizuki et al., 2014). 

4.4.2 Knowledge Transfer in Flood Resilience 
While the Global North has often been at the forefront of developing flood resilience strategies, 

transferring these approaches to the Global South presents unique challenges. Directly applying 

resource-heavy solutions developed in the Global North to the Global South often proves ineffective 

and, at times, even detrimental (Reidpath & Allotey, 2019). This is due to a confluence of factors, 

including differing socio-economic contexts, governance structures, and cultural perspectives on risk 

and resilience. One significant challenge is the resource intensity of many flood resilience solutions 

commonly employed in the Global North, something the Global South more than often does not 

posses the industry and logistics to accomplish (Nur & Shrestha, 2017). Large-scale infrastructure 

projects, such as dams, levees, and sophisticated early warning systems, require substantial financial 

investments, advanced technological expertise, and sophisticated institutional capacity for 

implementation and maintenance. The burden of flood infrastructure maintenance is often further 

underestimated; these projects necessitate consistent funding to ensure their long-term structural 

integrity and preparedness on the eve of disaster onslaught combined with up-to-date early warning 

systems and often expensive operators (Zevenbergen et al., 2016). The main challenge here is that 

these strategies require long-term planning which stems from stable institutions and governance 

which many developing countries in the Global South often lack (Nur & Shrestha, 2017). More then 
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often such endeavors are deemed too costly and ore do not align with the short-term political goals 

of the governing regimes . 

This mismatch between the requirements of these large-scale solutions and the realities of many 

Global South contexts highlights a crucial point: the resources required for these projects (i.e., 

financial, technological, political, and human) are often scarce in these regions (Nur & Shrestha, 

2017). This scarcity makes replicating the resource-intensive solutions of the Global North 

exceptionally difficult, however, this challenge has also fostered innovation. The Global South has 

developed its own array of innovative, cost-effective, and contextually-appropriate approaches to 

flood resilience . These approaches, often born out of necessity and shaped by local knowledge, 

have the potential to benefit not only the Global South but also to complement and enhance the 

strategies employed in the Global North in the 21st century (Tsekleves et al., 2020). 

Furthermore, cultural and societal contexts play a crucial role in shaping flood resilience strategies. 

Communities in the Global South often possess unique and valuable traditional knowledge and 

practices for coping with flood risks (Klijn et al., 2021). These practices, often deeply embedded in 

local customs and beliefs, are sometimes overlooked when transferring solutions from the Global 

North. Ignoring or undermining such local knowledge can lead to ineffective and unsustainable 

solutions that fail to resonate with the lived experiences of communities they intend to serve (Nur 

& Shrestha, 2017). Governance structures and institutional capacity also significantly impact the 

transferability of flood resilience solutions. The Global South often faces challenges related to weak 

governance, limited institutional capacity, and, in some cases, corruption (Ogie et al., 2019). These 

factors can hinder the effective implementation and long-term sustainability of even well-designed 

flood resilience strategies which attempt to take the local context and status quo into account.  

4.5 Urban Expansion and River Degradation in the 20th Century 
A legacy of 20th-century urban planning policies in both the Global South and Global North 

prioritized urban development at the expense of the natural riverine courses. This was done with a 

focus on designing many cities with a focus on maximizing land for urban use, often by channeling 

or piping rivers, subsequently reducing the capacity of these natural systems to absorb and manage 

floodwaters (Sörensen et al., 2016). The drive to "reclaim" land for urban expansion led to the loss 

of floodplains, wetlands, and other natural buffers that historically mitigated flood risks. These 

policies have created an urban environment that is increasingly vulnerable to flooding as natural 

waterways have been diminished or restricted, in turn leading to disastrous consequences during 

extreme weather events (Itsukushima & Ohtsuki, 2021). The origins of this prioritization of urban 

land development can be traced towards a range of factors; including rapid population growth, 

industrialization, and the influence of powerful developmental interests.  

These urban expansionist policies originated from the industrialization and urbanization processes 

in the Global North, particularly in the late 19th and early 20th centuries with the advent of the the 

steam engine and mass production (Itsukushima & Ohtsuki, 2021). These areas underwent rapid 

urban growth, driven by industrial development and the need to accommodate growing populations 

(Wantzen et al., 2022). To make way for factories, transportation networks, and residential areas, 

urban planners sought to control and "tame" natural waterways and water bodies. Rivers were often 

seen as impediments to urban progress, resulting in large-scale interventions such as channeling, 

embankments, and the paving over of rivers (Itsukushima & Ohtsuki, 2021). The rapid expansion of 

cities in the Global North followed this model, where the emphasis was on reclaiming land rather 

than preserving the natural ecosystems previously there. Such planning practice and governance 
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from the Global North were exported to the Global South during colonization and post-colonial 

development, often presented as symbols of metropolitan prosperity (King, 2015). These imported 

urban planning frameworks, often technocratic in nature, neglected to adequately consider the 

needs and perspectives of the broader population, particularly the less privileged segments of 

society. As a result, this oversight at times exacerbated existing inequalities and perpetuated 

conditions of poverty (Chatterjee & Chattopadhyay, 2020). Furthermore, this prioritization of 

foreign, technocratic solutions over locally driven, frugal approaches, often rooted in traditional 

knowledge and a harmonious relationship with nature, undermined the development of sustainable 

and context-appropriate urban planning, creating long-term vulnerabilities. (Chatterjee & 

Chattopadhyay, 2020). This imitation phenomena further intensified throughout the 20th century, 

where cities in the Global South sought to emulate similar urban expansion strategies involving the 

channeling of rivers, draining wetlands while converting floodplains into urban centers to fuel rapid 

economic and population growth (Chatterjee & Chattopadhyay, 2020). 

4.5.1 Urban Expansion: Impacts on Rivers and Society 
While these policies achieved short-term urban expansion goals, the unchecked urbanization in both 

the Global North and Global South led to long-term environmental degradation and vulnerability 

(Fang et al., 2023). Historically in the Global North, the focus on land reclamation for economic 

development ignored the vital ecological and self-regulating roles played by rivers, wetlands, and 

floodplains (Itsukushima & Ohtsuki, 2021). By reducing these natural systems, cities became more 

vulnerable to flooding, a vulnerability that has been magnified by the increasing frequency of 

extreme events due to increasingly inclement weather patterns (Wantzen et al., 2019). In such cities, 

urban rivers were largely channelized or covered over, leading to an increased imperviousness of the 

built environment serves to diminish the land's capacity to absorb water, consequently resulting in 

recurrent and catastrophic urban flooding, despite recent adaptative measures. Similarly, in cities in 

the Global South, rapid, poorly regulated urban expansion onto floodplains and riverbanks 

significantly heightened flood risks (Sörensen et al., 2016). The main difference here is that while 

cities in the Global North often had the financial and technological capacity to mitigate and diminish 

some of these issues through infrastructure upgrades and flood management systems, many cities 

in the Global South continue to struggle with inadequate resources and poor governance structures, 

leaving them more vulnerable to the impacts of these historical planning decisions (O’Brien et al., 

2012). 

Figure 13 : Channeling of Rivers: An Urbanistic Error 
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From “Soluções contra enchentes: especialistas alertam para erros urbanísticos como a canalização de rios, 2020, 

(https://www.tvsul.tv.br/solucoes-contra-enchentes-especialistas-alertam-para-erros-urbanisticos-como-a-canalizacao-de-rios/) 

The environmental consequences of these urban planning decisions are profound and longlasting. 

By reducing the capacity of natural water systems to manage and absorb floodwaters, cities have 

became more prone to flooding, particularly during extreme weather events. However, the 

consequences are certainly more severe in the Global South due to limited resources for upgrading 

and maintaining flood resilience infrastructure (Rentschler et al., 2022). As rivers are confined to 

ever-narrower channels, their ability to manage surges in water levels durng heavy rainfall 

diminishes, leading to urban flooding that overwhelms drainage systems and city infrastructure. In 

addition to environmental degradation, these policies also have significant social consequences, 

particularly in the Global South (Wantzen et al., 2019), where the urban poor often live in informal 

settlements on riverbanks or low-lying areas, and are thus disproportionately exposed to flood risks. 

As wealthier populations occupy safer urban centers, marginalized communities are pushed into the 

most vulnerable areas, exacerbating their exposure to floods and limiting their access to post-

disaster recovery resources and services (Rentschler et al., 2022). This social stratification is a direct 

result of urban policies that prioritized land reclamation over equitable, sustainable development. 

4.5.2 20th-Century Planning: Unchecked Expansion to Vulnerability 
The planning ideologies of the 20th century, rooted in the modernization and industrialization goals 

of the Global North, heavily influenced urban policies in the Global South (Chatterjee & 

Chattopadhyay, 2020). These ideologies were driven by a desire for economic progress and industrial 

growth, often at the expense of environmental and social considerations. The prevailing approach 

was to manage natural environments through technological interventions, such as dams, levees, and 

drainage systems, while neglecting the benefits of incorporating and leaving room for nature in 

urban planning and design. (Loggia et al., 2020). This approach was replicated across many cities in 

the Global South, where rapid population growth and urbanization were seen both as necessary and 

inevitable to achieve economic development (Wantzen et al., 2019). In the Global South, these 

ideologies were adopted by post-colonial governments eager to modernize their cities and attempt 

to compete on the global economic stage (Randolph & Storper, 2021). The result was a focus on 

infrastructure-heavy solutions that prioritized urban expansion over environmental sustainability. 

However, as climate change has intensified and extreme weather events have become more 

common, the limitations of this approach have become increasingly apparent. Cities that rely on 

outdated flood management systems based on 20th-century models are ill-equipped to handle the 

unpredictability of modern climate challenges (Takin et al., 2023). 
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Figure 14: Inequality & Vulnerability 

 

From “Agência Brasil, 2023, (https://agenciabrasil.ebc.com.br/geral/noticia/2023-12/museu-da-mare-no-rio-tera-acervo-na-

internet-com-mais-de-mil-itens) 

Additionally, cities in the Global South have experienced recent population booms, which have 

extended further into the 21st century in contrast to cities in the Global North, in turn placing further 

pressure on often poorly maintained and already congested systems (Wantzen et al., 2019). This 

continuous population surge is expected to intensify in the upcoming years, especially if 

socioeconomic inequalities remain at a high, further exacerbating the vulnerability of these regions 

towards climate-induced flood risks. The strain on infrastructure in rapidly urbanizing cities will only 

grow as population increase and already inadequate flood resilience systems are pushed to their 

limits (Nur & Shrestha, 2017). This phenomenon of unrestrained urban expansion serves to 

perpetuate the heightened risks associated with climate change while also underscoring how the 

infrastructure built to manage water flows in the 20th century is now woefully inadequate for the 

unpredictable and extreme weather events seen today (Itsukushima & Ohtsuki, 2021). In cities 

where natural river systems have been altered or degraded, the inadequate infrastructure struggles 

to cope with the growing climate risks. This issue is particularly acute in the cities of the Global South, 

where rapid and often unplanned urbanization continues without adequate foresight or investment 

in planning and preparing for the future impacts of climate-induced floods along with the usage of 

often archaic and outdated methods and solutions (Nur & Shrestha, 2017). With limited resources 

and governance challenges, these cities face heightened vulnerabilities as their altered natural 

systems struggle to provide the necessary flood resilience in the face of growing climate risks (Nur 

& Shrestha, 2017). 

4.5.3 Pathways to Restoring Natural Systems and Achieving Flood Resilience 
To address the legacy of these historical policies, cities across the globe must shift toward a 

sustainable urban planning that integrates flood resilience with the restoration of natural water 

systems. For cities in the Global South specifically, this can mean adopting frugal solutions as a way 

to overcome reliance on foreign intervention and governance while proving adaptation and 

knowledge building (Loggia et al., 2020). This often relies in traditional nature-based solutions that 

can help restore the natural capacity of rivers, wetlands, and floodplains to absorb floodwaters (Fang 

et al., 2023). Therefore, these approaches tend to include re-establishing floodplains, creating green 

spaces, and implementing urban water management strategies that can significantly enhance flood 

resilience and involve the community (Takin et al., 2023). While efforts to restore natural systems 

and shift away from river burial are underway across the globe, progress in the Global South is often 
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too little, too late (Wantzen et al., 2019). These initiatives are frequently small-scale and lack the 

necessary scope and urgency to positively impact flood resilience. Instead, many cities in the Global 

South continue to rely on traditional engineering techniques, such as constructing larger channels 

or pipes to redirect water (Loggia et al., 2020). However, these interventions often exacerbate 

problems by merely shifting flood risks downstream, where the volume of water overwhelms 

already stressed river systems. 

Moreover, the continued dependence on these infrastructure-heavy solutions reflects a broader 

challenge: while nature-based solutions are increasingly discussed, the actual implementation is 

often underappreciated and problematic (Nelson et al., 2020). Projects are frequently fragmented, 

poorly executed, or hampered by high costs, making them inaccessible to resource-constrained 

areas. This over-reliance on outdated and inefficient solutions further delays progress toward 

sustainable flood resilience and leaves cities vulnerable to intensifying climate risks (Nelson et al., 

2020). In contrast, cities in the Global North, where many have recognized the long-term benefits of 

restoring natural waterways, have begun to reverse the damage caused by 20th-century urban 

policies (Loggia et al., 2020). Initiatives like the Room for the River program in the Netherlands—

which creates space for rivers to overflow naturally during floods—provide a successful avant-garde 

model for integrating nature-based solutions into urban planning with its largest challenge being the 

integration of a plethora of several stakeholders, their motifs, wants and don’ts for land use within 

its scope (Rijke et al., 2012), thus making the problem somewhat “complex”. Such approaches, while 

promising, are still not widely adopted in the Global South, where systemic issues in governance, 

planning, and resource allocation hinder their implementation in such an endeavour. 

4.6 Overcoming Systemic Barriers to Flood Resilience in the Global South 
The recurring failures of flood resilience frameworks in the Global South are rooted in a combination 

of structural, governance, and socio-historical factors. These failures are driven by several key factors 

that highlight why existing models have been unable to break the cycle of vulnerability and achieve 

sustainable flood resilience. This paper will procced to outline the various factors underpinning the 

mentioned deadlock. 

4.6.1 Lack of Long-Term Planning 
A critical flaw in current flood resilience mechanisms in the Global South is the absence of a 

comprehensive, long-term plan. This failure is deeply rooted in the region's political instability and 

oscillations in governance priorities and motivation. Governments in these regions are more then 

often subject to frequent and unexpected changes, whether through elections, coups, or other 

forms of political turnover, which disrupt the continuity needed for long-term, sustainable planning 

(Lindersson et al., 2023). The focus shifts from building resilient, future-proof infrastructure to short-

term, “reactive projects” aimed at delivering immediate, and most importantly visible results. In the 

current digital age, these political oscillations are further compounded by the rise of fake news and 

misinformation, leaving a distorted public perception of climate risks and environmental 

management in its wake (Cook, 2019). Politicians, influenced by public opinion and swayed by 

misinformation, may deprioritize or even reject scientifically sound flood resilience measures. In 

many cases, political leaders might even seek to capitalize on crisis situations, engaging in political 

one-upmanship by promoting quick, but often low-quality infrastructure projects designed to gain 

public favor (Rasmussen et al., 2020). These reactive developments are typically focused on 

emergency relief rather than addressing the underlying vulnerabilities that lead to recurring flood 

disasters. 
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Political one-upmanship also encourages the allocation of public funds to highly visible projects, such 

as temporary flood barriers or superficial upgrades to drainage systems, without addressing the root 

causes of flood risk (Gawel et al., 2016). These projects are often hastily approved and poorly 

executed, resulting in low-quality infrastructure that deteriorates quickly and fails to withstand 

upcoming and ever-more extreme weather events. This creates a vicious cycle of investment in 

infrastructure that is not ineffective and ends up diverting resources away from more sustainable, 

long-term resolutions. In addition, the instability in governance often results in abrupt policy shifts 

(Gawel et al., 2016). Long-term flood resilience strategies are discarded or revised by successive 

administrations, further complicating efforts to establish a cohesive, enduring approach to flood 

management. As political leaders prioritize immediate returns on investment, there is little room for 

the kind of forward-thinking planning required to prepare for the increasing frequency and intensity 

of climate-induced floods (Rasmussen et al., 2020). 

The May 2024 floods in Rio Grande do Sul serve as a prime example of the consequences of short-

termism. Despite historical warnings about the region's vulnerability, successive governments failed 

to invest in adaptive infrastructure that could evolve with changing flood risks (Rocha, 2024). 

Instead, political actors opted for reactive, short-term measures that collapsed under the weight of 

extreme weather, leaving communities devastated and unprepared. By not investing in adaptable, 

resilient strategies and infrastructure, regions such as this remain locked in a cycle of vulnerability, 

constantly responding to disasters and their onslaught instead of trying to proactively mitigate them. 

This lack of forward-thinking planning leaves communities unprepared for the increasing severity 

and unpredictability of flooding caused by climate change, perpetuating the cycle of flood 

vulnerability in the Global South (Rentschler et al., 2022). 

4.6.2 Competing Values, Social Inequality, and Poor Regulation 
One of the primary barriers to achieving effective flood resilience in the Global South lies in the 

persistent tension between economic development priorities and the need for environmental and 

social sustainability. Urbanization and industrial expansion are often prioritized over effective flood 

risk mitigation, leading to the continuous encroachment on natural floodplains, wetlands, and rivers 

(Rentschler et al., 2022). This push for economic growth inadeptly results in decisions that prioritize 

immediate profits and infrastructure development, frequently at the expense of long-term flood 

resilience (Gawel et al., 2016). 

In this context, the widening gap between rich and poor further exacerbates the consequences of 

flooding. Research has consistently shown that the wider the socioeconomic disparity, the higher 

the mortality rate and long-term impacts of floods on low-income communities worldwide 

(Lindersson et al., 2023). Wealthier urban populations often benefit from more robust infrastructure, 

better housing, and quicker emergency services and response, whereas poorer communities are 

often confined to informal settlements in high-risk floodplains or low-lying riparian areas (Lindersson 

et al., 2023). These marginalized communities face disproportionately higher risks due to inadequate 

housing, lack of access to emergency services, and a greater exposure to the impacts of flood events. 

The failure of flood resilience frameworks to adequately address these disparities ensures that flood 

impacts are not only more severe for the poorest but also that recovery efforts are slower and less 

effective. These dynamics perpetuate a cycle where the poorest communities suffer the most and 

recover the least, leaving them perpetually vulnerable to the next flood (Rentschler et al., 2022). 

Despite the existence of regulations that prohibit settlement in high-risk flood plains; these rules are 

often poorly enforced or entirely ignored by the governing bodies. Weak governance, political 

pressures, and corruption often allow informal settlements to expand unchecked in flood-prone 
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areas (Rentschler et al., 2022). Rapid urbanization, lack of affordable housing, and inadequate urban 

planning force low-income populations into the most vulnerable areas, with little support to improve 

their living conditions or access safer locations. When resettlement programs are proposed, they 

often suffer from ineffective planning, underfunding, and poor execution (Cernea, 2021). The lack of 

long-term strategy in these programs means that affected populations are either not relocated at all 

or moved to areas that lack the necessary infrastructure, job opportunities, and social services, 

perpetuating the cycle of poverty and vulnerability (Cernea, 2021). In some cases, communities 

resist resettlement efforts, as the alternative housing offered is far removed from economic centers, 

leaving them worse off than before. Meanwhile, the vacated floodplain areas are frequently 

redeveloped for commercial purposes, benefiting private interests while further endangering poor 

communities forced to relocate to other vulnerable zones (Cernea, 2021). 

Another key failure in the current flood resilience mechanisms in the Global South is the lack of an 

effective and rehearsed first-response planning system (McDermott, 2022). Flood-prone areas are 

often ill-prepared to respond quickly and effectively when a disaster strikes. Emergency response 

teams are underfunded, uncoordinated and sometimes even lack the training and resources to 

properly manage a flood crisis. Moreover, the lack of systematic drills and rehearsals contribute to 

the general to unpreparedness within the communities for immediate flood response, leaving 

society disorganized and fractured in the event of a natural disaster (Perera et al., 2020). This lack of 

preparedness extends beyond the immediate flood event to the recovery phase. The absence of 

clear, well-coordinated post-disaster recovery measures and plans leads to a fragmented response, 

where multiple levels of governance fail to collaborate effectively (Perera et al., 2020). This 

inefficiency and lack of coordination perpetuate the impacts of the disaster, keeping communities 

vulnerable and preventing them from recovering in time before the next flood strikes, henceforth 

maintaining the vicious cycle of flood unpreparedness (Rentschler et al., 2022). 

4.6.3 Fragmentation of Governance and Lack of Coordination in Flood 
Management 

A key challenge in achieving sustainable flood resilience in the Global South lies in the fragmentation 

of governance across different levels of government. This fragmentation results in a failure to 

coordinate comprehensive flood management strategies that span across broader regions, such as 

river basins or floodplains, which are inherently interconnected (Takin et al., 2023). The lack of a 

unified governance framework leads to conflicting agendas, inefficiencies, and gaps in 

accountability. This disjointed approach to governance not only complicates flood response efforts 

but also perpetuates the vulnerability of at-risk communities. For instance, in many countries, the 

responsibility for flood management is divided between different government agencies, each with 

its own mandates, resources, and priorities.  

The absence of macro-level planning across interconnected regions in the Global South, particularly 

in river basins, coastal zones, and urban floodplains, has severe implications for flood resilience 

(Rentschler et al., 2022). Floods are not confined to municipal or state boundaries; they affect entire 

river systems and regional ecosystems, requiring integrated planning and cooperation across 

jurisdictions and governmental levels (Takin et al., 2023). However, flood resilience measures are 

often implemented in isolation, with little regard for their downstream or upstream impacts. This 

piecemeal approach fails to address the complexity of flood systems and ends up limiting the 

effectiveness of integrated efforts. Moreover, high level agencies often operate independently of 

one another, resulting in often paradoxically contradictory policies and priorities (Takin et al., 2023). 

For instance, while the federal government may have flood control policies in place, state 
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governments may focus on industrial expansion in flood-prone areas, and municipalities might 

prioritize urban development over flood risk mitigation. The lack of alignment across these levels of 

governance creates confusion, delays in decision-making, and resource misallocation (Farahmand et 

al., 2020). This further exacerbates the risks posed by floods, as no single agency takes responsibility 

for comprehensive flood management. 

4.6.4 Lack of Community Engagement and Participation 
Another critical shortcoming of the current governance structure is the lack of meaningful 

community engagement and participation in flood resilience planning. Vulnerable communities are 

more than often marginalized from the decision-making processes related to flood resilience 

planning (Nur & Shrestha, 2017). Top-down governance approaches tend to focus on technocratic 

solutions devised by experts, policymakers, and external consultants, with little input from the local 

populations who are directly affected by floods (Nur & Shrestha, 2017). This disconnect between 

decision-makers and communities can lead to a lack of trust in flood resilience action, in turn 

contributing to its poor implementation and compliance within the domain o flood risk regulations. 

In many cases, local communities possess invaluable knowledge of the land, its water systems, and 

historical flood patterns, but this expertise is largely left to the sidelines. Indigenous and rural 

communities in the Global South may have cultivated traditional flood management approaches, 

such as leveraging natural indicators for flood forecasting or adopting sustainable agricultural 

practices tailored to periodic inundation events (Xiaoying, 2019) . However, failing to engage these 

communities results in their valuable knowledge and expertise being overlooked, consequentially 

leaving them disempowered and further marginalized from effective flood resilience strategies. 

Moreover, community engagement is essential for ensuring that flood resilience strategies are 

socially and culturally inclusive and appropriate (Nur & Shrestha, 2017). When communities are not 

involved in planning processes, flood mitigation measures ultimately fail to account for local needs, 

priorities, and social imperatives. For instance, resettlement programs often displace communities 

from their homes and livelihoods without considering the socioeconomic impacts of relocation and 

how that shapes the community’s resilience or lack thereof (Cernea, 2021). In the absence of 

sufficient input from affected populations, these programs end up being poorly implemented while 

also encountering resistance from the very communities they aim to protect (Cernea, 2021).  

4.6.5 Perpetuation of the Vicious Cycle of Disaster Vulnerability 
The failure to effectively coordinate flood resilience planning across different levels of governance, 

engage local communities, and prepare for immediate flood responses perpetuates the vicious cycle 

of flood vulnerability described within the body of this study. Without integrated, long-term 

strategies, flood-prone areas are left exposed to repeated disasters, with each flood further 

degrading previously developed infrastructure, deepening poverty, and eroding the social fabric of 

affected communities (O’Brien et al., 2012). The lack of post-disaster coordination and recovery 

planning ensures that communities are unable to rebuild effectively, leaving them even more 

vulnerable to the next flood. Moreover, the disjointed nature of flood resilience governance in the 

Global South contributes to the marginalization of vulnerable population; particularly the poor, 

women, and ethnic minorities, who are disproportionately impacted by recurring flood disasters and 

their consequences (Choudhury & Haque, 2016). 

In addition, the failure to engage communities and incorporate their knowledge and needs into flood 

resilience strategies ensures that solutions remain top-down and technocratic, disconnected from 

the realities on the ground (Nur & Shrestha, 2017). This approach reinforces a cycle of mistrust 
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between governments and the populations they are supposed to protect, undermining the 

effectiveness of flood resilience measures and further entrenching the vulnerabilities of the 

community. The long-term consequences of this fragmented and ineffective governance structure 

are then clear; without coordinated macro-area planning, community participation, and rehearsed 

first-response systems, flood-prone regions will continue to experience increasing frequency and 

intensity of disasters (O’Brien et al., 2012) . Therefore, the governance systems currently employed 

in the Global South, are ill-equipped to address the growing risks posed by climate change and rapid 

urbanization. Breaking this cycle will require better coordination across levels of governance along 

with a fundamental shift toward a more inclusive, community-driven plethora of flood resilience 

strategies that prioritizing long-term sustainability over short-term economic gains (Nur & Shrestha, 

2017). 

4.7 Institutional Frameworks for Flood Resilience 
Institutional frameworks refer to the complex web of rules, regulations, and organizational 

structures that govern and shape societal processes (Farahmand et al., 2020). These frameworks 

play a crucial role in determining the resilience of communities to environmental challenges, such 

as the threat of floods (Gilissen et al., 2016). Successful institutional frameworks can facilitate 

coordinated, adaptive responses to disaster management, while failures can exacerbate 

vulnerability and undermine resilience efforts (Muhonda et al., 2014). Essentially, they provide a 

framework for action and interaction, setting the "rules of the game" for how things work in a 

particular context. These frameworks are especially important for sustainability transitions, which 

often involve significant societal shifts and require coordinated action from diverse stakeholders. 

This is because effective institutional frameworks provide the mechanisms for stakeholder 

engagement, coordination, and conflict resolution. They establish platforms for dialogue, 

negotiation, and collaborative decision-making, ensuring that diverse voices are heard and 

considered (Schoon & Cox, 2018).  

4.7.1 The Role of Institutional Frameworks in Flood Resilience  
Institutional frameworks play a significant role in shaping the resilience of communities to floods. 

Successful frameworks can facilitate coordinated, adaptive responses to disaster management, 

while failures can exacerbate vulnerability and undermine resilience efforts (Hegger et al., 2016). 

Institutional frameworks contribute to flood resilience in several key ways. They can establish 

mechanisms for coordinated, adaptive disaster management responses, or alternatively, exacerbate 

vulnerability and undermine resilience efforts if they fail to function effectively. For example, well-

designed frameworks can enable early warning systems, disaster planning, and post-disaster 

recovery efforts (Gilissen et al., 2016). They can also facilitate the integration of scientific knowledge, 

community-based expertise, and traditional ecological knowledge to inform decision-making and 

improve flood preparedness (Almutairi et al., 2020). Importantly, institutional frameworks also 

influence whether frugal innovations are legitimized and scaled. When institutional mechanisms are 

rigid or overly technocratic, they may unintentionally marginalize such bottom-up initiatives. 

Conversely, adaptive frameworks that embrace decentralization and inclusivity can enable frugal 

innovations to flourish by recognizing their value in resource-constrained settings. 

Conversely, institutional failures can undermine resilience by creating barriers to cross-scale 

coordination, inadequate funding for infrastructure maintenance, or a lack of inclusive governance 

processes that consider the needs of marginalized communities (Gim et al., 2019). As (Mian, 2014) 

notes, there is a need to better understand "how an alternative framework and the mechanism for 
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driving a change towards it" can help communities cope with future flood challenges through 

"adaptive governance" approaches. While institutional frameworks in the Global North have often 

focused on structural flood protection measures, such as dikes and levees, recent literature has 

emphasized the need for a more diversified approach that includes spatial flood adaptation, storm 

water management, community preparedness, and emergency responsiveness (Meng et al., 2020). 

This shift in perspective recognizes the limitations of traditional flood control measures and the 

importance of building resilience through a range of complementary and more adaptive strategies. 

Successful institutional frameworks in the Global South must similarly adopt a more holistic and 

adaptable approach, moving beyond rigid structures and incorporating local knowledge, 

community-based solutions, and flexible governance mechanisms (Yasmin et al., 2019).  

Such integrative perspective can further grant access to flood preparedness to communities which 

are often devoid of capabilities to do so due to a complex confluence of factors, leaving them at the 

mercy of the rain patterns. These tend to include the historical legacies of colonialism, poor and 

fragmented governance structures, as well as the disproportionate impacts of climate change 

leading to more frequent and severe weather extremes in these regions (O’Brien et al., 2012). By 

embracing a more process-oriented, adaptable, and inclusive approach, institutional frameworks 

can better support frugal innovation and enhance flood resilience in these vulnerable communities 

(O’Brien et al., 2012). This shift towards flexibility and local empowerment is crucial, as it allows 

institutional frameworks to better respond to the unique social, economic, and environmental 

contexts of the Global South, rather than imposing rigid, one-size-fits-all solutions imported from 

the Global North. Through this adaptive and participatory approach, institutional frameworks can 

play a vital role in building the capacity of marginalized communities to withstand and recover from 

the devastating impacts of floods (Fang et al., 2023). 

4.7.2 Challenges and Adaptations in Institutional Frameworks: Global North 
vs. Global South 

Institutional frameworks for flood resilience face a range of common challenges, both in the Global 

North and the Global South. One key challenge is the tendency for frameworks to be overly rigid and 

centralized, failing to adapt to the diverse local contexts and needs of communities. This becomes 

even more challenging when the solution or governing body is exported from one country to 

another, as the "status quo" and entrenched stakeholders in the recipient country may resist changes 

that disrupt existing power structures and resource flows (Dewulf et al., 2019). Another challenge is 

the lack of inclusive governance processes that engage a wide range of stakeholders, including 

marginalized communities, in decision-making. This can lead to the prioritization of flood protection 

measures that benefit certain groups over others, while failing to address the unique vulnerabilities 

and needs of the most at-risk populations (Herreros-Cantis et al., 2020). This highlights the 

importance of ensuring that institutional frameworks for flood resilience are developed through a 

collaborative process that involves both national and local governments, as well as the communities 

they serve.  

However, institutional frameworks imported from the Global North often fail in the Global South 

because they do not account for local complexities and governance challenges unique to the region 

where they are attempted. The failure of these transplanted frameworks can be attributed to their 

rigid, technocratic-focused frameworks and governance, which lack the flexibility needed to respond 

to the discretionary and resource-intensive nature of service delivery in flood resilience efforts and 

practices (Pritchett & Woolcock, 2003). By overlooking local governance systems, social structures, 

and resource limitations, these frameworks often exacerbate existing vulnerabilities rather than 
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working to foster resilience. This highlights the critical need for more adaptable and participatory 

models that empower local stakeholders and communities to be actively involved in decision-

making, ensuring that institutional frameworks are tailored to their specific needs and realities 

(Pritchett & Woolcock, 2003). In this context, transition management might offer a way of fidning 

compromise thus breaking the mentioned deadlock regarding flood resilience in the Global South 

(Yasmin et al., 2019). This approach emphasizes the importance of a long-term policy vision 

combined with short-term experimental learning to enable governance frameworks to adapt 

iteratively over time (Voß et al., 2009). This adaptive process is particularly relevant in the Global 

South, where fragmented governance structures make rigid, top-down frameworks less effective. By 

allowing for iterative experimentation and deliberation, transition management encourages a more 

flexible, reflexive governance approach that can evolve with changing socio-political and 

environmental contexts (Voß et al., 2009). 

Furthermore, the resilience and long-term application of institutional frameworks in many countries, 

especially in the Global South, is often hindered by individual power dynamics, political campaigning, 

and political instability (Dewulf et al., 2019). The transient nature of political leadership and the 

influence of entrenched stakeholders who resist changes that disrupt existing power structures and 

resource flows can undermine the continuity and effectiveness of institutional frameworks designed 

to enhance flood resilience (Gersonius et al., 2016). This resistance is often rooted in the historical 

legacies of centralized governance, where power has traditionally been concentrated in elite groups 

chosen by the colonial power, further complicating efforts to implement adaptive and community-

centered governance structures (Pritchett & Woolcock, 2003). Another challenge involves the 

frequent lack of long-term vision and commitment to maintaining these frameworks. Short-term 

political cycles often prioritize immediate, visible results over sustained investment in flood 

resilience measures, leading to a neglect of crucial maintenance and updates (Zevenbergen et al., 

2016). This can result in the gradual degradation of infrastructure, erosion of institutional 

knowledge, and a decline in the effectiveness of flood resilience strategies over time. These 

challenges are particularly acute in regions where governance structures are fragmented, resources 

are scarce, and the impacts of climate change disproportionately affect marginalized communities 

(Herreros-Cantis et al., 2020).  

Thus, by emphasizing co-evolutionary processes between policy, stakeholders, and governance 

structures, the transition management approach fosters more inclusive and adaptable institutional 

frameworks (Yasmin et al., 2019). These frameworks are better equipped to withstand the ebb and 

flow of political cycles while empowering local stakeholders to take ownership of flood resilience 

efforts (Voß et al., 2009). Such measures might also provide a way to navigate the paradoxes inherent 

in flood resilience governance, where strong frameworks are seen as essential but often struggle to 

adapt to the local contexts in the Global South. By creating more responsive and participatory 

models that address the unique challenges and needs of each community, transition management 

can help mitigate these challenges (Voß et al., 2009). 

4.7.3 Paradox Perspective of Institutional Frameworks 
The paradoxical nature of institutional frameworks for flood resilience, particularly when imported 

from the Global North to the Global South, is a critical consideration. These frameworks, often 

designed and implemented in the context of developed countries with well-established governance 

structures, advanced infrastructure, and ample resources, can struggle to adapt to the realities of 

the Global South, where the "status quo" and entrenched stakeholders may resist the changes 

required to implement such frameworks effectively (Odeh, 2010).  In the Global South, institutional 
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frameworks are often confronted with a complex web of historical, social, economic, and political 

factors that can impede their successful implementation (Yasmin et al., 2019). For example, the 

legacies of colonialism, persistent power imbalances, and limited resources can create significant 

barriers to the adoption and adaptation of institutional frameworks designed in the Global North, 

as the construct of the society, decision-making and institution are effectively different than those 

in developed countries (Odeh, 2010). Moreover, the self-perpetuating cycles of resource 

distribution, stakeholder influence, and political decision-making can further undermine the 

effectiveness of these imported frameworks, as they collide with the existing "status quo" and 

struggle to gain traction within the local context (Yasmin et al., 2019). This paradox highlights the 

crucial need for a more nuanced and context-sensitive approach to institutional frameworks for 

flood resilience (Smith & Lewis, 2011). On one hand, there is a recognized need for strong 

institutional frameworks in the Global South. On the other hand, international institutional 

frameworks do not always work in the Global South, where progress can sometimes be quicker and 

perhaps more effective even in the context of institutional voids. This is paradoxical because while 

strong frameworks are seen as essential, they can be ineffective or counterproductive if not adapted 

to local conditions. 

4.7.4 "Room for the River Program" in the Netherlands 
One example of a successful institutional framework for flood resilience is the "Room for the River 

Program" implemented in the Netherlands. This program adopted a process-based approach that 

involved giving rivers enough room to rise and expand during flood events, without the built 

environment becoming inundated (Rijke et al., 2012). This case is especially relevant to this study 

because it demonstrates how institutional frameworks can actively enable frugal innovation when 

they embrace flexibility, long-term vision, and nature-based principles over rigid technocratic 

infrastructure. By prioritizing a more holistic and adaptive approach to flood management, the 

"Room for the River Program" represented a departure from the traditional focus on flood 

protection infrastructure, such as dikes and levees (Rijke et al., 2012). Instead, the program sought 

to create a more dynamic and resilient relationship between the river, the landscape, and the 

communities living along its banks.  

Figure 15 : Room for the River Nijmegen 

 

From “Room for the River Nijmegen” by HNS Landschapsarchitecten, 2015, (https://www.hnsland.nl/en/projects/room-river-

nijmegen/) 
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The program's success can be attributed to several key factors, including the strong institutional and 

legal frameworks that supported its implementation, the engagement of a wide range of 

stakeholders in the decision-making process, and the long-term commitment to maintaining an 

adaptive and flexible approach to flood risk management (Rijke et al., 2014). Moreover, the 

program's emphasis on giving "room" to the rivers, rather than solely relying on hard engineering 

solutions, also reflects a growing recognition of the importance of working with natural processes 

and ecosystems to enhance flood resilience. Therefore , the "Room for the River Program" in the 

Netherlands provides a valuable case study for understanding how institutional frameworks can be 

designed and implemented to support more resilient and sustainable approaches to flood risk 

management (Rijke et al., 2014). Its success highlights the importance of developing institutional 

frameworks that are adaptive, inclusive, and responsive to the unique challenges and opportunities 

present in different geographical and socio-political contexts. 

Additionally, the "Room for the River Program" in the Netherlands can also be viewed as an example 

of frugal innovation, even though it was developed in a high-income, industrialized country (Kroll & 

Gabriel, 2020). Frugal innovation is typically associated with resource-constrained environments and 

involves creating affordable and accessible solutions by minimizing the use of high-cost 

technologies. In this program, the emphasis is on working with nature by allowing rivers to expand 

naturally during flood events, which avoids the need for extremely complicated solutions where a 

heavily engineered solutions are employed (Bhatti & Ventresca, 2013). This adaptive approach, 

which leverages natural processes, can be seen as cost-effective and resource-efficient, aligning with 

the principles of frugal innovation. 

However, the program does face challenges when evaluated against the societal relevance axis of 

frugal innovation. One significant issue is the need for land expropriation, which involves reallocating 

land from its current uses to create space for rivers to expand (Goossen, 2018). This process often 

sparks debates over land use and ownership, which are sensitive and contentious issues within 

society . The requirement to balance flood resilience with the rights and livelihoods of local 

landowners and communities makes the implementation of such a program complex. These social 

and political dimensions highlight the difficulty of achieving consensus and the need for careful 

negotiation and compromise between parties to attain the ends proposed by the program (Goossen, 

2018).  

This in turn also characterizes the Room for the River as a complex solution where the institutional 

frameworks must be highly adaptable to navigate socio-political challenges and resistance. This in 

turn also characterizes the "Room for the River" as a complex solution where the institutional 

frameworks must be highly adaptable to navigate socio-political challenges and resistance 

(Baccarini, 1996). Complex solutions often benefit from the use of a paradox perspective to reach 

such compromises (Lewis & Smith, 2014). The paradox perspective acknowledges that institutional 

frameworks must address contradictory, interrelated, and persistent challenges. For example, while 

strong institutional frameworks are often necessary, they must also be flexible enough to adapt to 

local conditions and stakeholder needs, here exemplified by the greater need of attaining societal 

flood resilience versus the individual will to use the land as one sees fit (Snel et al., 2021). 

Recognizing that consensus is often never fully attainable, the program emphasizes ongoing 

negotiation, adaptation, and learning to manage and mitigate conflicts effectively. 

Despite these challenges, the "Room for the River Program" demonstrates that even within the 

context of developed nations, principles of frugal innovation such as simplicity, cost-efficiency, and 

leveraging natural systems can be effectively applied to create sustainable and resilient flood 
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management solutions (Rijke et al., 2014). The program's approach, which avoids complicated and 

extremely costly solutions, makes it potentially also applicable to the Global South. However, this 

applicability hinges on overcoming the complex socio-political challenges which tend to be more 

prevalent in the Global South. If these complex issues can be managed, the "Room for the River" 

model could offer a viable, cost-effective flood management strategy in resource-constrained 

environments. This reflects the ongoing debate between the perceived effectiveness of universal, 

one-size-fits-all solutions versus the critical need to adapt approaches to the unique local conditions, 

power dynamics, and socio-economic realities present in diverse geographical and political settings 

(O’Brien et al., 2012). Successful implementation of flood management strategies requires a deep 

understanding of the complex interplay between institutional frameworks, stakeholder interests, 

and contextual factors, which can vary greatly between the Global North and Global South (Takin et 

al., 2023). Highlighting this nuance is crucial to avoid oversimplifying the transferability of solutions 

and to promote more thoughtful, context-specific approaches to enhancing flood resilience 

worldwide. 

4.8 Comparative Analysis: Frugal Solutions vs. Traditional Methods 
Frugal innovation has emerged as a promising approach to address the unique challenges of 

resource-constrained environments, particularly in the context of flood resilience (Busch et al., 

2018). Unlike traditional flood resilience methods, which often rely on extensive and high-cost 

infrastructure, such as the construction of levees, dams, and drainage systems, frugal innovation 

focuses on developing cost-effective, context-specific, and sustainable solutions (Weyrauch & 

Herstatt, 2016). Such traditional methods typically require significant financial investments and are 

dependent on long-term planning and political continuity, which can be impractical in regions with 

weak institutional frameworks and limited resources, particularly when referring to the Global South 

(McDermott, 2022). In contrast, frugal innovation prioritizes core functionality and social relevance 

while minimizing resource use, making it a more accessible and affordable approach for underserved 

communities and the goal of sustainable flood resilience. 

One of the key advantages of frugal innovation is its ability to address the needs of underserved 

populations in a more inclusive manner. Frugal solutions tend to be more accessible and affordable, 

catering to the specific requirements of local communities (Kroll & Gabriel, 2020). However, it is 

important to acknowledge that, due to their novelty and context-specificity, frugal innovations are 

often untested and experimental, requiring careful consideration of potential uncertainties such as 

long-term performance, scalability and maintenance costs (Hill et al., 2023). 

Conversely, traditional flood resilience methods, such as the construction of hard engineering 

structures, have a longer track record and are societally perceived as more reliable and robust 

(Zevenbergen et al., 2020). Yet, these conventional approaches have also been criticized for their 

potential to harm riverine ecosystems, increase long-term flood risk, and impose significant financial 

burdens on local communities and governments (Matczak & Hegger, 2021) while also being less 

adaptable to the rapidly changing climate and demographic landscapes, limiting their effectiveness 

in the long term. Furthermore, frugal innovation emphasizes the wise use of resources, minimizing 

waste and environmental impact, making it a more sustainable approach compared to traditional 

methods (Brem et al., 2020). In the context of flood defenses, frugal innovation frequently involves 

nature-based designs that leverage and rejuvenate natural ecosystems to regulate water flow and 

alleviate the impacts of flooding. This approach offers effective flood protection while also 

generating environmental and social co-benefits, such as enhanced biodiversity and improved 

community well-being (Dhyani et al., 2020). 
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Table 3 : Comparative Analysis of Frugal Innovation and Traditional Flood Resilience Methods 

Aspect Frugal Innovation Traditional Methods 

Cost Low-cost, accessible, and 

resource-efficient  

High initial investment; long-term 

maintenance costs  

Adaptability Highly adaptable to local 

contexts; leverages local 

knowledge and resources  

Less adaptable; dependent on large-

scale infrastructure  

Environmental 

Impact 

Minimizes environmental 

impact; often involves nature-

based solutions  

Can disrupt ecosystems and natural 

water flow  

Implementation 

Speed 

Rapid deployment; minimal 

reliance on external support  

Slower to implement; requires 

extensive planning and political 

stability  

Community 

Involvement 

High community engagement; 

context-specific and culturally 

appropriate  

Typically top-down approach; limited 

community input  

Scalability and 

Reliability 

Untested on larger scales; 

potential uncertainties in long-

term performance  

Proven reliability in many contexts but 

may be less effective as conditions 

rapidly change  

Long-term 

Sustainability 

Promotes sustainable practices 

by integrating with natural 

systems  

May require frequent updates and 

upgrades to keep pace with changing 

climate conditions  

Technocratic vs. 
Socio-geographic 

Grounded in socio-geographic 
contexts; emphasizes local 
engagement and solutions 

More technocratic, relying on technical 
expertise and centralized control 

Complexity vs. 

Complicatedness 

Considered complex due to 

context-specific adaptation and 

multiple interacting factors  

Considered complicated due to 

technical expertise and large-scale 

management but follows established 

procedures  

Social Relevance High social relevance; aligns 

with local needs and enhances 

community resilience  

Lower social relevance; can be 

disconnected from local realities and 

needs  

 

4.8.1 Cross-Regional Comparisons: Global South vs. Global North 
The implementation and outcomes of frugal innovation in flood resilience vary significantly across 

different regions, especially when comparing the Global South and the Global North. In the Global 

South, frugal innovation has gained traction as a means to address the pressing needs of 

marginalized communities that often lack access to traditional flood resilience infrastructure (Kroll 

& Gabriel, 2020) Successful examples include the development of low-cost flood monitoring 

systems, innovative water harvesting techniques, and community-based early warning systems, all 
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of which have demonstrated remarkable effectiveness in improving flood preparedness and 

response (Hossain et al., 2021). One notable success story is found in Bangladesh, where the 

introduction of floating gardens, known as "baira," has provided a resilient agricultural solution in 

flood-prone areas (Bala et al., 2020). These gardens, constructed from water hyacinths and bamboo, 

allow communities to continue farming during the monsoon season when much of the land is 

submerged (Bala et al., 2020). This innovative practice ensures food security while also sustaining 

livelihoods in a region traditionally characterized by vulnerability to flooding. Moreover, it promotes 

an adaptation mindset, encouraging communities to live with more inclement weather rather than 

simply trying to resist it. By leveraging the community's inherent will to adapt and remain in their 

homeland, these solutions foster a proactive approach to climate resilience, encouraging 

participatory planning to potentially overshadow the deadlock involved with applying effective flood 

resilience (Takin et al., 2023), to thrive amidst increasingly unpredictable environmental conditions. 

These solutions are often driven by necessity, leveraging local knowledge and resources to create 

context-specific, sustainable innovations that can be rapidly deployed and maintained with minimal 

external support (O’Brien et al., 2012). The emphasis on practicality and adaptability allows these 

frugal innovations to thrive in environments with limited financial resources and weak institutional 

frameworks (Weyrauch & Herstatt, 2016). The emphasis on practicality and adaptability of frugal 

innovations allows them to thrive in environments with limited financial resources and weak 

institutional frameworks, offering a key advantage over traditional flood resilience methods that are 

often less compatible with the realities of governance and social structures in the Global South 

(Weyrauch & Herstatt, 2016). Moreover, technocratic frameworks designed in the Global North often 

fail when directly applied to the Global South due to the fragmented nature of governance in 

developing countries (Pritchett & Woolcock, 2003). Frugal innovation aligns with adaptive 

governance processes by emphasizing long-term resilience goals alongside short-term, flexible 

responses (Bhatti & Ventresca, 2013). This iterative approach, where local solutions evolve based on 

practical feedback and changing needs, also reflects principles of transition management (Voß et al., 

2009). Such models can help to ultimately overcome the rigid, top-down frameworks provided by 

the Global North, thus promoting a governance that adapts to socio-political and environmental 

shifts, making these solutions more sustainable and adaptable in the Global South, where they have 

a better chance of finding compromises for often paradoxical challenges (Voß et al., 2009). 

In contrast, the adoption of frugal innovation in the Global North has been more gradual, as these 

regions tend to have greater access to financial resources and established infrastructure (Kroll & 

Gabriel, 2020). However, the rising challenges associated with climate change, such as increased 

frequency and severity of flooding, have begun to highlight the unfeasibility of traditional, capital-

intensive approaches (O’Brien et al., 2012). Such solutions will also have to possess ever-more robust 

designs challenging the availability of resources and the ability of a society to adapt to large-scale 

and complex issues (Sörensen et al., 2016). The North Sea Closure Project, and its discussions around 

constructing giant dams to protect against rising sea levels, illustrates the potential pitfalls of this 

approach (Groeskamp & Kjellsson, 2020). This massive infrastructure proposal has led to a mindset 

that adaptation is only achievable through the construction of increasingly larger barriers. This belief 

overlooks the reality that such barriers may ultimately prove insufficient, and their sheer scale and 

complexity can hinder long-term sustainability and adaptability, even in the Global North 

(Rasmussen et al., 2023). The notion that society must be protected by ever-larger and more 

expensive barriers creates an illusion that adaptation is never truly attainable, risking the continuous 

escalation of solutions that may not be sustainable in the long run (Groeskamp & Kjellsson, 2020). 
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4.8.2 Lessons Learned: Frugal Innovation vs. Traditional Flood Defense 
Techniques 

The comparative analysis of frugal innovation and traditional flood defense techniques offers critical 

insights into their respective strengths and weaknesses, as well as the potential for their integration 

in addressing flood resilience. Both approaches have distinct advantages that can be strategically 

leveraged to enhance flood resilience in diverse contexts (Sörensen et al., 2016). However, their 

effectiveness depends technological and adaptive strategies employed but also on the governance 

and institutional frameworks that support their implementation. However, the effectiveness of these 

approaches is contingent on the technological and adaptive strategies employed, while also 

depending on the present institutional frameworks to facilitate or hamper their implementation 

(Matczak & Hegger, 2021). 

4.8.3 Technological and Adaptive Perspectives 
From a technological standpoint, frugal innovation excels in its ability to provide cost-effective, 

context-specific solutions that are particularly well-suited for resource-constrained environments. 

As demonstrated by the success of floating gardens in Bangladesh and low-cost early warning 

systems in various parts of the Global South, frugal innovations can be rapidly deployed and 

maintained with minimal external support. These solutions emphasize adaptability, leveraging local 

knowledge and resources to create resilient systems that can withstand the challenges posed by 

climate change (Bala et al., 2020). However, the novelty and context-specific nature of frugal 

innovations often mean that they are untested on a larger scale, raising questions about their long-

term performance, scalability, and maintenance costs (Hossain, 2021). 

The novel and context-specific nature of frugal innovations often limits their large-scale evaluation, 

which raises concerns about their long-term effectiveness, ability to scale, and maintenance 

requirements (Hossain, 2021). While frugal innovations can be highly innovative and effective in 

their local contexts, their untested nature on a larger scale raises questions about their long-term 

performance and scalability. Therefore, scaling up frugal innovations often requires overcoming 

challenges related to standardization, supply chain integration, and institutional support, which can 

be difficult to achieve (Hossain et al., 2016). Additionally, the maintenance and upkeep of these 

context-specific solutions over an extended period may require significant resources and ongoing 

community engagement, which could limit their widespread adoption and sustained impact. 

Therefore, more comprehensive evaluation and research are needed to better understand the long-

term feasibility and scalability of frugal innovation approaches to flood resilience (Hossain, 2021). 

In contrast, traditional flood defense techniques, such as the construction of levees, dams, and 

drainage systems, have a proven track record of effectiveness in mitigating flood risks, particularly in 

the Global North (Pearson et al., 2018). These methods are often perceived as more reliable and 

robust due to their extensive history and the societal trust they have garnered over time 

(Zevenbergen et al., 2020). However, they are also capital-intensive, require long-term planning, and 

can have significant environmental and financial impacts. Moreover, as climate change intensifies, 

these traditional approaches may struggle to adapt to rapidly changing conditions, highlighting the 

need for more flexible and innovative solutions (Matczak & Hegger, 2021). 

However, traditional flood defense techniques are also capital-intensive, requiring significant 

upfront investments and long-term planning and maintenance. These large-scale infrastructure 

projects can have significant environmental impacts, such as disrupting natural ecosystems and 

altering water flow patterns (Rasmussen et al., 2023). Additionally, the financial burden of 



 

Page | 75 
 

constructing and maintaining these defenses can strain government budgets, limiting resources for 

other essential community needs. Moreover, as climate change intensifies, these traditional 

approaches may struggle to adapt to rapidly changing conditions, such as more frequent and severe 

flooding events, sea-level rise, and shifting weather patterns, particularly if they attempt to face ever 

more challenging weather loads (Groeskamp & Kjellsson, 2020). This highlights the need for more 

flexible and innovative solutions that can better withstand the dynamic challenges posed by the 

evolving climate (Matczak & Hegger, 2021). 

4.8.4 Integrating Frugal Innovation with Traditional Infrastructure 
One of the most promising avenues for combining frugal innovation with traditional flood defense 

techniques lies in the integration of nature-based solutions with conventional infrastructure. Frugal 

Innovation in the context of flood resilience often takes the form of nature based or nature 

complementing designs (Opperman & Galloway, 2022), thus utilizing and enhancing natural 

processes to provide ecosystem services that act as flood regulation and are therefore critical for 

long-term resilience (Takin et al., 2023). For example, the restoration of wetlands, the creation of 

floodplains, and the implementation of green infrastructure, such as urban forests and permeable 

surfaces, can significantly reduce the volume and speed of water entering traditional drainage 

systems, thus mitigating flood risks (Dhyani et al., 2020). 

Moreover, traditional infrastructure, such as levees, dams, and drainage systems, can be 

complemented by these nature-based approaches, creating a hybrid model of flood defense 

(Opperman & Galloway, 2022). This model provides for immediate flood protection while also 

enhancing the sustainability of the infrastructure and reducing the strain on these systems during 

extreme weather events. This promotes a diversified portfolio of flood risk management that 

combines the reliability and robustness of traditional engineered solutions with the adaptive 

capacity and ecosystem benefits provided by nature-based approaches (Loggia et al., 2020). For 

instance, wetlands can act as natural sponges, absorbing excess water during heavy rains, which 

reduces the load on levees and prevents them from breaching. Similarly, floodplains can provide 

space for rivers to overflow safely, reducing the risk of flooding in downstream urban areas (Loggia 

et al., 2020). The integration of Nature Based Solutions with traditional infrastructure also supports 

biodiversity and creates multifunctional landscapes that offer recreational and aesthetic benefits, 

contributing to the overall well-being of communities. By incorporating green spaces into urban 

environments, these combined approaches enhance the quality of life of the communities while 

simultaneously building resilience to climate impacts (Mwendwa & Giliba, 2012). 

4.8.5 Enhancing Governance and Institutional Frameworks 
The combination of frugal innovation and traditional techniques extends beyond the technical 

aspects of flood resilience; it also necessitates the development of inclusive and effective 

governance frameworks. Traditional flood defenses often rely on top-down approaches, where 

decisions are made by centralized authorities with little input from local communities. While this 

model has been effective in regions with strong institutional frameworks, it can lead to a disconnect 

between the needs of communities and the solutions provided, particularly in the Global South 

(Yasmin et al., 2019). 

Frugal innovation, on the other hand, emphasizes community involvement and the utilization of local 

knowledge, ensuring that solutions are context-specific and culturally appropriate (Weyrauch & 

Herstatt, 2016). By combining this bottom-up approach with the top-down structure of traditional 

governance, it is possible to create hybrid governance models that are both inclusive and effective. 
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This seemingly paradoxical approach, merging decentralized community engagement with 

centralized planning and resource allocation, can lead to more contextually appropriate and resilient 

flood management strategies and compromise among the stakeholders (Herk et al., 2013). 

Additionally, the integration of frugal innovation into traditional governance frameworks can 

enhance the flexibility and adaptability of flood management strategies (Takin et al., 2023). 

Traditional infrastructure projects are often characterized by long planning and implementation 

timelines, making them less responsive to emerging challenges. By incorporating frugal innovation, 

which is typically more agile and adaptable, governance frameworks can become more dynamic, 

capable of responding to new information and changing conditions more effectively (Loggia et al., 

2020). 

Finally, combining frugal innovation with traditional flood defense techniques enhances long-term 

sustainability by creating flood management strategies that are both adaptable and maintainable 

(Zevenbergen et al., 2020). Traditional infrastructure frequently requires substantial financial and 

technical resources for ongoing maintenance, which can overburden local governments, particularly 

in resource-limited contexts (Takin et al., 2023). Additionally, the increasing frequency and severity 

of inclement weather events due to climate change can render the original design parameters of 

such infrastructure insufficient to achieve the desired goals of flood resilience (Hossain & Kalyanapu, 

2012). For example, as sea levels rise, coastal wetlands can naturally migrate inland, maintaining 

their protective role against storm surges without requiring human intervention (Dhyani et al., 2020). 

Therefore, the integration of frugal solutions, such as nature-based designs, can reduce the 

maintenance burden and enhance the long-term viability of flood management systems, making 

them more resilient to evolving climate conditions, proving to be potentially the ultimate solution 

for the flood defenses of the following decades (Hill et al., 2023). 

4.9 A Hybrid Institutional Framework for Flood Resilience 
The literature review points towards the necessity of an adaptive institutional framework for 

achieving flood resilience in the Global South, one that not necessarily shuns elements from the 

Global North, but that can incorporate them in a nuanced enough manner to be effectively applied 

in diverse socio-geographic and economic settings. This adaptability is crucial, as frameworks 

developed for resource-rich, well-governed contexts often fail to address the unique challenges of 

regions with fragmented governance, limited resources, and socio-economic disparities (Dados & 

Connell, 2012). The framework must be flexible, allowing for the inclusion of both traditional, 

infrastructure-heavy approaches and more context-sensitive, low-cost solutions. In this context, 

frugal innovation emerges as a potential catalyst for enhancing said resilience. Frugal solutions 

prioritize lowers costs, core functionality and social relevance, making them highly suitable for 

environments where resources are constrained and local engagement is vital. However, frugal 

innovation alone may not be sufficient when employed alone. While it addresses immediate needs 

and is more adaptable, it lacks the scalability and robustness that traditional methods offer. This 

points to the need for a combined approach, one that seeks to integrate frugal innovations with 

traditional flood resilience methods to create a comprehensive, layered strategy (Matczak & Hegger, 

2021). Given this complexity, decision-makers must adopt a paradoxical perspective that recognizes 

and manages inherent tensions and unsolvable conflicts between different approaches. Rather than 

seeking to eliminate these contradictions, they should aim for a level of compromise that enables 

effective flood resilience, thus breaking the deadlock (Smith & Lewis, 2011). This involves balancing 

the control and reliability of traditional methods with the flexibility and social relevance of frugal 

innovations, adapting to local contexts while learning from global practices. The development of 
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such a hybrid framework requires a governance model that is adaptable and collaborative, capable 

of bridging gaps between top-down policies and bottom-up, community-driven initiatives (Raub et 

al., 2024). Finally, the governance mechanisms must embrace these paradoxes not as roadblocks, 

but as opportunities to craft more context-sensitive and adaptive strategies. 

5 Data Analysis 
This chapters introduces and illustrates the diverse relationships and interactions among 

stakeholders interviewed by this study, reflecting the multifaceted and geographically varied nature 

of flood resilience initiatives and their application within the built environment. These stakeholders 

include representatives from academic institutions, government agencies, private consulting firms, 

and international missions; with a specific focus also given to stakeholders which have interacted 

with the case study of the 2024 Floods in Rio Grande do Sul, Brazil. This mapping process captures 

the essence of this study, which interplays the connections between actors across different levels of 

governance and geographic regions, emphasizing how expertise from both the Global North and 

Global South intersects or fails to, in order to address the shared challenges of flood resilience. The 

literature review played a foundational role in informing the research topic, highlighting key tensions 

between technocratic and frugal resilience approaches, and guiding the formulation of interview 

questions. In parallel, the 2024 Rio Grande do Sul floods served as a contextual anchor for this study, 

not only shaping the conceptual framework but also helping to identify relevant interviewees and 

influencing the direction of empirical data collection. 

Each interviewee contacted by this research contributes a unique perspective, informed by their 

socio-geographic context and professional background. For example, stakeholders in Brazil, India, 

and Tanzania offer firsthand insights into implementing flood resilience strategies in resource-

constrained environments, while experts from the Netherlands, the United States, and China 

provide perspectives on the transfer of technocratic frameworks and innovations across different 

socio-geographic settings along with the peculiarities of flood resilience mechanisms in their places 

of work. The interviews ultimately also reflect a remarkable geographic diversity, with participants 

hailing from across four continents. This diversity ensures that the study incorporates a wide range 

of viewpoints, from localized, community-driven resilience strategies to large-scale, infrastructure-

focused solutions. Such a broad spectrum of insights enhances the study’s capacity to explore the 

interplay between technocratic and frugal, adaptive approaches, highlighting the contextual 

nuances essential for achieving sustainable and inclusive flood resilience, particularly given the 

context of the Global South. 

Figure 18 provides a visual representation of these relationships, while Table 4 offers a detailed 

breakdown of the interviewees, including their roles, affiliations, geographic contexts, and areas of 

expertise. To streamline the analysis, the stakeholders have been grouped into five overarching 

categories based on their areas of expertise and focus. These categories will be explained in depth 

in the body of this chapter and will serve as a basis for discussing the findings in the data analysis 

chapters. Additionally, these categories will play a pivotal role in establishing and applying the 

proposed governance-sensitive framework, based on the Dynamic Equilibrium Model (Smith & 

Lewis, 2011) and practical toolkit for flood resilience. This combination of geographic and 

professional diversity, coupled with a structured categorization of expertise, is central to achieving 

the study's objective of addressing the complexities of flood resilience within the Global South in a 

holistic manner, ultimately hoping to contribute to the breaking of the aforementioned Deadlock of 

Flood Resilience (Section .3.1.9). 
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The network diagram presented in Figure 18 represents the 20 stakeholders interviewed for this 

study, categorized into two overarching groups: Global South and Global North. This initial 

distinction highlights the geographic diversity of perspectives, with stakeholders from the Global 

South offering localized, resource-constrained insights and those from the Global North contributing 

technocratic frameworks and solutions. Each node represents a unique expertise or role, reflecting 

the wide array of professional backgrounds included in this study. The connections illustrate the 

interplay of governance, policy, and innovation across these global contexts, underscoring the 

collaborative nature of addressing flood resilience challenges. 

Figure 16 : Stakeholders  Network Map 

From Author (2024) 

To further contextualize the origins of the participants, a world map (i.e., Figure 19) displays their 

geographic distribution, divided into the Global North and Global South. This visualization highlights 

the diverse range of perspectives contributing to the research, spanning different governance 

systems, economic contexts, and approaches to flood resilience. 

Within the Global South, Brazil stands out due to its central role in the case study, with multiple 

stakeholders offering insights into its ongoing efforts to address flood resilience challenges, 

especially following the severe 2024 floods in Rio Grande do Sul. Additionally, interviewees from 

countries such as Indonesia, India, and Chile represent nations at a similar stage of development as 

Brazil, where resource constraints and governance complexities shape the strategies for achieving 

resilience. Tanzania also contributes to this discussion as a country striving to develop and 

implement resilience measures to meet the pressing challenges of the 21st century. From the Global 

North, experts from China and the United States bring contrasting perspectives on infrastructure 

and resilience, particularly regarding the role of the state in flood resilience efforts. China has been 

included in the Global North in this study due to its rapid rate of infrastructure development along 

with its economic and technological advancements over the last 20 years, furthermore, China’s 

centralized, large-scale approach contrasts with the decentralized, often reactive and market 

influenced model of the United States, offering a comparative analysis of contrasting governance 
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systems. The Netherlands is also prominently featured as a country with a long-standing tradition 

and expertise in flood resilience, exemplified by its recent collaboration with Brazil through the 

Dutch Mission to advise the 2024 floods in Rio Grande do Sul. Contributions from Armenia and 

Austria offer additional insights into how flood resilience strategies are applied globally, showcasing 

variations in how infrastructure and governance approaches adapt to local challenges. This diverse 

geographic representation emphasizes the global relevance of flood resilience, while also enriching 

the study’s by perspective by integrating varied approaches and lessons to its analysis.  

Figure 17 : Geographic Distribution of Interviewees 

 

From Author (2024) 

5.1  Interviewee Characterization 

Additionally, a bar chart displayed in Figure 20 categorizes the interviewees based on their areas of 
expertise, reflecting the breadth of knowledge represented in the study. The five categories 
presented are Water and Policy Management, Emergency Response and Community Resilience, 
Infrastructure and Urban Development, Flood Resilience and Risk Analysis, and Nature-Based and 
Socio-Environmental Solutions. Each category highlights a distinct focus area, ranging from strategic 
governance and technical expertise to community-centered approaches and innovative nature-
based solutions. These groupings offer a comprehensive framework for understanding the diverse 
perspectives that inform this research. Furthermore, these categories will be used to identify 
themes and parallels within the interviewees' responses, examining their concordance or 
dissonance with the study’s assumptions and contributing to the establishment of the proposed 
governance-sensitive model. They form the basis of the in-depth discussions presented in the 
following sections. 
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Figure 18 : Expertise of Interviewees 

 

From Author (2024) 

5.1.1 Water and Policy Management 
This category comprises interviewees with expertise in water resilience, water infrastructure 

management, and water policy. These stakeholders play a vital role in understanding the governance 

and strategic mechanisms necessary for managing water resources and mitigating flood risks. Their 

perspectives reveal the systemic challenges of integrating long-term policy frameworks with 

immediate infrastructure needs. They emphasize the importance of resource allocation, effective 

inter-agency coordination, and fostering public-private partnerships to enhance water management 

strategies. 

5.1.2 Emergency Response and Community Resilience 
Stakeholders in this category focus on disaster preparedness, emergency response mechanisms, and 

community-driven resilience initiatives. Their insights underscore the importance of rapid response 

systems and the role of firefighting infrastructure in mitigating the immediate impacts of floods. 

Equally significant is their emphasis on community engagement, which empowers local populations 

to participate in resilience planning and preparedness efforts. These interviewees also highlight the 

logistical and governance challenges associated with coordinating large-scale evacuations and 

recovery processes in diverse settings. 

5.1.3 Infrastructure and Urban Development 
This category includes experts in infrastructure consulting, development, and urban planning, with 

a focus on flood resilience. These stakeholders contribute valuable knowledge on designing and 

implementing infrastructure solutions that balance technical robustness with local socio-economic 

realities. Their perspectives highlight the importance of adaptive urban planning that addresses the 

unique needs of communities while aligning with broader resilience objectives. They also stress the 

challenges of integrating technocratic, large-scale approaches with localized, context-sensitive 

strategies. 
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5.1.4 Flood Resilience and Risk Analysis 
Flood resilience and risk analysis form a critical focus of this study, with interviewees specializing in 

flood risk modeling, resilience planning, and flood management policies. These stakeholders provide 

in-depth knowledge of predictive modeling techniques, vulnerability assessments, and actionable 

strategies for risk reduction. Their contributions bridge the gap between theoretical models and 

practical applications, ensuring that flood resilience measures are both evidence-based and 

adaptable to diverse contexts. They also highlight the importance of a proactive approach in 

addressing the evolving nature of flood risks. 

5.1.5 Nature-Based and Socio-Environmental Solutions 
This category is centered on interviewees advocating for nature-based solutions and socio-

environmental resilience. These experts highlight the potential of integrating natural systems, such 

as wetland restoration and green infrastructure, into flood resilience efforts. Their perspectives 

emphasize the dual goals of environmental conservation and socio-economic inclusion, with a focus 

on empowering communities through localized and frugal innovations. They stress the importance 

of leveraging traditional ecological knowledge and fostering community-based initiatives to achieve 

sustainable, long-term resilience. 

5.2 Interviewee Profiles and Expertise Overview 
Table 4 presents a comprehensive overview of the interviewees, highlighting their varied affiliations, 

geographic contexts, and expertise categorized into the five thematic classifications. The inclusion 

of stakeholders from academic institutions, government agencies, and private sectors ensures a 

diverse pool of perspectives. Each interviewee's role, as outlined in the table, served as a key 

identifier, enabling the alignment of their expertise with the broader themes of the study. This 

structure reflects the deliberate effort to integrate a wide range of insights critical to the research's 

objectives. 

Table 4 : Interviewees List 

Interview 

Number 

Role Affiliation Geographic 

Context 

Expertise 

1 Water Resilience 

Professor 

Federal University, Porto 

Alegre, Brazil 

Global South Water and Policy 

Management 

2 Civil Defense President Civil Defence 

Infrastructure, Porto 

Alegre, Brazil 

Global South Emergency 

Response & 

Community 

Resilience 

3 Water Company 

President  

Municipal Water 

Company, Porto Alegre, 

Brazil 

Global South Water and Policy 

Management 

4 Commander of 

Emergency Services 

Military Firefighting 

Command, Porto Alegre, 

Brazil 

Global South Emergency 

Response & 

Community 

Resilience 

5 National Water Council 

Advisor 

National Water Council, 

Brasilia, Brazil 

Global South Water and Policy 

Management 
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6 Infrastructure 

Consultant 

Infrastructure Sector, 

Porto Alegre,Brazil 

Global South Infrastructure and 

Urban Development 

7 Resilience Modelling 

Professor 

Federal University, 

Chandigahar, India 

Global South Infrastructure and 

Urban Development 

8 Nature-Based Solutions 

Professor 

Federal University, 

Roorkee, India 

Global South Nature-Based & 

Socio-Environmental 

Solutions 

9 Dutch Mission 

Consultant 

Dutch Mission, Den Haag, 

NL / Private Consulting, 

Sao Paulo, Brazil 

Global North Infrastructure and 

Urban Development 

10 Dutch Mission Principal 

Officer 

Dutch Mission, Den Haag, 

NL 

Global North Water and Policy 

Management 

11 Resilience Professor Private University, Boston, 

USA / Federal University, 

Kharagpur, India 

Global North Flood Resilience & 

Risk Analysis 

12 Sponge Cities Specialist Infrastructure Sector, 

Shanghai, China / Private 

University, Vienna, Austria 

Global North Infrastructure and 

Urban Development 

13 Water Management 

Expert 

Infrastructure Sector, 

Arusha, Tanzania 

Global South Nature-Based & 

Socio-Environmental 

Solutions 

14 Chief Resilience Officer Infrastructure Ministry, 
Dar es Salaam, Tanzania 

Global South Flood Resilience & 
Risk Analysis 

15 Urban Adaptation 

Officer  

Infrastructure Ministry, 

Bali, Indonesia 

Global South Emergency 

Response & 

Community 

Resilience 

16 Resilience & Climate 

Professor 

Public University, 

Bandung, Indonesia 

Global South Emergency 

Response & 

Community 

Resilience 

17 Infrastructure Resilience 

Professor 

Private University, 

Phoenix, USA,/ Public 

University, Yerevan 

Armenia 

Global North Nature-Based & 

Socio-Environmental 

Solutions 

18 Professor Urban 
Resilience 

Private University, 
Phoenix, USA,/ Public 
University, Seoul, Korea 

Global North Flood Resilience & 
Risk Analysis 

19 Urban Resilience 

Researcher Federal 

University, Porto Alegre, 

Brazil 

Federal University, Porto 

Alegre, Brazil 

Global South Flood Resilience & 

Risk Analysis 
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5.3 Thematic Analysis 
This study adopts a grounded theory-inspired methodology, incorporating an abductive research 
approach to systematically analyze qualitative data. By refining insights from the aforementioned 
expert interviews into structured themes and continuously engaging with the literature, the study 
hopes to contextualize the emerging findings. (Conaty, 2021). The coding process follows three key 
stages: open coding, where raw data is deconstructed into distinct conceptual elements; axial 
coding, which identifies patterns and relationships among such elements; and selective coding, 
where higher-order themes are compounded to structure the findings. This method ensures a 
rigorous yet flexible analytical process, allowing for an iterative interplay between empirical data 
and the theoretical constructs. Furthermore, by utilizing an abductive approach, the study moves 
beyond purely deductive or inductive reasoning, instead attempting to iterate between theoretical 
insights and emerging data patterns to refine its framework (Conaty, 2021). 

The study presents an hourglass model (i.e., Figure 21) as a visual representation of this conceptual 
process. This model depicts how raw qualitative data is systematically refined into structured 
thematic insights, which are then extrapolated into relational patterns and applied into discussions. 
The base of the model consists of open codes, which are directly extracted from the interviews, 
capturing governance tensions, institutional constraints, and resilience paradoxes pertaining to 
interactions with frugal innovation. These are then clustered into axial codes, grouping related 
concepts into overarching themes that provide a structured foundation for interpretation. At the 
narrow center, selective coding synthesizes the axial codes into broader conceptual categories that 
highlight key governance and resilience paradoxes regarding frugal innovation but also discussing 
issues of governance fragmentation. As the model expands again, the middle of the inverted triangle 
represents relational extrapolation, where thematic interconnections are examined, thus 
emphasizing how paradoxes interact within governance, policy, and institutional frameworks, 
particularly regarding the Global South but also with insights from the developed world. Finally, at 
the top of the model, quote discussion links extracted themes back to interview excerpts, illustrating 
real-world applications and expert perspectives to be compounded on a conceptual model 
regarding relations between the insights and their dependencies. 

Figure 19: Abductive Hourglass 

 

From Author (2024) 

5.3.1 Open Coding 

In this section, the key factors identified through the body of the expert interviews are examined, 
focusing specifically on issues pertaining to the paradoxes of frugal innovation in flood resilience. 
These factors were systematically analysed using the qualitative data analysis software Atlas.ti, 
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where they were categorized into two distinct groups: open codes and furthermore axial codes. The 
open codes represent a diverse set of factors extracted directly from the interview transcripts, 
capturing the various paradoxes, governance challenges, and institutional constraints articulated by 
the interviewees. These open codes serve as the foundational element for understanding the 
complexities and tensions inherent in applying frugal innovation to flood resilience in the Global 
South. The open coding process deliberately avoided preconceived categories, instead taking an 
abductive approach to identify novel concepts. This allowed emerging patterns to guide the analysis, 
rather than forcing the data into predetermined theoretical concepts. 

Figure 20 : Abductive Hourglass - Open Coding 

 

From Author (2024) 

This abductive approach recognizes that flood resilience paradoxes may not fit neatly into 
conventional categories and thus required a more exploratory coding strategy. Subsequently, these 
open codes were then systematically organized into six axial code categories, which grouped 
related challenges into overarchingthemes. Through this axial coding process, interrelated factors 
were clustered together based on conceptual similarities and affinities, allowing for a structured 
and coherent framework for analysis. In total, 202 open codes were abductively identified and 
grouped into six major axial code categories based on shared proximity and affiliation. They are as 
follows: 

1. Community-Led vs. Technocratic Solutions – Exploring tensions and issues between 
grassroots, frugal approaches and top-down, technocratic flood resilience frameworks. 

2. Financial and Resource Constraints – Examining limitations in funding, affordability, and 
access to the necessary resources for implementing solutions. 

3. Governance Fragmentation and Integration – Addressing the issues pertaining to 
fragmented governance structures and further efforts toward policy integration. 

4. Knowledge Integration and Institutional Learning – Investigating how knowledge transfer 
and learning from past resilience efforts shape policy outcomes. 

5. Paradoxes in Frugal Innovation – Analysing interrelated contradictions between cost-
effective, frugal solutions and more traditional flood resilience strategies. 

6. Political and Policy Dynamics – Understanding how political interests, regulatory barriers, 
and regulatory environments influence flood resilience measures. 
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Figure 21 : Axial Code Relations 

 

From Author (2024) 

Furthermore, the categorization of the open codes into the six axial code groups offers a more 
structured framework to allow for the investigation of the paradoxes inherent in applying frugal 
innovation to flood resilience efforts to be conducted. This categorization serves to further support 
the co-occurrence analysis in the upcoming sections by showing how different challenges interact 
and overlap different interrelated dimensions. Additionally, in Figure 23, the four open codes with 
the highest density in the body of the interviews were included under their corresponding axial 
codes to provide a visual representation of the depth and variety of responses given by participants, 
despite the topic having some pre-established themes and ideas a full list of all the basic codes can 
be examined in Appendix C. To further explore the relationships between these challenges, a Code-
Document analysis was then conducted within the bounds of the interviewee groups, as previously 
described in Section 5.1 pertaining to interviewee characterization. The co-occurrence analysis 
enabled a deeper understanding of how paradoxes intersect across different domains of frugal 
innovation and its application. Additionally, By identifying patterns within the co-occurrence, it was 
possible to assess how paradoxes are interconnected within specific expertise areas and how they 
manifest. 
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Figure 22 : Abductive Hourglass - Axial Coding 

 

From Author (2024) 

Therefore, by employing an abductive research approach, this analysis hoped to move beyond a 
rigid deductive or purely inductive reasoning (Conaty, 2021). Instead of assuming thematic 
structures, the open coding process was intentionally designed to capture emergent and interesting 
patterns attached to tailored insights from the interviewees. This iterative process allowed the 
research to remain open to unexpected paradoxes, governance tensions, and socio-political 
dynamics that might be inherent to frugal innovation for flood resilience (Conaty, 2021). Grounded 
in abductive reasoning, the study maintained a continuous interplay between empirical data and 
theoretical constructs, facilitating the refinement of conceptions acquired during the literature 
review while allowing space for new theoretical perspectives to emerge. This methodological 
flexibility is particularly critical in examining paradoxes, where competing and contradictory forces 
interact in complex ways. Furthermore, the Code-Document analysis within the six axial code 
groups, as shown in the figure 25, provides an additional layer of systematic validation, ensuring 
that emergent themes are not isolated observations but interconnected realities, the Code-
Document table disserted in terms of individual interviewees is also presented on Appendix D. 
Finally, through this engagement between theory, and researcher interpretation, the study 
embraces an exploratory abductive stance, offering a more nuanced, reflexive, and empirically 
grounded understanding of how paradoxes in frugal innovation shape flood resilience efforts in the 
Global South. 

5.3.2 Analysis of Axial Codes 
Figure 23 : Code-document Analysis of Axial Codes 

 

From Author (2024) 
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The co-occurrence analysis provides valuable insights into how the key themes identified in the 
study intersect across different domains of flood resilience expertise. As illustrated in the co-
occurrence graph, the two most prevalent themes emerging from the interviews are: 

1. Governance Fragmentation and Integration (945 occurrences) 
2. Paradoxes in Frugal Innovation (740 occurrences) 

These findings reinforce the central paradoxes of flood resilience in the Global South, where 
institutional fragmentation and competing governance structures often create barriers to the 
integration of resilience, especially given the novelty and often misunderstanding of what pertains 
to frugal innovation and its scope. The high occurrence of Governance Fragmentation and 
Integration suggests that misalignment between agencies, policy inconsistencies and jurisdictional 
overlaps remains a dominant challenge within flood resilience efforts, given the geographic diversity 
of the interviewees, this offers an interesting insight on the fact that this phenomena is spread 
worldwide. Meanwhile, the significant presence of Paradoxes in Frugal Innovation highlights the 
tensions between low-cost, adaptive strategies and conventional resilience frameworks, further 
supporting the research question on how paradoxical issues influence complex and long-term 
problems like flood resilience outcomes. Notably, the Water and Policy Management interviewee 
group contained the highest number of coded occurrences, reflecting the depth and breadth with 
which these participants discussed governance challenges, policy implications, and institutional 
complexities, being them potentially the largest interface between policy and their forthcoming 
form the world of ideas to actual application. Their ability to articulate nuanced perspectives on 
policy trade-offs and inter-agency coordination further highlights the role of governance structures 
in shaping flood resilience strategies. Finally, the selection of these two more prevalent axial groups 
will inform the discussion in the two subsequent sections, where selective coding dissection will be 
applied to the most frequently occurring quotes within the two aforementioned dominant axial 
coding’s to further inform the extrapolation of key thematic insights, before dissecting the quotes. 
This step is made necessary given the breadth and openness of the interviewee answers and insights 
and to avoid redundancy and provide a clear path through the core arguments. 

Figure 24 : Abductive Hourglass : Selective Coding 

 

From Author (2024) 

5.3.3 Selective Coding: Governance Fragmentation  
The governance-related obstaclesuncovered in the interviews are consistent with those examined 

in the academic literature, underscoring their importance in shaping flood resilience governance 

across the Global South. By comparing empirical observations with theoretical perspectives, this 

study hopes to construct a comprehensive framework that encapsulates the key governance 
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fragmentation challenges impacting the implementation of resilience strategies. For this, analysis 

the open codes with the most affinity with the issue of governance fragmentation where selected, 

having a selection process that prioritized open codes exhibiting the strongest thematic alignment 

with governance fragmentation, as indicated by their conceptual linkages and co-occurrence 

densitys within the interviewees and their respective groupings.  

 

Figure 25 : Fragmentation of Governance Network 

 

From Author (2024) 

The code-document table displayed below provides insights into which basic codes showed more 
density within the array of interviews conducted during this study, pertaining to systemic 
governance fragmentation affecting flood resilience. The width and spread of governance 
fragmentation challenges, identified through an abductive coding approach, can be seen through 
the diversity of interconnected issues raised across research participants.  
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Figure 26 : Code-Document Analysis of Governance Fragmentation 

 

From Author (2024) 

Among the governance fragmentation factors identified, the most prevalent is: 

Governance Fragmentation (156 occurrences) 

This finding highlights how overlapping jurisdictions, unclear responsibilities, and institutional 
misalignment hinder effective flood resilience governance. Fragmented governance often leads to 
policy inconsistencies, delays in decision-making, and limited coordination across different levels of 
government, reinforcing the need for an integrated governance approach. 

Other significant governance fragmentation-related factors include: 

• Governance Adaptability (123 occurrences) – Highlighting the tension between rigid 
governance frameworks and the integrative need for adaptive approaches. 

• Governance Across the Levels (89 occurrences) – Demonstrating the disconnect between 
national, regional and local governance structures within flood risk management. 

These governance fragmentation challenges, when examined across different expertise domains 
(e.g., water policy, infrastructure, nature-based solutions), reveal systemic governance failures that 
hinder effective flood resilience planning.  

5.3.4 Selective Coding: Types of Paradox 
The paradoxes uncovered through the interview analysis are consistent with those identified in the 

existing literature, underscoring their significance in shaping flood resilience governance across the 

Global South accompanied by insights from experts from the Global North and how their issues 

pertain and relate to flood resilience. By comparing the empirical observations with theoretical 

perspectives, this study develops a comprehensive framework that encapsulates the key tensions 

affecting the implementation of frugal flood resilience strategies. 
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Figure 27 : Types of Paradoxes 

 

From Author (2024) 

The code-document table of paradox types displayed bellow found within the interviews provides 
crucial insights into the recurring paradoxes which shape flood resilience efforts. These paradoxes, 
categorized as open codes, emerged through an abductive approach in the coding process, also 
being characterized by a vast width and spread of answers. This further refined and complements 
the insights acquired in Section 3.1 of the literature review pertaining to the paradoxes identified 
within literature scrutiny. Ultimately several patterns were found regarding paradox types and 
relations, yet paradoxes not identified within the literature review were found and described during 
the interview process. 

Figure 28 : Code-Document Analysis of Types of Paradoxes 

 

From Author (2024) 

Among the paradoxes identified, the most prevalent is: 

Short Term vs. Long Term (80 occurrences) 
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The identification of the prevalent paradox between short-term and long-term resilience strategies 
aligns closely with the literature review, where the paradox of short-term vs. long-term resilience 
strategies was consistently highlighted as a major barrier to sustainable flood resilience. The 
deadlock of flood resilience, as discussed in prior sections, exemplifies this paradox, where 
governments and policymakers often prioritize immediate, cost-effective solutions a the expense of 
long-term adaptive strategies. The extrusion of such relationship shall be further scrutinized for 
comparable and competing insights between the proposed conceptual framework and literature 
review insights. 

Other significant paradoxes include: 

• Fragmentation vs. Centralization (43 occurrences) – Reflecting tensions between diverging 
institutional structures, where fragmented governance models compete with more 
centralized approaches within the realm of flood management. 

• Centralization vs. Autonomy (42 occurrences) – Highlighting governance challenges relating 
to top-down policy control clashes with local decision-making autonomy within flood 
resilience planning. 

These paradoxes, when examined across different expertise domains (e.g., water policy, 
infrastructure, nature-based solutions), reveal systemic tensions that impact the implementation of 
flood resilience strategies. By comparing these findings with the literature review, this study 
reinforces the theoretical relevance of paradox perspective too investigating complex and self-
reinforcing problems such as flood resilience, validating their role in shaping policy trade-offs 
towards governance streamlining. Further discussion and dissection on the specific insights and 
quotes from the interviewees, including how the paradox of short-term vs. long-term resilience 
presents itself within the domain of flood resilience planning for frugal innovation, will follow in the 
subsequent sections.  

5.4 Relational Extrapolation for Model Conception 

In this section, this study shall detail the systematic process undertaken to identify and structure 
the thematic codes that underpin the six highlighted selective codes on the previous two sections, 
pertaining to governance fragmentation and paradoxes presented within frugal flood resilience. 
Having also been informed by the fact that fragmentation of governance is a key factor in shaping 
resilience challenges, this process moved to inform a rigorous code co-occurrence analysis, ensuring 
that the most recurrent and interconnected factors were selected for relational exploration. The 
analysis followed a data-driven abductive approach, drawing from empirical patterns in the 
interview dataset while aligning with theoretical constructs (Conaty, 2021) in the areas of 
governance, policy inertia, and most notably frugal innovation. 



 

Page | 92 
 

Figure 29 : Abductive Hourglass - Relational Exploration 

 

From Author (2024) 

5.4.1 Selected Code Relations 

To ensure that the thematic framework reflected empirical significance, the selection of codes was 
guided by their Code Co-Occurrence density analysis within the interview dataset and performed 
within Atlas.ti software. The initial set of governance-related, policy-driven, and institutional factors 
was cross-referenced to determine their frequency of co-occurrence with other identified 
governance challenges. The selection criteria required that codes exhibit a minimum threshold of 
25 co-occurrences with other governance-related codes identified in previous steps. This threshold 
ensured that only the most interconnected and thematically significant codes were considered for 
integration into forthcoming conceptual model. Thereafter, these selected codes were compared 
to the six selective codes identified in the two preceding sections, forming the rows of the following 
Code Co-Occurrence table and further helping to assess the relational strength of the 6 selective 
codes and he whole body of codes found within the interviews. This comparison allowed for the 
identification of key thematic intersections between governance challenges and the refined insights 
shown on the interviews. As shown in Figure 31 (Co-Occurrence Table), the codes that met this key 
criterion include: 

• Crisis-Induced Learning 
• Governance Capacity 
• Institutional Gaps 
• Institutional Legitimacy 
• Policy Inertia 
• Policy Myopia 
• Social Factors 

Figure 30 : Selective Code Co-Occurrence 

 

From Author (2024) 
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The table above) visually represents these connections, illustrating how frequently these codes 
appear together in the interview dataset. Higher co-occurrence counts suggest deeper 
interconnections between Fragmentation Mechanisms and the paradox of Short-Term vs. Long-
Term resilience approaches. 

5.4.2 Informing the Conceptual Model 

To further validate the relational strength of the selected codes, a Sankey diagram was generated 
to illustrate the interconnections between the selective coding and the basic codes that met the 
predefined criteria. This visualization emphasizes the codes that exhibit the strongest relationships 
within the dataset, with wider flow bands indicating higher co-occurrence and thus relationship. 
Additionally, it highlights the systemic significance of Governance Fragmentation, Policy Inertia, and 
Institutional Legitimacy as central structural constraints that shape frugal innovation efforts in flood 
resilience. Furthermore, the diagram underscores the embeddedness of Social Factors and Crisis-
Induced Learning within governance considerations, demonstrating their proposed crucial role in 
shaping institutional responses to resilience planning. Building on these insights, the model was 
structured to capture the multi-level governance constraints that influence decision-making in flood 
resilience, illustrating the interdependencies between the areas, particularly highlight the spread of 
institutional legitimacy, governance adaptability, and policy inertia. It further highlights the tensions 
that arise between crisis-driven learning and fragmented governance responses, reflecting the 
challenges in developing cohesive and adaptive resilience strategies. The axial coding is also 
represented within the Diagram, aligning it with the coloring displayed on figure 32.    

Figure 31 : Selective Coding Relations 

 

From Author (2024) 
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By mapping these interactions, the Sankey diagram reinforces the decision to construct the 
conceptual model around these interrelated governance and policy mechanisms. This empirically 
grounded approach ensures that the model reflects the recurring narratives and governance 
dilemmas as expressed by multiple interview participants. The prominence of the selected codes in 
terms of co-occurrence density and further explored thematic interconnectivity prompted the 
development of an integrated governance model. Therefore, this model shall be designed to 
investigate how each of these factors influences frugal flood resilience. These relations and their 
respective individual dynamics will be further explored on the upcoming sections where data will 
be dissected and woven into a cohesive theoretical conceptualization. 

5.5 Model Conception 

This section delves further into the previously discussed extrapolated relations between the 
selected codes. It systematically explores each code, along with their respective relations and 
positioning in relation to one another, drawing on direct quotations from the interviews to illustrate 
how these governance dynamics surface in practice with respect to the topic at hand. 

Figure 32 : Abductive Hourglass - Model Conception 

 

From Author (2024) 

Building upon the empirical foundation established through Code Co-Occurrence Analysis, the 
constructed conceptual  model attempts to visually capture the interconnectedness of the 
governance, institutional and policy factors that underpinning the paradox of Short-Term vs. Long-
Term Planning in flood resilience. The model illustrates how multiple systemic constraints and 
reinforcing mechanisms can contribute to the governance challenges that shape resilience in 
decision-making. By elucidating these key governance tensions, the model aims to unpack the 
mechanisms through which short-term priorities endure and long-term adaptive strategies remain 
constrained. 
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Figure 33 : Short vs. Long Term Planning Relations Model 

 

From Author (2024) 

The following sections break down these relationships in greater detail, examining how institutional 

fragmentation, governance misalignment, and short-termism collectively constrain adaptive 

resilience strategies. By analyzing the systemic barriers posed by governance silos, policy inertia, and 

political disincentives, the discussion underscores the structural limitations that hinder the adoption 

of long-term flood resilience measures. These sections also highlight opportunities for improving 

governance structures while aligning technical, social, institutional and finally financial legitimacy to 

create pathways for integrating frugal innovation into flood resilience governance. This exploration 

ultimately aims to identify key leverage points within governance frameworks where systemic 

changes can facilitate a shift from reactive, short-term interventions to proactive, long-term 

adaptation strategies while engaging with the valuable input provided through the interviews. 

5.5.1 Institutional Fragmentation and the Governance Deficit in Flood 
Resilience 

A key aspect of this fragmentation is the discrepancy between institutional capacity at different 
governance levels, particularly between municipal and state institutions, compounded to the higher 
professional quality of academic institutions, local to the area where resilience is to be applied. As 
interviewee no. 10 noted: "You see that there is an enormous discrepancy between the institutional 
capacity at municipal and state level and the professional quality of the academic institutions, which 
is a problem because mostly the politicians at those governance levels, they listen or they should 
listen to their own organizations. So if you have, and I've seen this also in other countries, if you have 
strong bodies in the governance system, they are usually much more effective in bringing things to 
the attention of their governors, of their politicians, than the academic sector is." This observation 
highlights how institutional fragmentation undermines policy alignment and constrains the 
integration of expert knowledge into decision-making processes. Thus, in contexts where municipal 
and state agencies lack robust technical capacity, their ability to develop and implement resilience 
strategies is compromised, often resulting in an over-reliance on short-term, reactive measures 
rather than more evidence-based, long-term resilience planning, potentially also subjected to 
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political oscillations. Furthermore, the disconnect between research institutions, societal needs and 
further policy implementation exacerbates this cycle of reactive governance. Even when academic 
research generates innovation or highlights systemic vulnerabilities, the absence of strong 
institutional mechanisms to bridge research with policymaking more often than not prevents 
academic insights from influencing flood resilience strategies effectively. This potentially also 
underscores a window for frugal innovation to attempt a different angle of regime penetration due 
to its perceived grassroots or socially adaptable nature added to its idea of lesser costs and relative 
simplicity. 

This governance deficit further reflects a broader paradox: while fragmentation can provide 
stronger institutional frameworks for flood resilience, excessive measure of it undermines 
knowledge integration and decision-making efficiency. The competing forces of decentralization 
and institutional autonomy result in misaligned policies, where municipal priorities may contradict 
broader regional or even national strategies. As interviewee no. 10 also noted: "I see a large 
disconnect between the three levels of governance. And I also see historical reasons for how these 
things have developed. You already mentioned it yourself, the extinction of DNOS. What you can 
then see is that, obviously, the extinction may have had some kind of reason that I don't know. Let's 
say there were political or economic reasons for it, whatever it was. But what you see is that, let's 
say, the level of integrated responsibility that was eventually held by that department was not 
distributed or allocated to another body. Basically, meaning that infrastructure itself was left with 
those on whose territory it resides." This observation reinforces how the absence of institutional 
coordination can lead to fragmented governance, leaving flood resilience responsibilities 
ineffectively reallocated in turn contributing to critical infrastructure oversight often dispersed 
among localized authorities that may lack the capacity or mandate for long-term planning. While 
this quote specifically reflects governance challenges in flood resilience in Brazil, similar patterns of 
institutional fragmentation can be observed in other contexts where decentralized governance 
leads to inefficiencies in disaster preparedness and response, as seen in the breadth of the 
interviewees, where several different interviewees had similar opinions on the issue at hand. 
Consequently, the model suggests that overcoming governance fragmentation requires thus 
stronger institutional coordination while also having mechanisms to elevate “expert knowledge” 
within decision-making processes, thus ensuring that flood resilience planning is guided by both 
empirical evidence and practical governance realities, not just the latter. 

5.5.2 Policy Inertia, Governance Fragmentation, and the Constraints on 
Frugal Innovation 

The interplay between policy inertia and governance across the levels is also crucial in this 
discussion. The model makes a case for the fact that governance fragmentation amplifies 
misalignment across different governance levels, further impeding coordination while slowing 
institutional responses to flood-related risks. Moreover, policy inertia leads to a lack of institutional 
adaptation, making governance structures rigid and unresponsive, further deepening 
fragmentation. As a result, local-level governance bodies struggle to implement long-term 
strategies, often defaulting to short-term, ad-hoc responses to flood-related challenges instead of 
using integrative policies. This inertia is particularly problematic for frugal innovation, as governance 
structures that prioritize reactive measures over long-term planning might overlook integrating low-
cost, adaptable solutions that require institutional commitment and awareness, supported by 
academic institutions and that outlives short-term political cycles; this also displays a resistance to 
innovation. Interviewee no. 5 highlighted this phenomenon by emphasizing how flood resilience 
initiatives often face a recurring cycle of political mobilization immediately following a disaster, only 
for this momentum to dissipate within months after the disaster onslaught: "There is always a great 
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deal of political mobilization during and immediately after disasters, but it dissipates within months. 
In just a few months, it fades away and is no longer a priority, and there is no organization or 
institution to keep the necessary maintenance and prevention actions alive." This observation 
further underscores a structural weakness in institutional continuity, where the absence of power 
separation or permanent governance mechanisms results in flood resilience being treated as a 
temporary, reactive concern rather than an ongoing policy priority. For frugal innovation to succeed, 
resilience strategies must be embedded within long-term institutional structures rather than being 
contingent on fleeting political attention following disasters, even more so if under post-disaster 
public pressure. Without established institutions to sustain long-term planning efforts, governance 
bodies are left often vulnerable to electoral cycles, shifting political agendas, misinformation spread, 
reinforcing the broader inertia that prevents systemic adaptation. 

Furthermore, policy inertia is compounded by the lack of policy penetration within governance 
structures due to their fragmentation, allowing inertia to spread not only between agencies of 
similar authority and hierarchy, but across different governmental levels. A disconnect between 
municipal, state and federal responsibilities results in unclear leadership and accountability gaps, in 
turn leading to inconsistent resilience measures, leaving assets unmaintained and relinquished to 
own devices. This aforementioned misalignment particularly impacts the implementation of frugal 
solutions, as governance fragmentation hinders the ability of different institutional levels to 
coordinate and integrate innovative, cost-effective, involving approaches to flood resilience. As 
interviewee no. 7 explained: "But within government structure, there would be multiple levels of, for 
example, bureaucracy from federal, ward and finally city level that a solution has to pass through. 
Now, unification of decisions to translate various best engineering practices into resilience also has 
to go through all these hurdles that engineering would encounter at each of these particular levels. 
Another weakness that I see here is that sometimes we miss the holistic overall picture by doing 
things this way." This statement highlights the multi-layered complexity of governance structures, 
where technical solutions for flood resilience cannot be effectively implemented without navigating 
political and bureaucratic hurdles and obstacles at each level, even if an agency has motivation and 
technical backing to do so. While best practices in flood engineering exist, their translation into 
actionable policies is hampered by this misalignment across governance scales. 

This governance misalignment reinforces the inertia that prevents systemic adaptation, as flood 
resilience strategies must overcome multiple institutional bottlenecks before getting a chance of 
being enacted. In many cases, the absence of an integrated decision-making framework results in 
fragmented “one-off” solutions that address localized concerns without considering broader 
regional or systemic flood resilience objectives. This fragmented approach directly limits the uptake 
of such solutions, as their effectiveness often depends on a systems-level perspective rather than 
isolated, “one-off” interventions. Furthermore, this lack of a systematic governance approach limits 
the ability of governments to proactively mitigate flood risks, thus leaving communities vulnerable 
to recurrent disasters in turn perpetuating poverty and inequality cycles. Addressing these 
challenges requires institutional reform to improve governance coordination added to mechanisms 
that ensure policy continuity beyond immediate disaster responses. Without this, flood resilience 
strategies will continue to be dictated by short-term political cycles, and the potential of frugal 
innovation will remain largely untapped, despite its capacity to provide sustainable, community-
driven flood adaptation strategies thus helping to break such cycle. 
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5.5.3 Short-Termism in Governance and the Structural Barriers to Frugal 
Innovation 

The model depicts an iterative and self-reinforcing cycle, where governance inefficiencies, 
institutional weaknesses, and policy failures perpetuate one another, collectively sustaining a 
governance landscape dominated by short-term priorities, as highlighted throughout this study. The 
paradox of short-term vs. long-term Resilience is thus not an isolated challenge but rather a product 
of deeply embedded cycle of governance failures and limitations. Such governance landscape also 
significantly impacts the adoption of frugal innovation, as it thrives in environments where adaptive 
strategies are prioritized rather than neglected by authorities, leading them to only applied as “one-
off” initiatives. Interviewee no. 19 illustrated this issue by explaining how political cycles and 
governance structures favor short-term responses, thus neglecting long-term resilience strategies: 
"Now, the moment I have a solution in place that solves my immediate problem, any long-term 
thinking automatically stops, especially if its unorthodox. Why? Why would I do it? Why would I 
spend my time thinking about a long-term solution if all is momentarily handled?” This statement 
highlights how governance systems tend to prioritize immediatism over sustainable, long-term 
strategies, reinforcing institutional complacency. Ultimately, once a crisis has been temporarily 
averted, there is little incentive to invest time, political capital, or financial resources into structural 
changes that could prevent future disasters, especially in environments with strife competition for 
limited resources.  

Interviewee no. 18 further elaborated on how electoral cycles create structural disincentives for 
long-term resilience planning, reinforcing the NIMTOF (i.e., Not In My Term of Office) mentality, 
where elected officials avoid projects that extend beyond their tenure, focusing instead on personal 
political capital: "I think in general terms, not limited to any specific country, you see that the 
electoral cycle is very adverse in this respect as well. Elected officials, they have like four years or 
sometimes five to show their worth and make sure they are re-elected. Well, would you like to focus 
on a very technical issue like flood protection, something that might never happen in the time that 
you are in office?" This statement underscores a critical governance shortcoming, where flood 
resilience initiatives, especially those necessitating multi-decade commitments, struggle to gain 
momentum as they do not align with the short-term incentives inherent in political office. This 
political disincentive structure is particularly detrimental to frugal innovation, as its success depends 
on incremental and societal adaptation which does not necessarily have this “monument building” 
attribute favored by political-one-upmanship. Thus policymakers, bound by re-election concerns 
and immediate political gains, prioritize visible, short-term projects over infrastructure investments 
that may not yield results within their term. The result is a persistent cycle where long-term 
resilience is systematically deprioritized, reinforcing reactive disaster management rather than 
proactive flood mitigation strategies. Moreover, this short-termist approach is not merely a political 
preference but an institutionalized governance failure, where the mechanisms that should drive 
long-term planning are systematically politicized. Political debate and alteration is naturally a 
characteristic of democratic governance, whose efficiency this study wishes not to evaluate; yet this 
study does suggest that some issues are too strategic and consequential to fall under relinquishment 
of oscillations and partisan policies. In this context, frugal innovation faces structural barriers to 
adoption, as governance mechanisms fail to support innovative solutions, even if grassroots 
developed. The absence of institutional continuity, lack of financial incentives for proactive 
resilience building and ultimately the fragmentation across governance levels all compound to the 
reinforcement of this paradox. Therefore, without systemic change, flood resilience efforts will 
continue to be dictated by political cycles, rather than by the scientific and infrastructural needs 
required for long-term adaptation. 
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5.5.4 Institutional Legitimacy and the Viability of Frugal Innovation in Flood 
Resilience 

A crucial structural dimension of the model is the role of institutional legitimacy, which directly 
shapes how crisis-induced learning processes take place. Institutions that lack legitimacy struggle to 
effectively integrate lessons learnt from past disasters as well initiatives and efforts which might 
have been taken or attempted, thereby weakening long-term planning capabilities. Similarly, social 
factors influence governance capacity, and in turn, governance capacity shapes adaptability, 
reinforcing either flexibility or rigidity in enactment of policy responses. These relational dynamics 
underscore how institutional inadequacies, fragmented decision-making processes, and reactive 
policy orientations collectively perpetuate the predominance of short-term approaches over 
comprehensive, long-term adaptation strategies. As interviewee no. 19 noted: "And then, when you 
move past this technical part, I think you start entering more into the social aspect, interacting with 
people, raising awareness. So this is the minimum, you know, the very least that needs to be done, 
even just to get the community to start engaging, to start understanding the risks they are exposed 
to." This perspective highlights how solutions to flood resilience must go beyond purely technical 
considerations while also taking into account the social dimension. Without adequate engagement, 
risk awareness and societal participation, even the most technically sound solutions may face 
resistance or fail to achieve their long-term effectiveness and sustainability. The integration of social 
factors into governance adaptability is therefore essential to ensuring that resilience measures are 
both effective and accepted by local populations. In this context, frugal solutions present an 
opportunity to enhance flood resilience by leveraging on low-cost, adaptable, and potentially also 
ecologically aware approaches that extend beyond purely technical solutions. As interviewee no. 12 
explained: "But we also need to inform the local people and the governments that frugal solutions 
not only deal with the flooding issues, but also they bring co-benefits, like the ecological benefits, 
the social benefits, which is also important for the society, as we have limited spaces, both above 
and underground. 
So frugal solutions can offer a synergistic solution to not only deal with the flooding, but also bring 
other benefits. And in that sense, people can understand that even though the failure of those 
nature-based solutions happens during the big events, we still have the motivations to promote them 
in the future, just because they have more co-benefits that we normally, those grey infrastructures 
cannot offer to our city." This statement underscores the multi-dimensional value of frugal 
innovations for flood resilience, emphasizing that their viability extends beyond cost-efficiency to 
include broader ecological, social and spatial benefits. Unlike traditional "grey" infrastructure 
solutions, which often require significant capital initial investment and dynamic financial planning, 
frugal approaches prioritize adaptability and grassroots accessibility, making them more viable 
within governance structures characterized by institutional constraints and financial limitations. 

Building on this, interviewee no. 1 elaborated on the multi-dimensional nature of legitimacy in 
governance, emphasizing the dimensional interdependencies of technical, social, institutional, and 
financial legitimacy: "Imagine that in a context like Brazil, we have a certain legitimacy—actually, 
not just Brazil, but the whole planet—a technical legitimacy, a plan. So this idea falls within the scope 
of technical and scientific legitimacy, a legal framework. Then comes social legitimacy. Imagine 
Porto Alegre. I ask you: people have homes there, some good, some bad. Should they leave? That 
area should be for vegetation and subject to flooding. Should they leave? What I am saying is that 
there is a kind of social legitimacy, let’s call it that. After that, there is what I would call institutional 
legitimacy. The city government has engineers, trained professionals who understand this language, 
the organizational structure, the human resources of the municipality—or the agency, which does 
not exist, but should exist. So here, I am talking about institutional legitimacy. Finally, I mention 
financial legitimacy. There must be resources. If I have to relocate people, I will have to expropriate 
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land, I will have to pay for it, I will have to buy the land, and so on. Where does the solution lie? In 
the overlap of these different dimensions. So I need to have technical legitimacy, social legitimacy, 
institutional legitimacy, and financial legitimacy." This perspective highlights how the legitimacy of 
an institutional response depends on multiple, interrelated and often also contradicting dimensions; 
technical, social, institutional, and financial, each of which must align for governance measures to 
be both accepted and effectively implemented in a space hereby mentioned as legitimacy 
convergence. Moreover, this is also particularly relevant for frugal innovation, as its success relies 
on overcoming aforementioned institutional and financial barriers while simultaneously addressing 
social and technical legitimacy concerns. Ultimately, the adoption of frugal innovation in flood 
resilience depends on the ability of governance structures to integrate these legitimacy dimensions 
into proper decision-making, ensuring that these solutions gain institutional traction rather than 
being dismissed and sidelined due to systemic hurdles and constraints. 

5.5.5 Overcoming Governance Barriers to Long-Term Resilience 

The preceding discussion highlights how institutional fragmentation, policy inertia, and short-
termism collectively reinforce the paradox of Short-Term vs. Long-Term Planning in Resilience in 
flood governance. These governance failures systematically constrain the adoption of frugal 
innovations, as they prioritize reactive, high-cost infrastructure solutions over low-cost, adaptable, 
and community-driven approaches in an effort to engage with political capital associated with them. 
Institutional fragmentation then leads to misaligned policies while policy inertia prevents adaptive 
governance mechanisms while simultaneously short-termist decision-making perpetuates a cycle of 
temporary interventions rather than sustainable, long-term strategies. However, while these 
structural constraints present formidable barriers, institutional legitimacy emerges as a critical 
enabler of potential systemic change. The findings indicate that legitimacy is a multi-dimensional 
construct, where each of the dimensions plays a pivotal role in determining whether frugal solutions 
can be integrated into mainstream governance frameworks. Thus, without broad legitimacy across 
these dimensions, flood resilience policies remain vulnerable to fragmentation, inconsistent 
adoption and political volatility. Consequently, the next chapter builds upon these insights by 
defining the four legitimacy dimensions, analyzing their interactions, and assessing how their 
convergence influences the adoption of sustainable flood resilience . This discussion is key to 
understanding why the paradox of Short-Term vs. Long-Term Resilience is persistent, and more 
importantly, what governance shifts are required to break the inertia that inhibits transformative 
adaptation in flood resilience governance. 

5.6 The Role of Legitimacy in Frugal Flood Resilience 
The viability of long-term flood resilience strategies, particularly those involving frugal innovation, is 

in accordance with this study fundamentally shaped by legitimacy. Without legitimacy across 

multiple dimensions, solutions shall struggle to gain traction within the governance systems they 

must interact with. The paradox between short-term and long-term resilience is not just a function 

of political cycles or institutional inertia, but is deeply embedded in the way legitimacy is constructed 

and maintained across different governance interdependencies and interfaces. 
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Figure 34 : 4 Legitimacies Prototyping 

 

From Author (2024) 

Legitimacy functions as a key conduit through which policies, practices and innovations transition 

from mere conceptualization to potential implementation. When governance structures fail to 

recognize or integrate certain solutions, these approaches often end remaining marginalized, 

regardless of their potential and technical soundness. The findings presented earlier indicate that 

legitimacy in flood resilience is not singular but rather a multi-faceted construct that must be 

sustained on the long term scale. Based on this conceptual framework, this study defines legitimacy 

by encompassing four critical aspects: 

1. Technical Legitimacy – The perceived reliability, scientific basis, and engineering soundness 

of a solution. 

2. Institutional Legitimacy – The extent to which governance structures formally recognize 

and support an approach. 

3. Social Legitimacy – The level of acceptance and engagement from affected communities 

and stakeholders. 

4. Financial Legitimacy – The ability to secure resources and funding for sustained 

implementation. 

Each of these dimensions interacts with the governance constraints outlined in the previous 

sections, outlined by the selective codes, thus reinforcing the systemic barriers that hinder the 

adoption of long-term resilience strategies. Frugal innovation, in particular, often faces challenges in 

securing legitimacy across all four dimensions, as it competes with established paradigms that 

prioritize large-scale, high-cost infrastructure, nevertheless seeing potential benefits with its socially 

involving dimensions. 
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5.6.1 Technical Legitimacy: The Scientific and Engineering Foundations of 
Resilience 

Technical legitimacy refers to the scientific validity, engineering robustness, and practical feasibility 

possessed by a solution or initiative. It determines whether a given intervention is recognized as 

technically sound by experts, engineers and policymakers responsible for implementation, along 

with readiness and availability. In the context of frugal innovation, achieving technical legitimacy can 

be particularly challenging, as these solutions tend to prioritize adaptability and cost-efficiency over 

the standardized, high-investment models that typically define traditional flood management 

paradigms. A key concern within technical legitimacy is that governance structures often favour 

highly engineered solutions, even if such might not necessarily be more robust or more 

comprehensive, over alternative, nature-based interventions. This is reflected in the tendency of 

decision-makers to prioritize grey infrastructure, such as levees, dams, and drainage systems, due to 

their perceived reliability and measurable proofness. This study has found that a mix of several 

complimenting methods does indeed lead a solution to have more soundness and technical 

legitimacy in the long run. As interviewee no. 12 noted, even in large-scale government-led 

initiatives such as the Sponge City initiative seen in China, concerns persist regarding the ability of 

more non-traditional approaches to handle severe climate: "I think China also faced with such 

confusion or misunderstandings and misinformation along the way since Sponge City was initiated 

in 2014, so 11 years ago. So we also have such critics or doubts from the local level and from the 

academia that the frugal and more adaptable and potentially also nature-based solutions cannot 

deal with the big events, like the extreme events." This skepticism reveals a key barrier to frugal 

innovations: technical legitimacy does not just pertain to scientific soundness but also about 

perceptions of reliability and accountability. Decision-makers may resist frugal innovations if they 

are seen as unproven or lacking engineering rigor, despite their demonstrated success in various 

contexts, particularly with resource constrains. 

Therefore, technical legitimacy is often linked to risk perception. The fear of failure, particularly in 

the face of extreme weather events, can lead to institutional inertia, where established solutions are 

chosen not necessarily because they are the best option for the local context, but because they are 

perceived as "safe" through a lens that value importing solutions from the Global North. Interviewee 

no. 11 further emphasized this point: "There is always some level of resistance even if it's mental 

resistance. When some countries are thought of as the “robustness” world's leaders, I tend to buy 

more into whatever comes from them - something that is grassroots doesn’t tend to have that 

appeal." This statement highlights a key challenge in introducing innovative flood resilience 

strategies, decision-makers and institutions often exhibit a preference for solutions endorsed by 

established engineering paradigms from the Global North, while novel or locally developed 

alternatives face heightened scrutiny and skepticism. As a result, frugal innovations may struggle to 

gain traction, not necessarily due to technical inferiority, but because of ingrained biases that favour 

conventional infrastructure approaches, in a cycle potentially inspired by legacies of colonialism. 

Thus, beyond engineering feasibility, contextual adaptation plays a crucial role in determining 

technical legitimacy. Technical solutions must be designed with the local environment, governance 

capacity, and infrastructural constraints in mind to ensure their feasibility. Given this interviewee no. 

7 highlighted this issue: "We do not blindly apply a model developed for an unmanaged system to a 

managed system. We try to account for all these interventions using the best models picked globally 

and contextualize them to India. Of course, it results in much better accuracies or reliability of the 

models that develop henceforth." This insight underscores that technical legitimacy goes beyond 

universal engineering principles; it also necessitates the contextualization of solutions to align with 
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local, often diverging, conditions and realities. Models and interventions that have worked in one 

setting cannot be assumed to be directly transferable to another without appropriate adjustments 

to governance structures, environmental conditions, and societal needs. Frugal solutions, in 

particular, require a different validation framework; one that considers adaptability, scalability and 

integration with existing systems, rather than strict adherence to conventional engineering 

standards alone in order to achieve their full potential. 

Table 5 : Key Determinants of Technical Legitimacy 

Factor Explanation Interview Source 

Engineering 
Reliability 

Solutions must demonstrate 
robustness and performance 
under extreme conditions to 
become credible among 
engineers and policymakers. 
 

Interviewee 7: “I think that particular balance is 
what many of us aspire to achieve even in our 
research or the central message that we try to 
build around the resilience that let us not blindly 
do cut copy paste of a model developed 
somewhere else, apply it here and then get 
surprised it is not working. Yes it was not supposed 
to work in first place because it has not been 
contextualized well enough.” 

Risk Perception Decision-makers tend to favor 
conventional solutions 
perceived as 'safe,' making it 
harder for novel approaches to 
be accepted and integrated. 
 

Interviewee 11: “even if we use frugal solutions, 
one thing that people sometimes say about Things 
like that and you know, they need some better 
understanding, can you evaluate the longer terms? 
We talked about short term long term and we 
make a case sometimes for frugal solutions based 
on longer term. Yes, But then people will still say 
can you evaluate? 

Contextual 
Adaptation 

Technical models must be 
adapted to local 
environmental, infrastructural, 
finally and governmental 
conditions to ensure feasibility. 
 

Interviewee 16: “The challenge is often in adapting 
the solution developed at one place to another. 
Sometimes we get overly technology-focused and 
fail to understand that technology, while useful, 
must be adapted to the local context. What 
worked in the Netherlands may for instance not 
work the same way in Jakarta” 

Validation 
Framework 

Frugal solutions require 
alternative validation methods 
that emphasize adaptability, 
scalability, and integration 
within existing resilience 
frameworks. 

Interviewee 8: “So I would not blame people who 
are going towards frugal solutions to safeguard 
their community, but I think the onus is on us as 
researchers, as developers of these frameworks, to 
heavily contextualize various resilience 
frameworks that would fit our needs.” 

 

Ultimately, for frugal innovations to gain technical legitimacy, they must demonstrate reliability 

through empirical evidence, pilot projects and comparative analysis which allow for their holistic 

benefits to society to also be captured. The integration of academic research, performance data and 

real-world applications can help counteract institutional skepticism. However, this alone is often not 

enough; technical legitimacy must also align itself with institutional and financial legitimacy to 

ensure these solutions move beyond experimental phases and into mainstream flood resilience 

planning, while naturally respecting social legitimacy.  
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5.6.2 Institutional Legitimacy: Governance Structures and Decision-Making 
Authority 

Institutional legitimacy refers to the extent to which a flood resilience solution is recognized, 

endorsed and further integrated into formal governance structures along with decision-making 

frameworks. It determines whether an intervention aligns with existing policies, regulatory 

mandates and institutional priorities, thus directly shaping its ability to be adopted, scaled and 

sustained. In the context of frugal innovation, institutional legitimacy presents a substantial 

challenge, as governance structures tend to favor centralized and technocratic, over more 

decentralized and community-driven approaches. 

A key factor influencing institutional legitimacy is the fragmentation of governance across multiple 

levels and between interfacing agencies. Flood resilience decision-making often involves a complex 

web of municipal, state, and national agencies, each operating within distinct political and 

regulatory constraints and following a fragmented bureaucratic modus operandi. In the case of 

Porto Alegre, Brazil, this fragmentation has been particularly evident during the May 2024 Floods, 

exacerbating challenges in flood resilience implementation as interviewee no. 2 noted: "I see a large 

disconnect between the three levels of governance. And I also see historical reasons for how these 

things have developed, exemplified by the extinction of DNOS. What you can then see is that, 

obviously, the extinction may have had some kind of reason that I don't know. Let's say there were 

political or economic reasons for it, whatever it was. But what you see is that, let’s say, the level of 

integrated responsibility that was eventually held by that department was not distributed or 

allocated to another body. Basically, meaning that infrastructure itself was left with those on whose 

territory it resides." This institutional disconnect generates gaps in accountability and coordination, 

resulting in inefficient implementation of flood resilience measures. Frugal innovations, which often 

rely on flexible and interdisciplinary governance approaches, struggle to gain traction within such 

rigid structures. 

Another crucial dimension of institutional legitimacy involves the dominance of formal expertise 

and bureaucratic resistance to change. Traditional governance systems tend to prioritize formal 

expertise and technical credentials, often dismissing locally developed, grassroots solutions that do 

not fit within established institutional frameworks. Echoing this viewpoint, interviewee no. 6 

observed that: " You see that there is an enormous discrepancy between the institutional capacity 

at municipal and state levels and the professional quality of academic institutions, which is a problem 

because mostly the politicians at those governance levels, they listen only to their own organizations. 

And you dont always have a strong technical and community involving body in the governance 

system, such are usually much more effective in bringing things to the attention of their governors, 

of their politicians." This statement highlights a deeper structural issue: decision-makers tend to rely 

primarily on internal institutional bodies for guidance, but these bodies often lack either the 

technical capacity or the mechanisms for meaningful community participation needed to support 

innovative and most importantly, context-sensitive solutions. Consequently, even when frugal 

innovations demonstrate technical validity and local relevance, they may struggle to gain 

institutional legitimacy if they are not championed by governance structures equipped to recognize 

and integrate such approaches. 

Table 6 : Key Determinants of Institutional Legitimacy 

Relevant Factor Explanation Interview Source 
Governance 
Coordination 

Decision-making authority is 
effectively structured across 

Interviewee 12: "China also underwent 
governance reform and is still reforming. It is not 
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multiple governance levels, 
ensuring accountability and 
implementation of frugal 
solutions through clear roles 
and collaboration. 

uniform across every city, but in places like Beijing, 
Shanghai, or Shenzhen, they have already 
established a Water Affairs Bureau, which 
consolidates all water-related affairs into a single 
entity. This integration allows for a more 
consistent and coherent water management 
plan." 

Adaptive  

Institutions demonstrate 
flexibility by fomenting 
innovation and adapting to 
new developments and 
oscillations while maintaining 
necessary regulatory oversight, 
thus fostering a balance 
between stability and 
adaptability. 

Interviewee 9: "We could have this tool in Brazil 
that other countries don’t have, for example, a set 
of principles such as decentralized and 
participatory management, with structures like 
basin committees, basin agencies, and financing 
mechanisms through water usage charges, which, 
despite having several issues, could be leveraged, 
so to speak, to act in this area." 

Technocratic 
Balance 

Governance structures 
integrate technical expertise 
with community-driven 
knowledge, ensuring that 
technical validation is 
complemented by practical, 
on-the-ground knowledge for 
more inclusive decision-
making. 

Interviewee 17: "We have a clash between highly 
technological solutions and approaches that are 
more grounded in local realities. If we only rely on 
science and engineering without considering local 
conditions, we create a disconnect between the 
solutions and their real applicability. The challenge 
is to integrate technical knowledge with the 
practical experience of the affected communities." 

Institutional 
alignment 

Regulatory frameworks and 
policies are designed to 
facilitate the sharing of 
context-specific knowledge 
across different levels of 
institutions, ensuring that the 
unique benefits of frugal 
innovation are leveraged to 
enhance flood resilience. 

Interviewee 3: "For example, the Paraíba do Sul 
River basin has already established its basin 
agency and basin committee, which take a holistic 
view of the entire basin. All relevant stakeholders 
are represented there. One issue that could be 
addressed is the underrepresentation of civil 
defense agencies within these committees." 

 

Institutional legitimacy is closely tied to technical legitimacy, as governance bodies often require 

scientific validation and expert approval before adopting new approaches. However, as discussed in 

the previous section, institutional frameworks tend to prioritize large-scale, capital-intensive 

solutions over adaptive, grassroots alternatives. This creates a paradox where decision-makers 

demand grey- based frameworks which don’t end up being developed, while institutional constraints 

prevent innovative frugal solutions from being integrated into policy strategies. The subsequent 

section will examine the dimension of Financial Legitimacy, investigating how funding mechanisms, 

budgetary priorities, and economic incentives can shape the viability of flood resilience solutions. 

Additionally, it will explore how frugal innovation must navigate financial barriers to achieve 

widespread adoption. 

5.6.3 Financial Legitimacy: Economic Feasibility and Investment Priorities 

Financial legitimacy refers to the degree to which a flood resilience solution aligns with funding 
structures, budget allocations and investment priorities. In the context of frugal innovation, financial 
legitimacy tends to be more favorable, as traditional flood resilience measures often require large-
scale, capital-intensive infrastructure projects, which are nevertheless favored by governments and 
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international financial institutions. Contrastingly so, frugal solutions tend to emphasize low-cost, 
locally sourced alternatives, which may not fit within conventional financing models, but have a 
tendency of being much cheaper in comparison and thus potentially easier to penetrate the socio-
technical system. A core challenge to financial legitimacy is the mismatch between budget cycles 
and long-term resilience needs. Flood resilience planning is frequently constrained by short-term 
budget cycles, thereby limiting the capacity of governments to invest in cost-effective solutions that 
generate long-term benefits. Interviewee no. 5 highlighted this issue: "There is always a big political 
mobilization during and immediately after a disaster, but this dissipates within months. In a few 
months, the issue is no longer discussed, and there is no institution that keeps the necessary 
maintenance and prevention actions alive." This observation underscores how flood resilience 
funding is reactive rather than proactive, favouring high-cost emergency interventions over 
sustained, and preventative and often incremental strategies. Because frugal innovations are 
typically preventive in nature and rely on consistent investments rather than large lump-sum 
infrastructure funding (i.e., also favored by political-one-upmanship), they struggle to achieve 
financial legitimacy within existing budgetary frameworks since they often require the coordination 
and mobilization of multiple stakeholders across sectors and governance levels. 

A critical factor determining financial legitimacy is the reliance on external funding sources, such as 
international aid, development banks, and public-private partnerships. A majority of large-scale 
flood resilience initiatives are financed through loans, grants, or private-sector collaborations, which 
tend focus on traditional, high-visibility infrastructure projects over decentralized, low-cost 
alternatives. As Interviewee 9 observed: "The whole idea of state reform in Brazil, before ACPI, was 
that the government played a very direct role in infrastructure construction and even in the operation 
of some economic sectors, such as mining, oil and gas, and electricity. However, there was an 
exhaustion of investment capacity. The perception, in summary, was to shift the role of the state 
towards a more regulatory function, seeking to attract private capital to carry out infrastructure 
investments, which never actually happened.” This shift from direct government intervention to a 
more regulatory role meant that infrastructure financing became increasingly dependent on private 
investment and external funding, in the case of Brazil, this shift in policy did not end up providing 
successful outcomes due to market’s unwillingness to invest in a sector (i.e., infrastructure) deemed 
to be secondary in priority, at least in a near time horizon, thus highlighting once more the paradox 
between long vs. short term planning. This dynamic limits the widespread adoption of resource-
efficient flood resilience strategies, reinforcing the structural challenges of financial legitimacy. 

Nevertheless, some countries have attempted to involve market-based strategies for flood 
resilience, which rely mainly on private sector involvement, insurance mechanisms and financial 
instruments such as resilience bonds, shifting financial risk and some degree of responsibility from 
governments to private markets. These approaches aim to leverage private capital for resilience 
investments, reducing the direct fiscal burden on public institutions. However, this transition also 
raises concerns about who ultimately bears the cost of risk mitigation and how financial resources 
should be distributed. As interviewee no. 6 noted: " So why not let the market take the risk in 
resilience as well? I mean, who takes the risk in terms of insurance, right? It is the market ultimately. 
It’s the insurance companies, and then the insurance companies who insure the insurers, and then 
they go to the market, this could provide for wondrous results if well policed." This perspective 
underscores an interesting perspective regarding the market’s role in absorbing climate-related 
risks, within a larger debate over governmental interventionism, or the lack thereof. While such 
mechanisms can incentivize investment in preventive infrastructure and disaster mitigation, they 
may also reinforce existing inequalities by prioritizing high-value assets and well-insured regions 
over vulnerable, under-resourced and vulnerable communities. Resilience bonds and insurance-
based solutions require careful regulatory oversight to ensure that financial incentives align with 
long-term goals rather than short-term profit motives. This kind of policy may not easily transferable 
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to the developing country contexts where many frugal innovations potentially can be adopted, as 
the financial markets are not as independent or even developed leading to predatory practices 
allowing for resources to be deviated from original purposes, besides potentially negating any 
grassroots developments that might spring from such vulnerable tracts of society. Thus, without 
policy interventions that promote equitable financial access, market-driven strategies risk 
deepening existing disparities in flood resilience funding. 

This dynamic is reinforced by a general institutional risk aversion, where decision-makers prefer 
funding established solutions over experimenting with new approaches. Even if frugal innovations 
have lower costs and higher long-term benefits, the reluctance to invest in innovation that 
potentially carries a prejudice due to perceived “lack of sophistication” might further limit their 
financial legitimacy. Financial legitimacy is ultimately closely tied to institutional legitimacy, as 
governance structures determine which projects receive funding and how budget allocations are 
made. While frugal innovation offers a scalable, cost-effective approach to flood resilience, its 
financial viability relies on policy reforms that enable flexible, long-term funding mechanisms rather 
than short-term, reactive expenditures. 

Table 7 : Key Determinants of Financial Legitimacy 

Factor Explanation Interview Source 

Long-Term  
Long-term financial planning 
integrates flood resilience into 
ongoing investments, ensuring 
consistent funding over a large 
timespan. 

Interviewee 5: "So financing is not only for 
construction but also for maintaining the 
infrastructure and non-structural actions, such 
as zoning risk areas, mapping, and monitoring. 
The source of financial resources to sustain all of 
this is also not outlined in policies." 

Diverse  A mix of international aid, 
development bank financing 
along with local investments 
ensures flexibility in funding 
models, allowing for 
infrastructure and projects to 
thrive. 

Interviewee 11: " Some people have been saying 
there is a need for more private-public 
government partnerships, or other alternatives 
to handle this overall thing. But in the U.S., at 
least, it's easier when we say that, okay, there is 
an impact on the market, and the market will 
take care of some of these risks” 

Incentives Incentives should be structured 
to support not only high-
visibility preventive 
participation and diversity in 
funding over a consistent 
amount of time. 

Interviewee 15: "Although I think advances in 
science and technology together with financial 
incentives could change this, especially if, in 
some cases, the private sector and the markets 
gradually begin to take over." 

Risk-Aware 
Funding mechanisms should 
integrate structured risk 
assessment, enabling decision-
makers to support both 
conventional and innovative 
solutions instead on relying on 
perceived costs. 

Interviewee 2: “You must have disaster 
declarations, emergency, public calamity, and 
emergency mechanisms that allow for quick 
financial transfers from the federal government 
directly to municipalities when they need to 
respond to disasters. To carry out works, assist 
the population, and even provide health 
assistance.” 
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5.6.4 Social Legitimacy: Community Acceptance and Participatory 
Governance 

Social legitimacy refers to the extent to which a flood resilience solution is accepted, understood 

and embraced by local communities, stakeholders and finally broad society. Unlike financial or 

technical legitimacy, which are often determined by institutions and policymakers, social legitimacy 

is shaped by public perception, cultural attitudes and direct interfacing with the community. In the 

context of frugal innovation, social legitimacy is a critical element, as many frugal solutions rely on 

decentralized, community-driven strategies rather than top-down, frameworks. In such contexts, 

even the most technically sound and financially feasible solutions can fail if they lack local 

acceptance and engagement, independent of them being characterized as frugal or not. 

Furthermore, one of the key challenge for frugal innovations to achieve social legitimacy is the lack 

of public awareness and risk perception of solutions that might not necessarily include traditional 

methods in their scope. Interviewee no. 13 emphasized the role of social engagement in 

strengthening adaptation efforts: "So it's only true that our education and awareness campaigns 

need to be restructured in a way that weaves all the factors which makes people, or a community, 

want to stay in the flood prone areas and then have them understand the risks, even if measures are 

in place." This statement underscores how technical solutions alone are insufficient; without proper 

community engagement and education, even well-designed flood resilience strategies may face 

resistance or lack local buy-in. Frugal solutions, which often depend on local participation and 

grassroots implementation, thus require strong community awareness to be successfully adopted. 

Another barrier to social legitimacy is the resistance to change and cultural preferences for more 
conventionally established infrastructure solutions. Large-cale, government-led projects often 
symbolize progress and modernity, making them more socially acceptable than nature-based and 
low-cost frugal solutions. This challenge was highlighted by interviewee no. 18 who noted this 
phenomenon within Korea: " In Korea, many people think that frugal, more nature based solutions 
will not solve the problem. They think it's just a big kind of “ideal-world case solution”, something 
that is more of a symbolic political effort rather than a functional and established one." This reflects 
a growing but also debatable shift in societal attitudes, where people recognize the benefits of frugal 
solutions but may still have more trust in conventional flood defenses due to their perceived 
reliability and effectiveness. Overcoming this preference potentially requires sustained education, 
demonstration projects and participatory planning processes that actively involve local 
communities. Also given the long-term benefits of including a mix of traditional and more innovation 
might bring. 

Social legitimacy is also closely connected to trust in governance and institutional decision-making 

processes. If local communities lack confidence in policymakers, engineers, or planners, they will be 

less inclined to support or engage with resilience initiatives. Interviewee no. 10 emphasized this 

challenge, noting how it can weaken institutional credibility: "Now, maybe reflecting a little bit on 

Rio Grande do Sul, well, you, of course, have a difficult situation there also because at municipal and 

state and federal level, you have three different political parties or groups that take responsibility. It 

was my impression that, let's say, the different bodies tried to work together, but there were also, 

let's say, apart from institutional fragmentation, there were also these political frictions, let's call it 

like that, that you could see, ultimately hampering the idea of a united front to solve the problem." 

This underscores how resilience revolves around more then simply technical knowledge, but also 

referring to how governance structures interact with local realities. When institutional 

fragmentation and political tensions shape decision-making, communities may resist relocation 

efforts, reject adaptation measures or distrust government-led resilience programs. To enhance 
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social legitimacy, frugal flood resilience strategies must be co-designed with local communities, 

ensuring that solutions are: 

Table 8 : Key Determinants of Social Legitimacy 

Relevant Factor Explanation Interview Source 
Culturally 
Acceptable 

Solutions should align with local 
customs, traditions and daily 
realities to ensure acceptance 
and integration. 

Interviewee 15: "The thing is, yes, I would say 
local knowledge, local practices, as how we 
name it, it's local, so it suits local level where it 
grows. So I would not say that, let's say for 
example, practices that are good for a particular 
local area of a particular island in Indonesia will 
directly be applicable to a local area, let's say in 
South America, for example. Natural 
circumstances, social environments, and they are 
different." 

Inclusive Decision-making processes 
should actively involve local 
leadership, ensuring that diverse 
voices are considered within 
resilience planning and avoiding 
further conflicts. 

Interviewee 7: "So how you are empowering 
local communities, although we talk about 
politics and power dynamics, sometimes the 
inherent power dynamics at much smaller scale 
also makes community resilient because a lot of 
issues would be handled at village scale or at 
ward scale or at city scale just because there is a 
decentralization of power." 

Participatory Local communities should be 
actively involved in the co-
creation of resilience solutions, 
or at minimum, informed about 
the measures being 
implemented. This fosters a 
sense of ownership and 
commitment among residents, 
which enhances the likelihood of 
long-term success. 

Interviewee 9: "So, yeah, I would advocate for 
making every effort possible to bring together, 
let's say, international knowledge or call it 
innovative knowledge, can also be from a 
university, even in the same area, and local 
knowledge, which I would see distinctly more at 
the community level, at the knowledge of local 
systems. Bringing that together and making sure 
that becomes productive for the development of 
strategies is very important." 

Demonstrative Successful small-scale 
implementations can build 
confidence in frugal solutions, 
demonstrating their 
effectiveness and further 
increasing public support. 

Interviewee 5: "So we defined a new 
methodology because the first one was very 
qualitative, based on experience, and did not 
have much data from state civil defense 
agencies. So we interacted with these agencies 
to understand their experiences, which cities 
they knew were frequently flooded and 
impacted the most. At that time, it was more of 
a qualitative analysis. Today, we have a historical 
database." 

 

This This participatory approach ensures that flood resilience measures are not unilaterally imposed, 

but rather integrated into the social fabric of communities, enhancing the likelihood of long-term 

success. Moreover, social legitimacy cannot be separated from institutional legitimacy; if people 

trust institutions and feel that their voices are heard, they are more likely to embrace and adopt 

resilience measures in their interfaces with society. By integrating participatory governance with 

frugal innovation, policymakers can hope to build public confidence thus ensuring that flood 

adaptation strategies are both acceptable and effective. With the four dimensions of legitimacy now 
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established, (i.e., technical, institutional, financial and social) the next section will examine how 

these elements converge to determine the overall viability of frugal innovation in flood resilience. 

5.6.5 Legitimacy Convergence 
Figure 35 : 4 Legitimacies 

 

From Author (2024) 

The long-term viability of frugal approaches to flood resilience relies not only on the individual 
presence of the aforementioned technical, institutional, financial and social legitimacies, but also 
on their convergence and mutual reinforcement. This intersection of legitimacy factors is what 
constitutes legitimacy convergence, a condition where a solution is technically sound, institutionally 
recognized, financially viable and ultimately also socially accepted. These dimensions must interact 
in a way that facilitates sustainable implementation and scalability, also hoping to foment a balance 
or equilibrium between often competing areas. Legitimacy convergence represents the threshold 
beyond which frugal solutions transition from experimental grassroots alternatives to integrated 
components of flood resilience governance. When only one or two dimensions of legitimacy are 
present, an innovation remains marginalized, failing to gain traction due to resistance from 
institutions, financial constraints or a lack of overall public support.  

When all four dimensions of legitimacy are aligned, the innovation finds space to moves beyond 
isolated “one-off” initiatives becoming integrated into mainstream policy frameworks, thus 
ensuring its long-term sustainability. The process of achieving legitimacy convergence is particularly 
complex in the Global South, where governance structures are often more fragmented, financial 
resources are constrained and institutional frameworks are often highly dependent on external 
funding sources. Frugal solutions, must then navigate these challenges by securing legitimacy across 
multiple, often competitive levels of decision-making. This requires proving their reliability within 
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technical frameworks, aligning with policy priorities, demonstrating cost-effectiveness to financial 
stakeholders and gaining public trust through participatory governance; which may seem 
monumental yet requires careful planning to capture the potential trade-offs necessary for its 
occurrence. Disaster events can sometimes provide a window of opportunity for revising or 
reforming existing imperatives and frameworks, as societal pressure mounts for change. However, 
this momentum for reform is often short-lived, and sustaining long-term progress can be 
challenging. Furthermore, one of the core challenges in achieving legitimacy convergence is the 
sequencing of legitimacy acquisition. In some cases, technical legitimacy precedes institutional 
legitimacy, as solutions must first prove their effectiveness before being recognized within policy 
frameworks. In other cases, financial legitimacy serves as the entry point, where external funding 
or cost-effectiveness studies push decision-makers to consider new approaches, also describing an 
actual variance in the legitimacy’s importance over a period of time and given certain conditions. 
Given that, without social legitimacy, even the most technically and financially sound solutions risk 
rejection or poor implementation, finally needing institutional legitimacy across time for their 
sustainability. The interdependence of these factors means that legitimacy convergence is not a 
static process; it is a dynamic that requires continuous reinforcement and adaptability. 

The following sections will explore how governance fragmentation poses a critical impediment to 
the successful integration of frugal innovation in flood resilience governance. By analyzing the 
structural inefficiencies, jurisdictional conflicts, and institutional gaps that hinder long-term 
resilience planning, this discussion will highlight how fragmentation disrupts the alignment of 
technical, institutional, financial, and social legitimacy, with a focus on the case study of Brazil. The 
examination will then transition to the Odisha Model, illustrating how legitimacy convergence can 
be achieved despite fragmented governance structures and exemplifying the convergence of these 
legitimacies. 

5.7 Establishing Institutions to Overcome Fragmentation  
The May 2024 flood in Rio Grande do Sul, Brazil, serve as a stark case study of how institutional 

fragmentation can lead to governance failure within flood resilience planning. Despite the existence 

of flood protection infrastructure, the absence of a central coordinating body responsible for its 

maintenance and oversight resulted in widespread systematic failures when the infrastructure was 

needed. This fragmentation of governance, where floodplain and watershed responsibilities are 

divided or neglected among multiple municipal, state, and federal agencies, has led to a lack of long-

term maintenance, conflicting jurisdictional priorities, and insufficient financial commitment to 

infrastructure upkeep. This case highlights the urgent need for a translating institutional framework 

to oversee flood resilience in Brazil connecting interfaces between levels of governance. Historically, 

the DNOS played a critical role in coordinating floodplain and watershed management, but its 

dissolution in 1990 left a governance void that has yet to be filled. As interviewee no. 1 noted: “So, 

DNOS was dissolved, which was the only entity in Brazil responsible for addressing macro-drainage, 

and its responsibilities were transferred to municipalities. But this disrupted the physical logic, 

because the jurisdiction of, for example, Porto Alegre is the municipality , not the whole surrounding 

watershed.” This governance vacuum has resulted in municipalities managing flood infrastructure 

in isolation, with little coordination or financial support from state and even federal agencies. 

Without a central institution fomenting long-term planning, maintenance and inter-municipal 

collaboration, Brazil’s flood resilience efforts remain reactive rather than proactive, perpetuating 

the short-termism paradox that prioritizes emergency response over sustained, long-term 

adaptation measures.  
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The failure to maintain flood control infrastructure in Rio Grande do Sul also reflects broader 

institutional deficiencies in Brazil's flood governance framework. The dissolution of DNOS was part 

of a larger trend of reducing direct government involvement in infrastructure management, 

transferring responsibilities to state and municipal authorities without a corresponding boost in 

financial or technical capabilities. Interviewee no. 9 highlighted how this transition led to severe 

governance inefficiencies: "I would also like to mention, and that you also encounter in countries 

that are, let's say, less developed, is the challenge of sustainable asset management. So you can 

actually build a piece of infrastructure, but then you have to actively operate and maintain it. And I 

observed that many countries, such as Brazil, end up losing the adequate provisions for the operation 

and maintenance of their flood protection infrastructures.” This institutional gap created a 

fragmented governance landscape where municipalities struggle to maintain complex flood 

infrastructure without the technical and financial backing of a national coordinating body to oversee 

interfaces and have a holistic view of watershed management. The result is an ad-hoc system of 

infrastructure management, where maintenance is often deferred, and investments in long-term 

resilience are deprioritized in favor of short-term partisan and economic considerations. 

Furthermore, the lack of a unified national flood resilience strategy has led to inconsistent planning 

and response approaches. As interviewee no. 5 noted: "There was no long-term vision for flood 

protection after DNOS. There was no national planning to determine priorities. Investments were 

fragmented, distributed to states and municipalities without a cohesive federal strategy or vision." 
This statement underscores the interplay between institutional legitimacy and governance 

efficiency. Without a centralized authority to set priorities, manage funding and oversee technical 

implementation, flood resilience measures remain disconnected and inconsistent, exacerbating the 

risks posed by extreme weather events. A crucial factor in addressing this fragmentation is ensuring 

that legitimacy is not merely acquired, but also maintained over time. Without mechanisms to 

maintain legitimacy beyond singular projects or political cycles, frugal solutions risk becoming 

segmented one-off interventions rather than embedded, enduring policy frameworks. The this is 

further emphasized by the time dimension presented in Figure 37 which describes that legitimacy 

is not static, instead it must be continuously sustained across political cycles, project lifespans and 

evolving governance contexts to avoid fragmentation and ensure long-term flood resilience. The 

failure to institutionalize long-term legitimacy in governance leads to recurrent cycles of ad-hoc 

responses rather than systematic resilience-building. Finally, it’s also worth mentioning that 

effective governance strategies must also be context-sensitive, ensuring that institutional 

frameworks align with local political, administrative and societal conditions to foster legitimacy and 

long-term resilience. 
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Figure 36 : Sustained Legitimacy Across Time 

 

From Author (2024) 

5.7.1 Context Sensitive Governance 
The nature of governance structures, which can range from centralized to decentralized models, 

plays a significant role in shaping the implementation of flood resilience policies across different 

political and administrative contexts. Centralized governance systems concentrate decision-making 

authority at the national level, promoting uniform policy implementation but potentially 

constraining local adaptability. Conversely, decentralized governance frameworks empower 

municipalities and regional entities with substantial autonomy, thus enabling tailored solutions but 

often leading to fragmented coordination. The extent to which governance structures are 

centralized or decentralized shapes the feasibility of institutional interventions aimed at addressing 

flood resilience. Many countries facing governance fragmentation in flood management have 

implemented institutional models to ensure inter-municipal and cross-government coordination. A 

notable example revolves around the Special Purpose Vehicles (SPVs) in India: India has addressed 

governance fragmentation by creating SPVs, government-backed entities designed to oversee 

specific infrastructure and resilience projects from design to implementation and maintenance, per 

description from Interviewee no. 7: Special Purpose Vehicles are dedicated agencies carved out 

within the government to manage projects end to end. They have full authority to cut across 

bureaucratic hierarchies, ensuring efficient planning, funding, and maintenance of infrastructure 

projects." A national flood resilience SPV could serve as a promising model for Brazil. Such an entity, 

designed to oversee watershed management and flood infrastructure maintenance across multiple 

municipalities, may help address the challenges of localized mismanagement and ensure long-term 

financial and technical continuity in flood resilience efforts. 
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Another example revolves around the American Society of Civil Engineers in the United States, 

where federal leadership in flood resilience has often fluctuated under pressure from partisan 

politics. In this context, professional societies like ASCE have played a central role in maintaining 

technical and institutional continuity in flood resilience efforts. Interviewee no. 17 has highlighted 

ASCE’s role in bridging such governance gaps: "Professional societies, like ASCE, act as neutral 

entities that provide flood management standards and technical guidelines. They ensure that even 

if federal leadership changes, there remains a consistent knowledge base for states and cities to 

follow." Characteristics of this apolitical, technical guidance model could also be adapted towards 

Brazil, where a federal independent technical body could provide standardized resilience planning 

and maintenance protocols for municipalities and states, thus aligning a national vision. 

Given the repeated failures in flood infrastructure maintenance and governance coordination, Brazil 
must consider re-establishing a national flood management agency or an institutional equivalent, 
inspired by insights of its past and abroad alike, yet not forgetting to account for the unique national 
context. While replicating DNOS exactly may not be feasible, a modernized version could play a 
critical role in ensuring more effective and integrated resilience planning for the country. One of the 
key priorities for such an institution should be watershed-based flood management, ensuring that 
resilience planning accounts for entire watersheds rather than being restricted by municipal 
boundaries and interfaces. A fragmented approach that limits management to individual 
municipalities risks exacerbating downstream flooding due to localized mismanagement, or even 
strategic acts from local level politicians. In addition to watershed-focused planning, coordinated 
infrastructure maintenance is essential. A national oversight body would also be responsible for 
monitoring, funding and managing flood protection infrastructure, potentially with assistance from 
the market in the form of public-private partnerships as described in the previous sections, thus 
preventing the kind of neglect that contributed to the 2024 Rio Grande do Sul disaster. This failure 
to maintain critical flood defenses in the absence of a centralized authority has repeatedly 
demonstrated the need for a coordinated maintenance strategy to ensure long-term infrastructure 
resilience. A crucial component of such an agency would be apolitical and apolitical power 
separation, technical governance and community consulting or participation, ensuring that 
decision-making is driven by expertise rather than political considerations. 

Drawing from the model used by the ASCE, the agency should be structured as a 
professional, evidence-based institution that is insulated from the influence of shifting political 
priorities. Building on that, interviewee no. 9 emphasized the need for a non-partisan entity to 
oversee flood resilience: “I think in general terms, not limited to any specific country, you see that 
the electoral cycle is very adverse in this respect as well. Elected officials, they have like four years or 
sometimes five to show their worth and make sure they are re-elected. Well, would you like to focus 
on a very technical issue like flood protection, something that might never happen in the time that 
you are in office?" This highlights how short-term political incentives often deprioritize long-term 
flood resilience planning, reinforcing the need for an agency that operates independently of 
electoral cycles. By ensuring political neutrality, a flood management agency could provide 
continuity in policy implementation, avoiding the disruptions caused by shifting political priorities 
every couple of years. Furthermore, the institution must incorporate flexible, multilevel coordination 
mechanisms that enable collaboration across national, state, and municipal levels. This will ensure 
the alignment of funding, planning, and implementation processes over time. Entrenched 
bureaucratic barriers have long hobbled Brazil's flood resilience endeavors, and without frameworks 
to facilitate seamless collaboration across government tiers, future flood protection initiatives risk 
being impeded by the same obstacles. 
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The Rio Grande do Sul floods of 2024 exemplify how institutional fragmentation leads to governance 
paralysis, allowing critical flood infrastructure to deteriorate due to poor coordination, inadequate 
funding, and unclear jurisdictional responsibilities. The dissolution of DNOS left Brazil without a 
central flood resilience authority, forcing municipalities to manage complex flood infrastructure 
without national oversight or long-term strategic planning. To prevent future disasters, Brazil must 
re-establish an institutional framework that enables legitimacy convergence through a sustained 
timespan, by addressing technical, institutional, financial and social legitimacy gaps in a manner that 
respects the nuances and oscillations that its developing society has. Brazil can then hope to develop 
a modernized flood resilience agency which combines technical expertise, long-term financial 
sustainability and cross-municipal coordination along with community involvement. However, as 
shows by the examples in India and US, these solutions must be context-sensitive, ensuring that 
governance structures align with Brazil’s political, institutional and socio-economic realities rather 
than being imported wholesale from other models. Without such reforms, the cycle of 
infrastructure neglect and reactive governance, previously seen in the Deadlock of Flood Resilience 
will continue, leaving communities vulnerable to increasingly frequent and severe flooding events. 

5.8 The Odisha Model: A Case of Legitimacy Convergence 
Flood resilience governance in the Global South is often characterized by institutional fragmentation, 

financial constraints, and governance misalignment, creating systemic barriers to the adoption of 

frugal innovations. While conventional, large-scale flood protection measures dominate 

policymaking due to their technical, institutional, and financial backing, decentralized and low-cost 

solutions often struggle to gain legitimacy. However, the Odisha Model stands as a interesting 

example of legitimacy convergence; where technical, institutional, financial and social legitimacy 

align to create a sustainable and community-involving approach to flood resilience. This chapter 

examines how the Odisha Model has successfully navigated governance fragmentation by securing 

legitimacy across multiple dimensions. It highlights how a decentralized, participatory flood 

resilience strategy has been integrated into formal governance structures, securing both financial 

and institutional backing while maintaining strong community participation. By analyzing this 

example, this study hopes to display insight into how legitimacy convergence can enable frugal 

innovation to transition from marginal interventions to mainstream flood resilience policies. 

Figure 37 : Emergency Shelters in Odisha, India 

 

Source: https://www.iied.org/building-resilience-climate-change-through-slum-upgrading-case-jaga-mission-odisha-india 
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Odisha, a coastal state in Northeast India, has historically faced severe flooding and extreme weather 

events. The state's approach to flood risk has progressed through a multi-tiered governance 

framework that integrates disaster preparedness with decentralized, community-driven resilience 

initiatives. Unlike conventional flood resilience policies that rely primarily on large-scale structural 

interventions, Odisha has leveraged nature-based solutions, community participation and adaptive 

governance mechanisms to strengthen long-term flood resilience, in an area marked by staunch 

inequality and vulnerability. One of the key successes of the Odisha Model lies in its ability to bridge 

governance fragmentation by aligning institutions under a cohesive flood management imperative 

also in touch with realities of the locality. As interviewee no. 7 noted: "Schools and other community 

buildings are designed in a way that whenever there is a cyclone warning, these buildings also serve 

as shelter houses. This ensures that communities are not only aware of emergency procedures but 

also have access to some sort of resilient infrastructure." This statement highlights a critical 

component of institutional legitimacy; the ability to facilitate cross-sectoral collaboration rather than 

relying on rigid, bureaucratic structures that often hinder resilience efforts. Odisha’s governance 

approach contrasts with many Global South contexts, where flood management is highly centralized 

and disconnected from local implementation mechanisms. 

Figure 38 : Building Community Resilience In Odisha 

 

Source: https://www.iied.org/building-resilience-climate-change-through-slum-upgrading-case-jaga-mission-odisha-india 

The model integrates grassroots, decentralized early warning systems and community-led 

evacuation planning, which have demonstrated effectiveness in reducing disaster impact and with 

results presented on the following section. Unlike traditional grey infrastructure approaches, 

Odisha’s strategy emphasizes scalability, adaptability and integration with existing localized systems. 

Interviewee no. 10’s position emphasized the role of technical adaptability in ensuring long-term 

feasibility: "Cyclone shelter programs in places like Bangladesh and Odisha have reduced fatalities 

from hundreds of thousands to nearly zero. These models work because they are technically designed 

to withstand extreme events and provide immediate, localized resilience while involving society." This 

underscores that technical legitimacy is not static but an evolving process, and one that requires 

empirical validation, iterative learning and integration within broader governance frameworks. In 

Odisha, pilot programs and field-tested interventions have played a crucial role in strengthening 

confidence in frugal flood resilience approaches since the early 2000s while involving other areas of 

the public domain such as education and health. This model has also found usage in other places of 

similar socio-geographic context such as neighboring Bangladesh, displaying scalability. 
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5.8.1 A Compromise Solution  
One of the most striking successes of the Odisha Model has been its sharp reduction in flood-related 

fatalities. The implementation of decentralized, community-based shelters in highly vulnerable areas 

has allowed thousands of people to evacuate safely before extreme weather events, significantly 

lowering the number of deaths. This approach represents a compromise solution, as it has prioritized 

preserving human life over minimizing financial losses. While it has allowed for a significant 

reduction in flood-related fatalities, it has not prevented substantial financial damages, as seen in 

the data presented in Figure 40. 

Figure 39 : Tropical cyclone induced damage in Odisha Province in the past Century 

 

Source: EM-DAT Disaster Database available at https://www.emdat.be/emdat_db/ 

While the decentralized shelter model has been effective in saving lives, it has not had the same 

direct impact on financial damage, as many communities still suffer from housing and infrastructure 

losses after flood events. This ties into the previously mentioned Short-Term vs. Long-Term 

Resilience Paradox, where policymakers must balance immediate disaster response efforts with 

long-term flood mitigation investments. As interviewee no. 13 noted: " Of course, frugal solutions 

should not be taken as a solution for everything. I mean, you can have this as an intermediate 

strategy, while economic resources in the future might provide for more involved infrastructure and 

protection." This paradox reflects the broader governance dilemma faced in many Global South 

contexts like India or Brazil. While large-scale grey infrastructure projects such as dams and 

embankments could offer more robust long-term solutions, these projects require substantial 

financial investment, economic development, and policy continuity, all of which remain uncertain in 

highly fragmented governance environments. Frugal innovation has the potential to remediate this 

paradox by providing intermediate, scalable and also cost-effective solutions that can be readily 

deployed while gradually transitioning toward more robust long-term investments. 

The Odisha Model's notable success can be attributed to its pragmatic effectiveness, particularly in 

its utilization of cost-effective, community-focused flood resilience strategies. The model 

incorporates nature-based solutions, decentralized early warning systems, and community-led 

evacuation planning, ensuring that flood resilience efforts are both scalable and adaptable to local 

circumstances. Interviewee no. 8 also echoed the transformative impact of cyclone shelter 

programs in reducing disaster-related fatalities: " And if you look at cyclones that hit Bangladesh in 

the 1970s, for instance, you know, you could have cases where hundreds of thousands of people died 

in flooding and cyclones. I mean, just let that number sink. Hundreds of thousands of people would 

die in cyclone events. But now, in these same countries, these levels have been reduced to one or 
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0.1% of those numbers. So the cyclone shelter program, largely responsible for that impact, is 

tremendously successful." This underscores how well-designed, locally integrated shelters can serve 

as life-saving infrastructure, ensuring communities have accessible, immediate protection from 

extreme weather events. Odisha’s experience demonstrates that effective flood resilience does not 

always require large-scale, costly infrastructure, but rather strategic, communityoriented solutions 

that are tested and institutionalized over time, at least and most importantly to save lives. 

Figure 40 : Select tropical cyclones in Odisha and its impact during last two decades 

 

Source: EM-DAT Disaster Database available at https://www.emdat.be/emdat_db/&*Govt of Odisha, Fani Report (May 2019) 

Moreover, by enabling people to return home quickly once floodwaters recede, the Odisha Model 

allows communities to recover faster, minimizing displacement and the long-term socioeconomic 

costs associated with evacuation events, indirectly fomenting coping capacity to thrive. This 

approach reduces the psychological and economic toll of floods while also strengthening community 

resilience by preserving social cohesion and local livelihoods. Decentralized shelters play a critical 

role in that, by ensuring that emergency response efforts remain accessible and well-coordinated. 

Thus, a key factor in the social legitimacy of Odisha’s flood resilience model is its integration of local 

communities in disaster preparedness and response. Interviewee no. 7 highlighted how Odisha’s 

resilience approach has been institutionalized at multiple levels, reinforcing social legitimacy 

through collective engagement and preparedness:" would also like to draw certain examples where 

this has been seen as a collective problem. So for example, if you look into many states in eastern 

part of India for example Odisha or West Bengal which all get lot of cyclones induced flooding, their 

resilience has now been seen as a collective effort of public-private partnerships. Even village level 

communities identify their evacuation zones a priori.” This emphasizes how community-driven 

efforts in Odisha have strengthened public trust and institutional adaptability by ensuring that 

preparedness strategies are inclusive and participatory. The Odisha Model thus presents a viable 

compromise, demonstrating that locally adaptable, socially embedded and economically viable 

measures can enhance flood resilience in vulnerable regions of the Global South. 

Moreover, a major challenge for frugal innovation in flood resilience is the financial misalignment 

between short-term emergency response funding and long-term investment in preventative 

measures. Odisha has overcome this challenge by securing multi-level funding sources, combining 

government allocations, international aid and community-driven financial participation to supplant 

traditional funding sources withing governance structure. This has ensured that the applied 

measures remain sustainable, continuing to serve vulnerable communities beyond initial 

investment cycles. Interviewee no. 16 emphasized the importance of this financial viability, 

particularly in areas where large-scale infrastructure investments are not feasible, or stuck within 

policy inertia: " And, you know, particularly for areas that do not allow for very high investment 

levels. Some areas are too large or simply also technically unfit for building dikes or alike. And then 
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solutions like this, like these shelters and warning systems. Yeah, I agree. They can be effective in 

protecting the community.” This highlights a critical aspect of financial legitimacy; it is not simply 

about obtaining funds but about ensuring that frugal resilience solutions remain viable in resource-

constrained settings. Odisha has tackled this challenge by developing sustainable funding models, 

allowing for incremental investments to be targeted a priori, rather than relying on “one-off”, capital-

intensive projects. This financial adaptability has been essential in maintaining the program’s 

scalability and long-term viability, ensuring that cyclone shelters and other resilience infrastructure 

remain effective, accessible and ultimately financially sustainable over time. 

The Odisha Model provides a valuable case study of legitimacy convergence, demonstrating how 

the legitimacies must align to enable the successful adoption of frugal solutions. Unlike many Global 

South contexts where governance fragmentation hinders resilience efforts, Odisha has successfully 

navigated these challenges by ensuring that community-led approaches are formally recognized, 

financially supported and further technically validated. This example illustrates that frugal 

innovation in flood resilience is not inherently limited by governance fragmentation; it rather 

requires mechanisms that facilitate legitimacy convergence. The insights from Odisha suggest that 

strengthening governance coordination, securing multi-level financial backing and embedding 

resilience strategies within local communities are essential for ensuring the long-term success of 

flood resilience approaches. 

6 Discussion 
6.1 Reframing Flood Resilience: From Deadlock to Legitimacy 

Convergence 
The analysis of flood resilience in the Global South has been historically characterized by a 

paradoxical and cyclical deadlock, wherein short-term emergency responses continuously 

undermine long-term adaptive strategies. This conceptualization, developed through the literature 

review, underscores how the cyclic nature of disaster events, institutional fragmentation, socio-

geographic limitations, and the lack of locally-tailored governance structures perpetuate a self-

reinforcing cycle of flood vulnerability. As illustrated in Figure 42, this Deadlock of Flood Resilience 

has thus emphasized this cyclicality, advocating for a sequential understanding of resilience barriers, 

where each component triggers the next in a self-reinforcing loop, effectively preventing a 

transformative shift in governance and adaptation. Expanding upon this foundational 

understanding, the Four Legitimacies Framework, also depicted in figure 42, introduces a 

reconceptualization of resilience strategies by transitioning from a sequential dependency to a 

perspective of mutual interdependence. This framework challenges the previous assumption of a 

linear progression of barriers and instead argues instead that legitimacy, must be achieved 

concurrently for an effective and sustainable flood resilience solution to be applied. The Four 

Legitimacies Framework contrasts with the deadlock model, which suggests that governance failures 

and socio-geographic limitations naturally lead to institutional gaps and short-term reactive 

measures. Instead, the Four Legitimacies Framework posits that these dimensions are not merely 

steps within a cycle, but rather dynamic and co-dependent components of resilience-building. 

The conceptual shift to mutual dependency is critical because it redefines how legitimacy is 

established in flood resilience governance. Rather than attempting to resolve individual constraints 

in isolation, the framework emphasizes the need for convergence across all four legitimacy domains. 

For instance, technical legitimacy cannot be fully realized without institutional coordination, just as 
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financial sustainability is contingent upon social inclusivity and participatory governance. This 

interwoven structure suggests that resilience is not a function of progressive problem-solving but 

rather an emergent property of a system in which all legitimacy dimensions reinforce one another. 

Figure 41 : From deadlock to Legitimacy 

 

From Author (2024) 

6.2 Legitimacies in the Immediate Aftermath of a Disaster Onslaught 
In the immediate wake of a disaster, the governance of flood resilience is marked by an urgent need 

to restore stability and mitigate damage while providing relief to affected communities. At this stage, 

the interaction between different legitimacy dimensions defines the effectiveness of the response. 

However, financial and social legitimacy appear to take precedence as the most dominant forces, 

shaping immediate recovery efforts. This dynamic is visually represented in Figure 43, where 

Financial and Social Legitimacy are emphasized as leading contributors in the post-disaster response 

phase. Their overlapping areas reflect the interdependence required for inclusive and well-

resourced emergency efforts. 
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Figure 42 : 4 Legitimacies- Aftermath of a Disaster 

 

From Author (2024) 

 

Financial legitimacy is a critical factor in the immediate response phase, as the rapid mobilization of 

resources is essential for funding emergency relief, restoring critical infrastructure, and supporting 

displaced populations. Unlike structured long-term financial mechanisms, post-disaster financing 

relies on emergency aid, humanitarian assistance, and swift government interventions to address 

the urgent needs arising from the disaster. The ability to quickly allocate and distribute funds, often 

having to bypass bureaucratic hurdles, directly influences how effectively immediate needs such as 

shelter, medical aid and food security are met, displaying also how emergency logistics tend to in 

their own nature be interdisciplinary. If financial legitimacy falters, due to inefficiencies of 

mismanagement or simply due to the load applied by the disaster, recovery can stall, exacerbating 

this crisis. Moreover, social legitimacy plays a defining role in fostering public trust along with 

ensuring inclusive and participatory recovery efforts. Disaster-affected populations must feel 

represented in decision-making, and community-led responses often help to fill governance gaps in 

this phase. Moreover, the presence of culturally acceptable and locally embedded recovery 

strategies strengthens cooperation and prevents unrest. Grassroots mobilization, mutual aid 

networks and local leadership also become crucial components of legitimacy, as centralized 

governance may struggle to reach all affected areas promptly. Failure to engage communities can 

lead to resistance, breakdowns in compliance and inefficiencies in response coordination. 

As highlighted in figure 43, Technical and Institutional Legitimacy do not disappear but take on 

supporting roles. Although technical and institutional legitimacy maintain significance in the 

immediate aftermath of a disaster, they assume a subordinate role rather than taking the lead in the 

response efforts. Technical legitimacy is primarily reactive, focusing on quick adaptations rather than 

long-term resilience planning. Emergency flood barriers, debris clearance and temporary 

infrastructure repairs must be rapidly deployable and reliable, thus ensuring that immediate post-
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disaster risks are mitigated. However, the long-term sustainability of these solutions is not 

necessarily the primary concern at this stage. Although coordination remains crucial, traditional 

bureaucratic processes can hamper or slow down immediate disaster response efforts, necessitating 

more adaptive and flexible governance approaches rather than rigid institutional enforcement, 

particularly if the disaster event surpasses historical precedents and demands the learning of new 

lessons. In this phase, the effectiveness of institutions is measured by their ability to facilitate rapid 

decision-making and inter-agency collaboration, rather than their adherence to formalized 

procedures in order for the logistics to be restored and for society to return to normalcy with the 

utmost speed. 

As financial and social legitimacy bridge the gap between immediate needs and structured recovery, 

institutional and technical legitimacy must gradually reassert their roles to ensure long-term 

resilience. Figure 43 anticipates this transition, showing how all four forms of legitimacy eventually 

need to converge again to support sustained flood resilience. The transition from emergency 

response to structured governance necessitates a coordinated convergence of the four legitimacy 

dimensions, whereby rapid relief measures are integrated with durable policy and infrastructure 

solutions. This interplay between legitimacy dimensions illustrates why multi-dimensional legitimacy 

is essential for effective resilience governance. Without financial and social legitimacy at the 

forefront, institutional and technical interventions struggle to gain traction in the immediate chaos 

following disaster onslaughts. 

6.3 Legitimacies in the Transition to Long-Term Resilience Planning 
As the immediate emergency response stabilizes and the focus transitions towards long-term 

resilience planning, the relative prominence of the different legitimacy dimensions shifts. Technical 

and institutional legitimacy now take precedence, guiding the transition from reactive emergency 

measures to more structured and forward-looking flood governance. Per Figure 44, Institutional 

legitimacy becomes increasingly critical as governments and key stakeholders work towards 

establishing a long-term resilience framework, most likely also compounding lessons learnt from the 

disaster. Unlike the emergency phase, where decision-making tends to be centralized and time-

sensitive, this stage requires coordinated and adaptable governance mechanisms that ensure 

stability, accountability, and sustained policy alignment across institutional levels and stakeholders. 

Legitimacy is further reinforced when flood resilience strategies are embedded within 

comprehensive regulatory frameworks, which help to ensure continuity beyond political cycles and 

short-term funding priorities. The role of institutions is no longer limited to managing immediate 

disaster relief, but has expanded to safeguarding the long-term sustainability of flood resilience 

efforts. 
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Figure 43 : 4 Legitimacies -  Long-Term Resilience 

 

From Author (2024) 

With the shift towards long-term resilience, technical legitimacy assumes a dominant role, ensuring 

that flood mitigation strategies are robust, sustainable and well-integrated into local environmental 

and urban planning contexts. Unlike the immediate aftermath, where temporary solutions were 

deployed in response to urgent needs, the focus now shifts towards long-term planning for the 

adoption of more integrated flood resilience methods. As shown in Figure 44, the overlapping areas 

between Technical and Institutional Legitimacy emphasize the necessity for risk-informed, 

coordinated governance that is both scientifically grounded and still contextually appropriate. 

Interestingly, the somewhat diminished role of technical legitimacy in the immediate aftermath of 

the disaster, compared to the prominence of social legitimacy, might also support solutions that 

incorporate a degree of community involvement, giving way for frugal innovation to pierce through 

the barriers impeding it from taking place. The effectiveness of these measures hinges on their 

contextual adaptation, ensuring that they align with regional hydrological conditions, climate 

projections, and naturally the socio-economic realities of the locality. Technical legitimacy also 

requires risk perception and validation, where scientific assessments, engineering studies and data-

driven insights inform resilience strategies. Such elements bolster public trust in resilience solutions, 

ensuring that flood risk mitigation approaches are technically robust while also being widely 

embraced by policymakers and the broader population in general. Moreover, institutional legitimacy 

strengthens as governance frameworks become more structured and integrated across multiple 

levels along with becoming accustomed with the new post disaster realities. Coordination between 

levels of governance is here essential to ensure that resilience strategies doing reverse back into 

fragmentation, instead developing within a cohesive system. In contrast to the immediate disaster 

phase, where institutional structures may have been temporarily overridden or sidelined, long-term 

resilience planning necessitates the institutional alignment of policies, imperatives and funding 

mechanisms. Institutional legitimacy is reinforced when governance structures are adaptive and 

responsive, enabling flood resilience strategies to evolve with ever more changing climate risks, 
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technological advancements and socio-economic shifts inherent to developing societies. Achieving 

a technocratic balance is also essential, ensuring that expert-driven, data-informed decision-making 

does not overshadow local knowledge and community needs, but rather integrates these 

perspectives into a well-rounded governance framework. 

While financial and social legitimacy remain vital, their influence shifts compared to the post-disaster 

phase. Financial legitimacy transitions from short-term emergency aid to structured, and more 

diversified funding mechanisms which seek to sustain long-term resilience investments. Instead of 

reactive funding through disaster relief programs, resilience financing now should involve multi-

stakeholder investment models, insurance-supported risk management and economic incentives for 

sustainable urban development. The emphasis here is on ensuring that financial mechanisms 

support flood resilience in a long-term, risk-aware and incentive driven manner. Similarly, social 

legitimacy, while still relevant, assumes a more supportive role as immediate community 

mobilization gives way to institutionalized participation in policy-making. Rather than relying solely 

on grassroots-driven recovery efforts, social legitimacy in long-term resilience planning is 

established through public consultations, participatory governance structures, and transparent 

decision-making processes that foster public trust and acceptance of long-term mitigation strategies. 

Figure 44 captures this strategic rebalancing, showing how legitimacy convergence requires a new 

configuration of priorities, while still supported by financial incentives and societal trust. 

As the governance of flood resilience transitions from emergency response to structured long-term 

adaptation, legitimacy convergence becomes the mechanism through which competing priorities 

are reconciled. While financial and social legitimacy were the dominant forces immediately after the 

disaster, long-term resilience depends on the integration of institutional governance and technical 

reliability to ensure sustainability. The interplay between these shifting priorities highlights the fact 

that different facets of governance and institutionalization gain or lose prominence over time but 

must nevertheless, always interact to maintain a provisional balance. This reinforces the 

understanding that flood resilience is not achieved through isolated interventions but through a 

dynamic and evolving governance process that adapts to both immediate shocks and long-term 

vulnerabilities. Yet, the impacts of social legitimacy cannot be completely overridden, risking to a 

reversion towards previously applied frameworks where a distance between the solution and society 

at large remained immense. 

6.4 Highlighting the Dynamic Nature of Legitimacy  
The conceptualization of legitimacy in flood resilience governance is not static; rather, it is a dynamic 

and evolving process that reflects shifting needs, competing priorities, and the inherent tensions of 

balancing short-term crisis response with long-term planning. Such dynamic interaction is illustrated 

by Figure 45, which visually traces how the prominence and relative influence of each legitimacy 

domain evolves from the pre-disaster stage, through the immediate aftermath and onto the long-

term planning horizon. This interdependent nature of the Four Legitimacies Framework over time, 

is also closely aligned with the paradoxical resolution, here applied towards governance, and taken 

from the aforementioned Dynamic Equilibrium Model (Smith & Lewis, 2011). This model provides a 

theoretical background for understanding how contradictory yet interdependent forces, such as the 

shifting dominance of different legitimacies over time, must be continuously managed rather than 

fully resolved in order to sustain effective resilience strategies. Moreover, the variation in the 

relevance of different legitimacy dimensions over time, aligns closely with the paradoxical nature of 

resilience governance as previously discussed. In the immediate aftermath of a flood, financial and 

social legitimacy take precedence, as urgent funding mobilization and community engagement are 
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critical for short-term recovery. However, as the response stabilizes and shifts toward long-term 

planning, technical and institutional legitimacy become dominant, emphasizing engineered 

solutions, regulatory structures, and institutional coordination. As seen in Figure 45, this dynamic is 

not a linear or clearly defined transition, but rather an iterative process in which legitimacy 

convergence takes on different meanings and shapes at different points in time, also influenced by 

political oscillations and societal changes. 

Figure 44 : Dynamic Nature of Flood Resilience 

 

From Author (2024) 

This transition reflects the paradoxical tensions outlined in the Dynamic Equilibrium Model. In 

accordance with Smith and Lewis (2011), paradoxes arise from the persistent and contradictory 

demands within complex systems over time, thus necessitating iterative cycles of tension, 

acceptance and further compromise. In the context of flood resilience governance, the interplay 

between legitimacy dimensions represents such a paradox, where different elements of legitimacy 

pull in opposing directions but must ultimately be negotiated rather than eliminated altogether. For 

instance, if financial legitimacy dominates in the short term, there is a risk that long-term technical 

and institutional measures will be underfunded, leading to a cycle of recurring vulnerability, 

exemplified by monumental initiatives that negotiate political capital in jeopardy of long-term 

planning. Conversely, if resilience strategies focus exclusively on technical and institutional 
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legitimacy without maintaining financial and social legitimacy, they risk becoming disconnected from 

community needs and political realities of their place of application, potentially resulting in inert or 

contested policy measures. Therefor, the Dynamic Equilibrium Model provides a lens through which 

to understand legitimacy convergence as a potential paradoxical resolution. Rather than viewing 

legitimacy dimensions as competing forces that require a definitive trade-off, resilience governance 

must embrace a strategy of acceptance, recognizing that legitimacy dimensions are interdependent 

and must be managed dynamically over time. This necessitates flexible governance approaches that 

can navigate the evolving dynamics of legitimacies, ensuring financial and social legitimacy do not 

compromise long-term sustainability while also preventing technical and institutional legitimacy 

from becoming disconnected from pressing context sensitive requirements. Ultimately, by 

integrating the paradox perspective, resilience governance transcends a rigid or sequential problem-

solving approach, instead adopting an iterative process of balancing competing priorities. Per Figure 

45, legitimacy dimensions expand and contract over time, reshaping the nature of convergence as 

the governance process unfolds over time. This dynamic reflects a cornerstone of paradox 

perspective: rather than resolving tensions outright, governance strategies must continuously 

oscillate between competing imperatives, adjusting as conditions evolve with time. 

7 Validation  

This section aimed to validate the proposed framework by assessing its applicability, coherence, and 
effectiveness in addressing the identified challenges. To accomplish this, two validation interviews 
with domain experts were conducted, as presented table 9. These experts provided insights into the 
framework's conceptual clarity, practical relevance and finally on the potential for real-world 
application. The primary objective of these interviews was to ensure that the framework adequately 
captures the complexity of flood resilience governance, particularly in the context of governance 
fragmentation, the legitimacy convergence framework and the overall interactions of paradoxes 
with frugal innovation. The validation process followed a semi-structured format, enabling a open-
ended discussion while maintaining a structured focus on key aspects of the framework. Each 
interview lasted around 45 minutes. The interviews began with an overview of the framework, 
followed by a detailed exploration of each component, were the experts were encouraged to 
provide critical feedback on the framework's strengths, weaknesses and potential areas for 
refinement.  

Table 9 : Validation Interviewees List 

Interview 

Number 

Role Affiliation Geographic 

Context 

20 Dean of the Hydrological Research 

Institute 

Federal University, Porto 

Alegre, Brazil 

Global South 

21 Climate Resilience Professor Private University, Boston, 

USA 

Global North 

 

7.1 Validation Discussion 
The validation interviews provided critical insights into the applicability and robustness of the 

proposed framework, reinforcing its conceptual soundness while offering constructive refinements 
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and room for potential further research topics to build upon. Such discussions served to validate the 

developed models’ relevance in addressing governance fragmentation and the paradoxes 

surrounding frugal innovation in flood resilience. While the overall feedback was highly positive, the 

interviews also generated valuable recommendations for refinement, particularly concerning the 

framework’s treatment of temporal dynamics, political legitimacy, and institutional sustainability 

which were further taken into account.  

One of the key elements of the study is the paradox framework, particularly the short-term vs. long-

term resilience paradox and its relationship with governance dynamics. The validation interviews 

confirmed the accuracy of this paradox but also emphasized the need to reinforce the framework’s 

temporal dynamics, as in reality these problems manifest over long periods of time. As observed by 

Interviewee 20, resilience strategies must move beyond short-term crisis response and instead 

focus on fostering long-term institutional sustainability, as per the excerpt: “The sustainable 

legitimacy, it is long-term, it is not short. In the short term, the mission is to save lives... but for a real 

solution, it is a long-term process. And in this long-term walk, things change.” This comment 

reinforces the necessity of embedding flexibility within the framework, recognizing that different 

forms of legitimacy fluctuate in prominence depending on the developments pertaining to flood 

governance implementation and outside factors (i.e., disasters, political stability, socio-economic 

conditions). Echoing this perspective, Interviewee 21 provided complementary perspectives, 

emphasizing the importance of institutional structures capable of sustaining resilience strategies 

beyond short-term political cycles, by stating: “The political class makes the decision, but the 

institutional environment must exist beyond that. Otherwise, the project dies with political 

transitions.” This insight confirms the framework’s relevance in diagnosing one of the primary 

governance barriers to flood resilience. However, the interviews also emphasized the need to more 

explicitly incorporate the importance of autonomous institutional structures capable of sustaining 

resilience strategies beyond shifting political cycles. 

The validation process also examined the Four Legitimacies Framework, inspecting how it defines 

the factors that determine the applicability and sustainability of frugal flood resilience solutions. 

The feedback from the 2 interviewees on this component was largely positive, affirming its 

comprehensiveness and conceptual clarity. Nevertheless, an important recommendation emerged 

regarding political interference within legitimacy. Interviewee 20 cautioned against an 

overemphasis on political variations within the framework, warning that some unrelated political 

actors often engage with flood resilience projects opportunistically, without meaningful long-term 

commitment nor added value. He stated: “Be careful with too much usage of this political legitimacy 

concept, because politicians don’t always understand and may just interfere or take credit without 

adding real value to it.” This critique highlights the need to differentiate between institutional 

legitimacy and transient political interests, ensuring that decision-making remains anchored in 

governance structures rather than shifting political agendas. This insight invertedly comes from his 

personal experience working in Brazilian resilience, which is often compromised by personal 

interested politics. Another central discussion from the validation interviews was about the dynamic 

and interrelated nature of legitimacy factors and how they should be represented within the 

framework. Interviewee 21 noted that legitimacy is not static and that different dimensions gain or 

lose relevance over time depending on specific flood events, political climates and further societal 

needs, thus being in agreement with the proposed model: “At different times, different factors 

matter more, sometimes technical legitimacy is central, other times financial support is the biggest 

challenge. Your framework needs to in a way reflect this fluidity.” The validation interviews suggested 

that the proposed model should explicitly recognize the dynamic and evolving nature of legitimacy 
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dimensions over time. This would reinforce the need for adaptability in flood resilience strategies, 

as the relative importance of various legitimacy factors can shift depending on the specific 

governance context. The interviewee recommended that this temporal fluidity of legitimacy be 

reflected visually within the framework, rather than viewing the legitimacy factors as fixed 

categories. This would emphasize that the different dimensions of legitimacy are interacting and 

shifting elements, which must be considered in relation to the unique political, institutional, and 

social conditions of each case. 

7.2 The Odisha Model as a Case of Legitimacy Convergence? 
The validation interviews next examined The Odisha Model as an example of legitimacy 

convergence, which has created an effective flood resilience strategy for the Global South. The 2 

interviewees confirmed the relevance of the Odisha case, particularly in demonstrating how 

decentralized, community-driven flood resilience initiatives can achieve formal institutional 

recognition and financial sustainability. However, while the model was validated as a strong example, 

Interviewee 20 cautioned against direct transplantation of the Odisha experience into other 

governance contexts. He noted: “Engineering is universal, but societies, institutions, and financing 

capacities are different. Odisha offers a good reference, but applying it directly elsewhere without 

adaptation could be problematic.” This feedback reinforces the framework’s applicability as a 

potential guideline or positive example rather than a prescriptive solution, which would need 

adaptation to local contexts for its overall validity. Therefore, the Odisha case serves to provide 

valuable insights into how legitimacy convergence can facilitate the adoption of frugal flood 

resilience solutions, but the validation process confirmed that its application must be still adapted 

to the specific political, financial, and institutional conditions of other regions. The framework should 

emphasize that successful cases like Odisha serve as learning models rather than direct blueprints 

for other flood-prone regions. 

Furthermore, a critical dimension of the framework is its response to governance fragmentation and 

the institutional voids that hinder flood resilience strategies. The validation interviews confirmed 

that the framework successfully diagnoses governance fragmentation as a major barrier, 

particularly in the presence multi-level actors and structures. However, Interviewee 21 also noted 

that the framework does not inherently prescribe solutions, as governance fragmentation is deeply 

tied to legal and institutional structures. He remarked that: “The framework indicates the problem. 

But governance fragmentation is deeply tied to legal structures, creating new institutions or restoring 

old ones is a political and legal challenge, beyond just an analytical framework. ” This insight 

highlights a key limitation of the study: while the framework successfully captures the structural 

barriers posed by governance fragmentation, it does not aim to dictate institutional reforms, which 

are highly context-dependent also requiring a more in-depth analysis. The validation process 

confirmed that this limitation is not a flaw, but rather an indication of the model's appropriate scope. 

Instead of prescribing rigid institutional solutions, the framework should be positioned as a 

diagnostic tool that helps identify governance barriers and inform discussions on potential solutions 

tailored to specific contexts. 

7.3 Reflection Validation 
The overall feedback on the framework was highly positive, with strong validation of its structural 

logic, conceptual rigor and potential applicability. The validation process reinforced that the 

framework successfully captures the complexities of flood resilience governance, particularly given 

the challenges posed by governance fragmentation and the paradoxes surrounding frugal 
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innovation. However, key refinements were also suggested to enhance the framework’s clarity and 

sharpness. One major recommendation was to explicitly incorporate a temporal dimension to reflect 

the evolving nature of legitimacy factors over time. Additionally, the validation process confirmed 

the need to differentiate between institutional legitimacy and a phenomena that approaches 

transient political practices, thus ensuring that political engagement and oscillations does not 

undermine the long-term sustainability of flood resilience strategies. Furthermore, while the Odisha 

Model was validated as a strong case of legitimacy convergence, the feedback reinforced that it 

should be framed as a reference model rather than a direct template for application in other regions. 

The expert validation interviews affirmed that the proposed framework offers a robust conceptual 

foundation for examining the paradoxes inherent in flood resilience governance. The suggested 

refinements enhanced the framework's applicability, ensuring it maintains academic rigor while 

remaining practically relevant in informing more effective flood resilience strategies. Although 

governance fragmentation persists as a significant challenge in multi-level flood governance, the 

framework successfully illuminates its systemic drivers, providing a basis for further institutional and 

policy deliberations. 

8 Conclusion 
This study has systematically investigated the relationship between frugal innovation and flood 

resilience in the Global South, analyzing the paradoxes that emerge when incorporating low-cost, 

adaptable solutions into flood risk management. Through a comprehensive examination of these 

paradoxes, their impact on flood resilience outcomes, and the role of governance fragmentation, 

the research has demonstrated the dynamic interplay among various legitimacy dimensions; being 

them technical, institutional, financial and social, along with how they shape the long-term 

sustainability of resilience measures. The following discussion revolves around how the text 

attempted to answer the research question, by answering its sub-questions and the proceeding to 

have a discussion on the overarching research question. 

SQ1:  What paradoxes emerge when applying frugal innovation to flood resilience in the Global 

South? 

The paradoxes revealed through this study reflect a complex network of governance tensions that 

directly shape the viability of frugal innovation in flood resilience efforts. Chief among these is the 

Short-Term vs. Long-Term Resilience paradox, which emerged as the most dominant in both 

frequency and thematic relevance across the interview dataset. It encapsulates the tension between 

urgent, short-cycle interventions, often politically motivated or disaster-driven, and the slow, 

sustained investment required to institutionalize resilient, adaptive strategies. While frugal 

innovation offers rapid, cost-effective solutions that can support immediate needs, their long-term 

potential is often stunted by institutional structures that are reactive, fragmented, and driven by 

political immediacy. Complementing this core finding, two other highly recurrent paradoxes—

Fragmentation vs. Centralization and Centralization vs. Autonomy—further complicate the 

governance environment within which frugal solutions must operate. The former highlights how 

institutional silos and governance dispersion across municipal, regional, and national levels create 

inconsistent and often conflicting approaches to resilience. The latter points to the tension between 

empowering local actors to innovate and adapt, versus the dominance of top-down, centralized 

mandates that often lack the contextual understanding necessary for successful implementation. 
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These paradoxes reinforce the structural misalignment between the grassroots nature of frugal 

innovation and the institutional reality of flood governance. 

Additionally, paradoxes such as Technocratic Dominance vs. Local Knowledge, Cost-Efficiency vs. 

Long-Term Resilience, and Universality vs. Local Adaptation highlight epistemic and operational 

tensions. Frugal innovation often relies on local, context-driven knowledge and adaptive 

techniques, yet these are frequently undervalued within highly technocratic planning regimes that 

prioritize standardized, large-scale infrastructure solutions. Similarly, the adaptability and 

affordability of frugal strategies may raise concerns over long-term robustness, especially in 

institutional cultures that associate resilience with visibility, permanence, and engineering 

legitimacy. The distribution of these paradoxes across different domains, ranging from 

infrastructure and water policy to nature-based solutions, demonstrates that they are not isolated 

phenomena but systemic characteristics of resilience planning. This reinforces the conceptual value 

of the paradox framework for analyzing governance blockages in flood resilience. As such, these 

tensions do not merely hinder the application of frugal innovation; they illuminate the deeper 

institutional logics and governance cultures that must be addressed to enable adaptive, scalable, 

and socially embedded flood resilience strategies in the Global South. 

SQ2:  What is the relationship between these paradoxes and flood resilience outcomes? 

The study finds that paradoxes such as Short-Term vs. Long-Term Resilience fundamentally shape 

the effectiveness and trajectory of flood resilience efforts. When short-term emergency responses 

dominate flood governance, strategies become inherently reactive. This reinforces dependence on 

crisis-driven interventions, undermining sustained efforts toward mitigation and adaptive planning. 

Governance structures that allocate resources based on immediate threats, rather than long-term 

systemic vulnerabilities, further exacerbate this paradox. Consequently, efforts to institutionalize 

innovation, whether frugal or not, often falter in environments where the urgency of the present 

overrides future-oriented resilience. Nevertheless, the findings show that actively managing and 

embracing these paradoxes ,rather than attempting to eliminate them, can help unlock 

transformative potential. Frugal innovation, particularly through nature-based and community-

driven solutions, can serve as a middle ground that bridges short-term needs and long-term 

adaptation goals. For instance, hybrid approaches that combine cost-effective, flexible interventions 

with robust infrastructural measures can help to resolve tensions between cost-efficiency and 

robustness. Moreover, adaptive governance mechanisms that facilitate local experimentation while 

promoting cross-scalar learning can allow context sensitive practices to eventually acquire 

institutional validity, further allowing for them to gain traction, as observed with the Odisha Model 

Finally, this study attempts to underscores that flood resilience is not a singular technical fix but a 

multifaceted and dynamic challenge requiring alignment across social, institutional, environmental 

and financial domains on top of in the technical axis. In this regard, an overarching and integrative 

framework, such as the Dynamic Equilibrium Model employed in the study, becomes a very helpful 

guiding tool to navigate such intricacies. The study suggests that how paradoxes are acknowledged, 

managed and further integrated into governance systems will shape whether frugal innovation 

enhances or hinders flood resilience outcomes in the long term. 
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SQ3:  How does governance fragmentation reflect paradoxes in flood resilience? 

Governance fragmentation reinforces and amplifies the Short-Term vs. Long-Term Resilience 

paradox by creating institutional barriers that impede sustained resilience planning across the areas. 

The study highlights how the absence of coordination across governance levels leads to inconsistent 

flood resilience measures, with national, state, and municipal actors operating within fragmented, 

and often conflicting, policy frameworks. Short-term political incentives further exacerbate this 

misalignment, as decision-makers tend to prioritize visible, high-cost interventions yielding 

immediate electoral benefits rather than those of long-term, adaptation strategies. For instance, in 

Brazil, the dissolution of DNOS created a governance vacuum that left flood resilience 

responsibilities dispersed among multiple self isolating agencies, thus weakening long-term 

infrastructure maintenance and investment in adaptive strategies. Furthermore, this research finds 

that governance fragmentation hinders the institutionalization of frugal innovation, as decentralized 

governance structures often lack capacity or will to support alternative, low-cost solutions especially 

at scale. Moreover, the lack of a central coordinating mechanism constrains policymakers' capacity 

to harmonize short-term disaster response with long-term resilience planning, leaving communities 

susceptible to recurring flood events. Consequently, addressing governance fragmentation 

necessitates institutional reforms that integrate short-term emergency measures within a 

comprehensive, multi-level resilience strategy. 

What becomes evident is that addressing governance fragmentation requires more than improving 

coordination or redefining mandates; necessitating instead the simultaneous alignment of multiple 

forms of legitimacy underpinning flood resilience. This indicates that resilience is not built 

sequentially, but rather through the concurrent reinforcement of all these legitimacies. In 

fragmented systems, however, this interdependence is precisely what becomes disrupted: technical 

solutions remain isolated, institutional mandates are unclear, funding is reactive and communities 

are left disengaged or uninformed. Without a structure that allows these elements to interact 

dynamically, flood resilience efforts remain partial and prone to collapse under the pressures of 

political cycles, disaster response urgency, and bureaucratic inertia. Thus, governance 

fragmentation certainly perpetuates the paradoxes that hinder the adoption of flood resilience 

strategies across the Global South. 

 

“In what ways do and can the paradoxes of frugal innovation influence flood resilience in the 

Global South?” 

 
 

The findings of this study illustrate that the paradoxes of frugal innovation both constrain and enable 

flood resilience, depending on how they are managed within governance structures. The Short-Term 

vs. Long-Term Resilience paradox is central to this tension, as it encapsulates the competing 

demands of crisis-driven flood management and the long-term institutionalization of adaptive 

resilience strategies. When paradoxes remain unaddressed, they end up perpetuating a governance 

cycle in which flood resilience efforts remain reactive, fragmented and ultimately dependent on 

emergency response mechanisms rather than proactive and preventive adaptation. The dominance 

of short-term financial imperatives, coupled with governance misalignment, prevents frugal 

innovation from being systematically integrated into resilience planning. However, when governance 
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structures actively acknowledges and adapt to these paradoxes, rather than attempting to eliminate 

them outright, frugal innovation can serve as a strategic intermediary. It can provide context-

sensitive solutions that can align immediate disaster response with sustained, long-term resilience 

objectives, breaking the cycle of reactive and fragmented flood management. 

Figure 45 : 4 Legitimacies 

 

From Author (2024) 

The study reveals that the aforementioned convergence of legitimacy is not a fixed or static concept. 
Rather, it evolves through ongoing negotiations among governance actors, influenced by external 
disruptions, institutional changes, and political dynamics. Moreover, this research finds that 
different dimensions of legitimacy take precedence at different phases of the flood resilience 
process: social and financial legitimacy are most critical during the emergency response phase, while 
technical and institutional legitimacy become vital as long-term strategies are developed and 
embedded. This dynamic alignment is essential to defining what allows for a solution to potentially 
be applicable while also allowing for frugal innovations to transition from isolated alternatives to 
institutionalized, mainstream approaches. This temporal interplay aligns with the “Paradoxical 
Resolution” of the Dynamic Equilibrium Model proposed by Smith & Lewis, 2011, which emphasizes 
the need to continuously balance and recalibrate tensions rather than resolve them conclusively. By 
applying this logic to flood resilience governance, the study highlights how legitimacy convergence 
enables systems to accommodate paradoxes over time, thus allowing for learning, coordination and 
strategic flexibility rather than rigid governance. This has the potential to spiral vicious cycles where 
resilience might finally be achieved within the context of Global South economies, something of 
much importance given potentially more inclement weather of the upcoming decades. 

Ultimately, this research argues that the influence of paradoxes on frugal innovation is not 
inherently negative. On the contrary, when paradoxes are used as entry points for systemic 
reflection and innovation, they can also help to catalyse governance reform and transformation. 
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The findings suggest that frugal innovation holds significant potential to enhance flood resilience in 
the Global South; but only if governance systems are capable of negotiating paradoxes dynamically, 
and by doing so, supporting legitimacy alignment across different moments in time. Moving 
forward, flood resilience governance must adopt an iterative, integrative approach that bridges 
short-term crisis response with long-term planning. This would entail the development of 
institutional frameworks that embed flexibility, cross-sectoral engagement, and the dynamic 
alignment of legitimacy across multiple levels into the core of resilience efforts. 

9 Limitations  
This study offers valuable insights into the paradoxes of frugal innovation in flood resilience 

governance, but it is crucial to also acknowledge its limitations. These constraints stem from the 

research design, methodological choices and large scope, which inevitably shape the findings and 

their generalizability. The key limitations of this study are outlined below: 

• Deductive Nature of the Interview Questions: One of the primary limitations of this research 

is the deductive structure of the interview questions, which may have influenced how 

participants engaged with the subject matter. The study aimed to explore the impact of 

paradoxes on flood resilience and along with the effects of fragmentation on the former. 

However, the interview design introduced certain conceptual elements, such as paradoxes 

and institutional gaps, as part of the question framing, rather than allowing them to emerge 

organically from the interviewees own accounts. While efforts were made to maintain an 

open-ended, exploratory tone, this deductive approach may have shaped the breadth of the 

interviewee’s responses, guiding them towards discussing resilience challenges within this 

predefined theoretical lens. This could have constrained the emergence of alternative 

perspectives or previously unconsidered themes that might have surfaced in a more 

inductive interview process.  

• Potential Bias Among Interviewees: Another limitation relates to potential bias among 

interviewees, particularly concerning their institutional affiliations and professional 

backgrounds. Many participants currently hold positions within governmental agencies, 

research institutions, or organizations directly involved in flood resilience governance. As a 

result, there may have been a reluctance to critically assess or openly critique the institutions 

they work with, leading to potential response bias. While some interviewees provided candid 

assessments of governance inefficiencies, institutional loyalty and personal experience may 

have influenced how certain issues were framed, particularly regarding the role of current 

governance structures in exacerbating or mitigating resilience challenges, along with 

prejudices regarding other institutions and structures. This limitation suggests that further 

research incorporating more independent or external perspectives, such as affected 

communities and NGOs, could perhaps provide a more nuanced understanding of these 

governance dynamics. Furthermore, the emotional state of the participants while answering 

the questions was not considered, which could have provided insights into the presence of 

such bias in their responses. 

• Absence of a Mixed-Methods Approach: This study utilized a qualitative research 

methodology, without incorporating a mixed-methods approach. This design choice limits 

the ability to generalize the findings or validate them quantitatively. While the qualitative 

methods were well-suited for exploring the complex dynamics of governance paradoxes and 

legitimacy, the absence of quantitative data means that the prevalence and statistical 
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significance of certain patterns remain unverified. The integration of a mixed-methods 

approach, incorporating survey data, network analysis or some type of quantitative 

modelling, could have provided additional layers of insight, particularly regarding the 

institutional adoption of frugal innovations, the effectiveness of governance coordination, 

and the financial viability of alternative resilience strategies. Yet, this becomes challenging 

given the difficulty in measuring the success of frugal innovation in practice. Future research 

could build upon the current findings by triangulating qualitative insights with quantitative 

assessments to develop a more comprehensive analysis of flood resilience governance. 

• Scope Constraints of a Master’s Thesis: The study originally set out with a much broader 

research scope, which had to be refined due it acquiring dimensions much larger that what 

the constraints of a master’s thesis allow for. The complexity of flood resilience governance 

spans multiple scales, institutions, and socio-political contexts, making it a highly intricate 

and multidisciplinary are of study. While the research attempted to successfully capture key 

governance paradoxes and tensions, a more in-depth, longitudinal study, such as a PhD 

dissertation, could eventually provide a deeper and more extensive exploration of these 

dynamics. The time constraints of this study also meant that certain aspects, such as 

historical institutional developments, comparative case studies and longitudinal policy shifts, 

could not be fully addressed nor included within the scope of this thesis. As a result, this 

research serves as a foundational step toward a more extensive investigation of governance 

paradoxes and fragmentation within flood resilience, highlighting areas that merit further 

empirical and theoretical exploration. 

• Challenges in Capturing Informal Governance Dynamics: Another important limitation is the 

challenge in capturing informal governance dynamics. This study primarily focuses on formal 

governance structures, institutional structures and policy frameworks, meaning that the role 

of informal governance, in which community-led initiatives and non-state actors are often 

confined to may not have been explored. In many Global South contexts, informal 

governance structures end up playing a crucial role in shaping flood adaptation strategies, 

particularly in areas where state-led interventions are completely absent or even insufficient. 

Overall, while this study hoped to provide significant contributions to the understanding of 

governance paradoxes in flood resilience, it is thus important to recognize its methodological and 

scope-related limitations. Consequently, the above mentioned points could have further 

strengthened the depth and applicability of the findings. Additionally, incorporating informal 

governance structures and historical institutional analysis would provide further nuance to the 

discussion. Future research can build upon these limitations by expanding on the following 

recommendations while conducting comparative analyses across different governance contexts to 

refine and validate the conclusions drawn in this study. 

10  Recommendations 
While this study has provided valuable insights into the role of frugal innovation in flood resilience 
governance, several areas do warrant further investigation to refine and expand upon its findings. 
Future research could deepen the understanding of governance structures, explore institutional 
interdependencies and assess the applicability of these findings beyond the Global South. Key 
recommendations for the future research identified during the body of this study are outlined 
below: 
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• Investigating the Detailed Intricacies of Governance and Bureaucratic Rites: One critical 
approach for future research is an in-depth exploration of the bureaucratic structures, along 
with internal conflicts within governance institutions. While this study has highlighted 
governance fragmentation as a key barrier, a more granular analysis of how specific 
institutions interact, could provide a richer understanding of the institutional dynamics that 
shape flood resilience. Bureaucratic processes, create overlaps and political rivalries that end 
up impacting decision-making. Investigating these internal power structures and inter-
agency coordination mechanisms could help to unravel the systemic challenges that can end 
up influencing resilience policy. Future research, thus should aim to map out institutional 
relationships while conducting ethnographic studies of decision-making processes and 
analyzing bureaucratic rites. 

• Bringing These Insights Back to the Global North: Another important direction for future 
research involves applying the findings of this study to flood resilience governance in the 
Global North, hoping to foment cross country collaboration. While this research has 
primarily focused on the Global South, the paradoxes of frugal innovation a are not exclusive 
to developing regions, showing themselves throughout the world. Many high-income 
countries also face challenges of bureaucratic fragmentation and have a the need to balance 
short-term disaster response with long-term adaptation practices. Investigating how 
legitimacy dimensions fluctuate in different contexts could offer comparative insights into 
resilience governance as a whole. Additionally, understanding how frugal innovation 
principles might be adapted to developed-world flood resilience strategies could challenge 
reliance on infrastructure-heavy solutions. 

• Evaluating the Role of International Aid and Policy Transfer: Another critical area for future 
research is the influence of international aid and policy transfer on flood resilience strategies 
within the Global South. Institutions such as the World Bank, the International Monetary 
Fund, along with various United Nations agencies have played a significant role in financing 
and shaping flood resilience policies of the 20th century through funding mechanisms, 
development loans and technical assistance. It would be interesting to see if these can keep 
up with challenging conditions fomented by more inclement weather and resource scarcity. 
However, the effectiveness of these interventions remains contested, as they often 
introduce tensions between externally imposed strategies and local realities. Future 
research should thus explore the extent to which international funding aligns with the 
priorities and constraints of local institutions and respective communities. 

In conclusion, future research should aim to delve deeper into institutional structures and their 
intricacies, along with governance mechanisms to assess the broader applicability of legitimacy 
convergence and paradox resolution within resilience. Additionally, a more extensive review of 
frugal innovation examples across different contexts could provide a richer understanding of how 
these solutions evolve, scale, and further integrate themselves into formal governance frameworks. 
Addressing these areas will provide a more comprehensive understanding towards governance 
dynamics and hopefully strengthen the practical implications of resilience strategies across diverse 
policy environments. 
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Appendix A : Interview Protocol (Data Analysis) 
List of interview questions 
The interview questions were designed to elicit insights from all participants regarding their 

experiences and perspectives on flood resilience strategies across various governance levels. These 

questions aimed to explore the strengths and weaknesses of current structures, the balance 

between innovative and traditional practices, and the integration of technocratic and community-

driven solutions. By addressing these topics, the study seeks to understand how stakeholders 

navigate the complexities and paradoxes inherent in flood resilience planning and implementation. 

The findings from these interviews will be interpreted through the lens of the Dynamic Equilibrium 

Model (Smith & Lewis, 2011) and the overarching paradox perspective, providing a theoretical 

foundation for analysing and managing the tensions that arise in the context of flood resilience. 

Opening Questions 

1. Could you briefly describe your experience in implementing flood resilience strategies in 

your region? 

2. What are the main strengths and weaknesses you observe in the current flood resilience 

structures or strategies implemented in your region? 

3. How do flood resilience frameworks align or fail to align with the different levels of 

governance in your region (macro, meso, local)? 

Core Questions 

4. How do you balance the need to introduce innovative flood resilience measures (change) 
with maintaining and strengthening traditional and locally established practices (stability)? 

5. How do you navigate the tension between technocratic solutions, which often come from 
centralized authorities, and the sociogeographic need for locally adapted and community-
driven solutions? 

6. How do you address the paradox of aligning regional flood resilience goals with the diverse 
needs and values of local communities? 

7. When confronted with the paradox of immediate flood protection versus long-term 
sustainability, how do you navigate this conflicting flood resilience deadlock? 

8. How do you perceive and navigate the inherent tensions or contradictions in implementing 
flood resilience strategies? 

9. What challenges and opportunities have you encountered when trying to integrate frugal 
innovations with traditional flood resilience methods in your region? 

10. How do you balance the incorporation of local knowledge and practices with the adoption 
of transnational frameworks and external expertise? Are there cases where this balance 
has led to more effective outcomes? 
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11. How do local power dynamics and governance complexities impact your ability to 
effectively manage these paradoxes? 

12. How can lessons learned in the Global South be applied to developed countries, such as in 
the case of the 2024 floods in Valencia? 

13. How can fragmentation and governance gaps across levels be addressed to improve flood 
resilience? 

Closing Question 

14. Based on your experiences, what recommendations would you give to other decision-
makers in similar contexts to navigate flood resilience paradoxes and develop more 
context-sensitive and sustainable strategies? 

Appendix B : Validation Interview 
Introduction 

• Name of the researcher 

• Educational Qualification 

• Current academic endeavour 

• Research objective 

• Research Results and Proposed Framework 

• Purpose of validation interview 

• Introduction of the Interviewee 

• Informed consent/ confidentiality clause 

Validation Interview Questions 

1. How complete do you find the discussion on the paradoxes present in applying frugal 

innovation to flood resilience? 

2. How well does the 4 Legitimacies Framework define what makes a frugal solution 

applicable? 

3. Do you think that the ODISHA model exemplifies well a case of Legitimacy Convergence per 

the analysis of this thesis?  

4. How effectively does the framework capture and propose solutions for governance 

fragmentation, particularly in multi-level flood resilience coordination? 

5. Do you think something should be added or removed or restructured in the framework? 
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Appendix C : Informed Consent Form 
 

Delft University of Technology 
HUMAN RESEARCH ETHICS 

INFORMED CONSENT 
 

 PLEASE TICK THE APPROPRIATE BOXES  Yes  No  

A: GENERAL AGREEMENT – RESEARCH GOALS, PARTICPANT TASKS AND VOLUNTARY 
PARTICIPATION  

    

1. I have read and understood the study information, or it has been read to me. I have 
been able to ask questions about the study and my questions have been answered to 
my satisfaction.   

☐  ☐  

2. I consent voluntarily to be a participant in this study and understand that I can 
refuse to answer questions and I can withdraw from the study at any time, without 
having to give a reason.   

☐  ☐  

3. I understand that taking part in the study involves: Video recorded interviews that 
will be automatically transcribed as text. Both the recording and the transcript will be 
destroyed right after the conclusion of this study;  

☐  ☐  

4. I understand that I won’t be compensated for my participation.  ☐  ☐  

5. I understand that the study will end by APRIL/2025. The exact date will be decided 
during the green light meeting  

    

B: POTENTIAL RISKS OF PARTICIPATING (INCLUDING DATA PROTECTION)      

6. I understand that taking part in the study involves collecting specific personally 
identifiable information (PII), such as name, e-mail address, designation, and 
location. It also involves the collection of personally identifiable research data (PIRD), 
with the potential risk of my identity being revealed public. I understand that I can ask 
for the interview to stop at any point if I feel the need to do so.  

☐  ☐  

7. I understand that some of this PIRD is considered as sensitive data within GDPR 
legislation, specifically data related to my specific role and responsibilities.  

☐  ☐  

8. I understand that the following steps will be taken to minimise the threat of a data 
breach, and protect my identity in the event of such a breach: all the data will be 
safely stored on TU Delft One Drive, and the access to this data will be limited. I am 
also aware that this data will be destroyed once the study is completed.  

☐  ☐  

9. I understand that personal information collected about me that can identify me, 
such as e-mail address, name, job designation and location, will not be shared 
beyond the study team.   

☐  ☐  

10. I understand that the (identifiable) personal data I provide will be destroyed right 
after the conclusion of this study.  

☐  ☐  

C: RESEARCH PUBLICATION, DISSEMINATION AND APPLICATION      
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11. I understand that after the research study the de-identified information I provide
will be used for the Master’s thesis report developed by the researcher and that it will
be publicly available in TU Delft’s repository.

☐ ☐

12. I agree that my responses, views or other input can be quoted anonymously in
research outputs

☐ ☐

13. I agree that my real name can be used for quotes in research outputs. ☐ ☐

 PLEASE TICK THE APPROPRIATE BOXES Yes  No  

D: (LONGTERM) DATA STORAGE, ACCESS AND REUSE 

14. I give permission for the de-identified video recording that I provide to be archived
in TU Delft repository so it can be used for future research and learning.

☐ ☐

15. I understand that access to this repository is open, but it can be restricted on my
request.

☐ ☐

Signatures 

 __________________________     _________________________  ________ 
Name of participant [printed] Signature 

Date 

I, as researcher, have accurately read out the information sheet to the potential 
participant and, to the best of my ability, ensured that the participant understands to 
what they are freely consenting.  

 ________________________ __________________ ________ 
Researcher name [printed] Signature   Date 

Study contact details for further information:  
FRANCISCO FRANCO BULHOES MENDES 
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Appendix D : Open Codes 
Code Code 

● Academia Involvment ● Lack of Asset Maintenance 

● Act of God ● Lack of Infrastructure 

● Adaptability ● Lack of Institutional Motivation 

● Adaptive Designs ● Lack of Resilience Coverage 

● Aging Assets ● Legacy Infrastructure Risk 

● Apolitical Institutions ● Local Governace Factors 

○ Axial Codes ● Local Knowlegde 

● Bipartisan Recovery ● Local Level Collaboration 

● Blue-Green Infrastructure ● Local Level Lack of Capability 

● Bottom-Up Governance ● Local Level Measures 

● Brazilian Sanitation Framework ● Local Level Protectionism 

● Bureaucracy ● Local vs. Global Knowlegde 

● Centralization vs. Autonomy ● Long Term Focus 

● Climate Change ● Low-Cost Adaptation 

● Climate Finance and Risk Transfer ● Macro-Meso Alignment 

● Climate Messaging ● Macro-Meso Disalignment 

● Climate Skepticism ● Market Adoption of Innovation 

● Co-Production of Solution ● Market Based Resilience Strategies 

● Community Education ● Market Mechanisms 

● Community Governance ● Market-Based Solutions 

● Community Initiative ● Meso-Level Alignment 

● Community Involvement ● Meso-Level Asymmetry 

● Community-Led vs. Technocratic Solutions ● Military Governance 

● Competing Priorities in Public Investment ● Military Logistics 

● Context Sensitive Governance ● Missing Data 

● Coping Capacity ● Mutual Aid Collaboration 

● Cost Efficiency vs. Long Term Resilience ● NIMTOF (Not in My Term of Office) 

● Crisis-Induced Learning ● Non-Stationarity in Climate Risk 

● Cross-Border Learning ● Outdated Systems 

● Cross-Subsidization Tensions ● Paradoxes in Frugal Innovation 

● Data-Driven Governance ● Parallel Structures of Power 

● Decentralization Overload ● Parliamentary Amendments 

● Decentralization vs. Coordination ● Participatory Systems 

● Decentralized Recovery Effectiveness ● Partisan Governance 

● Decision Making Burden ● Police Mainstreaming 

● Delayed Response ● Policy Continuity 

● Delayed Risk Recognition ● Policy Enforcement 

● Democratic Maturity ● Policy Enforcement Failure 

● Disaster Memory Decay ● Policy Evaluation Metrics 

● Disaster Memory Instituionalization ● Policy Flexibility 

● DNOS ● Policy Inertia 

● Early Warning Systems ● Policy Mediation Structures 

● Economic Disparities ● Policy Myopia 

● Economic Loss ● Policy Reform 

● Efficiency Paradigm ● Policy Toolbox 

● Environmental Concerns ● Political Accountability Deficit 

● Equity Gaps in Climate Resilience ● Political and Policy Dynamics 

● External Validation ● Political Blame Game 

● Factors Affecting Frugal Innovation ● Political Capital Through Resilience  

● Failure in Monitoring ● Political Decision Making 

● Fast Recovery ● Political One-up-Manship 
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● FESP ● Political Oscillations 

● Financial and Resource Constraints ● Political Polarization 

● Financial Disincentives ● Pollution 

● Financial Incentives ● Post-Colonial Inferiority Perception 

● Fragmentation of Governance ● Power Dynamics 

● Fragmentation vs. Centralization ● Power Separation 

● Frugal Innovation ● Private Sector Involvment 

● Frugal Innovation Challenges ● Private Sector Steering 

● Frugal Policy ● Public Perception 

● Funding Gaps ● Public vs. Private Steering 

● Geographic Uniqueness ● Public-Private Partnerships 

● Geographic Variability ● Reactive Policies 

● Global Knowledge Flows ● Regulatory vs. Advisory Governance 

● Governance Across the Levels ● Resilience Awareness 

● Governance Adaptability ● Resilience Bonds 

● Governance Capacity ● Resilience Neglect Costs 

● Governance Centralization ● Resilience Ownership 

● Governance Compromise ● Resilience Unfeasibility 

● Governance Fragmentation ● Resilient Rebuilding 

● Governance Fragmentation and Integration ● Resource Prioritization 

● Governance Mediation Failures ● Resource Scarcity 

● Governance Resilience ● Retrofitting Challenges 

● Governance Trust ● Rigid Sustem Vulnerabilities 

● Governance Vacuum ● Risk Governance 

● Governance Weakening ● Risk Perception Failure 

● Grassroots Solutions ● Risk-Aware Urban Planning 

● Green-Grey Infrastructure ● Safe-to-Fail Infrastructure 

● Historical Context ● Scalabality 

● Hybrid Infrastructure ● Scalability in Disaster Response 

● Implementation Challenges ● Science vs. Political Narrative 

● Incentive-Driven Compliance ● SETS (Sociological Technological Systems) 

● Inequality ● Short Term vs. Long Term 

● Informal Power (Influence) ● Social Acceptability 

● Informal Systems Resistance ● Social Factors 

● Innovation Resistance ● Social Resilience 

● Innovation Stagnation ● Societal Learning 

● Institutional Capacity ● Societal Needs 

● Institutional Complacency ● Socio-Economic Disruption 

● Institutional Dynamics ● Strategic Environmental Assessment (SEA) 

● Institutional Gaps ● Sustainable Asset Management 

● Institutional Infrastructure ● Systems Thinking Failure 

● Institutional Knowledge Retention ● Systems Thinking in Resilience 

● Institutional Legitimacy ● Technical Capacity 

● Institutional Legitimacy Overlaps ● Technocratic Balance 

● Institutional Risk Aversion ● Technocratic Dominance 

● Institutional Risk Exposure ● Technocratic Dominance vs. Local Knowledge 

● Institutional Translation ● Technology Transferibility 

● Integrated Monitoring ● Temporary Disaster Management 

● Integrated Systems ● Top-Down Governance 

● Integrative Policy ● Transferability Challenges 

● Inter-Governmental Coordination ● Tropicalization of Innovation 

● Inter-Governmental Tensions ● Types of Paradoxes 

● Interdisciplinary Resilience ● Uncertain Conditions in Resilience 

● International Financing ● Universality vs. Local Adaptation 
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● Investment Capacity ● Unplanned Urbanization 

● Knowledge Fragmentation in Policy ● Urban Resilience 

● Knowledge Integration and Institutional 
Learning 

● Vicious Cycle 

● Knowledge Systems ● Virtuous Cycle 

 ● Vulnerability 

 ● Watershed-Based Governance 

 ● Weather Extremes 
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Appendix E: Axial Code-Document Table 

 

From Author (2024) 
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Human Research Ethics
Committee TU Delft
(http://hrec.tudelft.nl)

Visiting address

Jaffalaan 5 (building 31)
2628 BX Delft

Postal address

P.O. Box 5015 2600 GA Delft
The Netherlands

Date 15-Apr-2025
Correspondence hrec@tudelft.nl

Ethics Approval Application: Navigating Paradoxes for Flood Resilience with Frugal Innovation in the
Global South
Applicant: Franco Bulhões Mendes, Francisco 

Dear Francisco Franco Bulhões Mendes,

It is a pleasure to inform you that your application mentioned above has been approved.

Thanks very much for your submission to the HREC which has been approved.

In addition to any specific conditions or notes, the HREC provides the following standard advice to all
applicants:
• In light of recent tax changes, we advise that you confirm any proposed remuneration of research subjects
with your faculty contract manager before going ahead.
• Please make sure when you carry out your research that you confirm contemporary covid protocols with
your faculty HSE advisor, and that ongoing covid risks and precautions are flagged in the informed consent
- with particular attention to this where there are physically vulnerable (eg: elderly or with underlying
conditions) participants involved.
• Our default advice is not to publish transcripts or transcript summaries, but to retain these privately for
specific purposes/checking; and if they are to be made public then only if fully anonymised and the
transcript/summary itself approved by participants for specific purpose.
• Where there are collaborating (including funding) partners, appropriate formal agreements including clarity
on responsibilities, including data ownership, responsibilities and access, should be in place and that
relevant aspects of such agreements (such as access to raw or other data) are clear in the Informed
Consent.
 

Good luck with your research!

Sincerely,



Dr. C. Shelley-Egan
Chair HREC
Faculty of Technology, Policy and Management


