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Abstract 

Climate change has intensified the frequency and severity of extreme flooding events, challenging 
the effectiveness of conventional urban flood management strategies. Floodplains are increasingly 
promoted as nature-based solutions for flood risk reduction; however, their performance under 
extreme and compound flooding conditions remains context-dependent and insufficiently 
understood. This study examines the role and limitations of floodplain-based flood management 
through a qualitative comparative case study of two flood-prone cities: New Orleans (USA) and 
Carlisle (UK). Despite substantial differences in geomorphology, governance systems, and socio-
economic contexts, both cities experienced severe flood events that exposed the failure of floodplains 
and engineered defences to provide adequate protection under extreme climatic stress. Drawing on 
document analysis and secondary data, the comparison identifies four interacting factors shaping 
floodplain performance: environmental constraints, urban development patterns, governance 
capacity, and civic participation. The findings show that floodplains alone cannot function as reliable 
flood risk reduction measures when ecological degradation, land-use pressures, and institutional 
fragmentation undermine their buffering capacity. Rather than serving as substitutes for structural 
defences, floodplains operate most effectively as complementary components within integrated flood 
risk management frameworks that combine ecological restoration, spatial planning, and inclusive 
governance. This study contributes empirical insights into the context-specific applicability of 
floodplain strategies and highlights the importance of adaptive, place-based governance for urban 
disaster risk reduction under climate change. 

Keywords: flood risk management; floodplains; urban flooding; climate change adaptation; 
governance capacity; civic participation 
 

1. Introduction 

Climate change has substantially increased the frequency, intensity, and uncertainty of flood 
hazards, placing unprecedented pressure on urban flood risk management systems worldwide. 
Conventional flood management approaches—primarily based on engineered defences and 
floodplain regulation—were historically designed under assumptions of climatic stability and 
predictable hydrological extremes. Recent flood disasters, however, have demonstrated that these 
assumptions are increasingly invalid under contemporary climate dynamics (Klijn et al., 2015; 
Spencer et al., 2017). Floodplains, often promoted as nature-based solutions for flood risk reduction, 
are now central to debates on adaptive flood governance. However, their effectiveness is highly 
contingent on local environmental conditions, land-use dynamics, and governance capacity. 
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The flood events that struck New Orleans (USA) and Carlisle (UK) in 2005 illustrate not only the 
occurrence of extreme hydrological events but also the failure of existing flood risk governance 
frameworks to anticipate, absorb, and adapt to escalating risk. In both cities, floodplain policies and 
engineered defences proved insufficient when confronted with compound pressures arising from 
climatic extremes, urban development, and institutional fragmentation (Burby, 2006; Convery & 
Bailey, 2008). These cases reveal that flood risk is not solely a product of natural hazards, but is 
actively shaped by planning decisions, governance arrangements, and socio-political priorities. 
Understanding flood disasters as governance failures rather than isolated natural events is therefore 
essential for advancing disaster risk reduction under climate change. 

Existing research on flood risk management has increasingly emphasized the potential of 
floodplains and nature-based solutions to enhance urban resilience by attenuating flood peaks and 
reducing downstream impacts. However, much of this literature assumes that floodplains function 
as inherently beneficial or scalable interventions, often underplaying the institutional, spatial, and 
social conditions required for their effective operation (Priest et al., 2016; Venkataramanan et al., 
2019). As a result, limited attention has been paid to the circumstances under which floodplain-based 
strategies fail to reduce risk, or may even exacerbate vulnerability when poorly integrated into 
broader governance frameworks. 

In particular, comparative insights into how floodplain performance is shaped by interactions 
between environmental constraints, urban development pressures, governance capacity, and civic 
participation remain scarce. While individual case studies have documented flood impacts in specific 
cities, fewer studies explicitly examine floodplains as governance instruments whose effectiveness 
depends on decision-making processes, policy coordination, and social acceptance (Mehring et al., 
2018; Hudson et al., 2019). This gap is especially salient under climate change, where increasing 
uncertainty and extreme events challenge static floodplain design assumptions and demand 
adaptive, context-sensitive approaches to disaster risk reduction. 

Against this background, this study aims to examine the context-dependent effectiveness of 
floodplain-based flood management strategies under conditions of increasing climatic extremes. 
Specifically, it investigates how floodplains function—or fail to function—as flood risk-reduction 
instruments when embedded in different environmental settings and governance arrangements. To 
address this objective, the study adopts a qualitative comparative case study approach, focusing on 
New Orleans (USA) and Carlisle (UK), two flood-prone cities that experienced severe flooding in 
2005 but differ markedly in geomorphology, hydrological regimes, governance structures, and socio-
economic contexts. 

The comparison of these cases enables an examination of how similar flood outcomes can 
emerge from distinct physical and institutional conditions, thereby illuminating shared risk 
governance challenges beyond site-specific factors. By analysing flood causes, floodplain roles, and 
post-event governance responses, this study identifies key mechanisms shaping floodplain 
performance and their implications for urban disaster risk reduction. Rather than seeking universal 
policy prescriptions, the analysis highlights the importance of place-based, adaptive flood 
governance in managing flood risk under climate change. 

2. Limitations of Conventional Flood Defence Strategies 

2.1. Structural Flood Defences and Their Risk Limitations 

Conventional flood defence strategies have historically relied on structural measures such as 
levees, floodwalls, dams, and reservoirs to protect urban areas from inundation. These interventions 
were primarily designed to reduce flood probability by containing or diverting water flows under 
assumed design thresholds (Klijn et al., 2015). While such measures have been effective in managing 
frequent, low- to medium-magnitude flood events, their performance is fundamentally constrained 
by static design assumptions that fail to account for increasing climatic variability and extreme 
hydrological conditions. 
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Under climate change, the probability of flood events exceeding design standards has increased 
substantially, exposing urban areas to residual and systemic risk. Structural defences may create a 
false sense of security, encouraging urban expansion and asset concentration in protected areas, 
thereby amplifying potential losses when defences fail (Burby, 2001). As a result, flood risk is not 
eliminated but redistributed and, in some cases, intensified. These dynamics have led to growing 
recognition that engineering-based protection alone cannot ensure effective disaster risk reduction in 
flood-prone cities. 

2.2. Flood Defence Failure as a Governance Problem 

The flood disasters experienced in New Orleans and Carlisle demonstrate that the failure of 
structural flood defences cannot be understood solely as a technical malfunction, but must be 
analysed as a governance failure shaped by planning decisions, institutional fragmentation, and long-
term land-use trajectories. In New Orleans, the extensive levee system was designed to protect a city 
located mainly below sea level; however, Hurricane Katrina exceeded these design assumptions, 
leading to widespread breaching and catastrophic inundation (Burby, 2006). The disaster revealed 
how reliance on engineered protection, combined with wetland degradation and delayed 
infrastructure maintenance, produced systemic vulnerability rather than resilience. 

Similarly, in Carlisle, floodwalls and embankments along the River Eden and its tributaries were 
overtopped during extreme rainfall events in 2005 and again in 2015, despite post-event upgrades 
(Convery and Bailey, 2008; Spencer et al., 2017). These events highlight how flood defence standards 
based on historical hydrological records are increasingly misaligned with contemporary risk 
conditions. In both cases, governance constraints—including limited financial capacity, delayed 
implementation, and fragmented responsibility across agencies—restricted the ability of flood 
management systems to adapt proactively to escalating risk. 

2.3. Implications for Floodplain-Based Strategies 

The limitations of conventional flood defences have intensified interest in floodplains and other 
nature-based solutions as alternatives or complements to engineered protection. Floodplains are 
often expected to attenuate flood peaks by temporarily storing excess water and restoring 
hydrological connectivity. However, when floodplains are treated as isolated technical fixes rather 
than components of integrated risk governance systems, their effectiveness remains limited. 

Both New Orleans and Carlisle demonstrate that floodplains cannot compensate for governance 
failures embedded in land-use planning, urban expansion, and institutional coordination. Where 
floodplains are constrained by urban development, ecological degradation, or conflicting policy 
objectives, their capacity to reduce flood risk is significantly undermined. These cases suggest that 
floodplain-based strategies do not inherently resolve flood risk challenges, but instead require 
supportive governance frameworks, adaptive planning, and alignment with broader disaster risk 
reduction objectives. 

3. Case Study: New Orleans, USA 

3.1. Flood Risk Context and Governance Constraints 

New Orleans is located within the Mississippi River Delta, a low-lying coastal landscape where 
approximately 80% of the urban area lies below sea level. The combined effects of riverine flooding, 
hurricane-induced storm surges, subsidence, and sea-level rise shape flood risk in the city. 
Historically, flood risk management in New Orleans has relied heavily on large-scale structural 
defences, particularly levees, floodwalls, and pumping systems designed to protect urban 
development from both fluvial and coastal flooding (Burby, 2001; Colten, 2018). 

This engineering-dominated approach has been accompanied by long-term ecological 
degradation, most notably the extensive loss of coastal wetlands that previously served as natural 
buffers against storm surges. Between the early twentieth century and the early 2000s, coastal 
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Louisiana experienced substantial wetland loss driven by urban expansion, navigation 
infrastructure, and oil and gas extraction, significantly reducing the region’s flood attenuation 
capacity (Hupp et al., 2009; Cutter et al., 2018). As a result, flood risk in New Orleans has 
progressively intensified, not only due to climatic factors, but also as a consequence of cumulative 
planning and development decisions. 

3.2. Hurricane Katrina as a Systemic Flood Risk Governance Failure 

Hurricane Katrina in 2005 exposed the structural limitations of New Orleans’ flood risk 
management system when extreme conditions exceeded design assumptions. Storm surges and high 
water levels overtopped and breached multiple sections of the levee system, resulting in widespread 
inundation across the city (Seed et al., 2008). While the event is often framed as an unprecedented 
natural disaster, it more accurately represents a systemic failure of flood risk governance rooted in 
overreliance on engineered protection, delayed infrastructure maintenance, and insufficient 
consideration of compound risk. 

The disaster demonstrated how structural defences, when treated as primary risk reduction 
instruments, can generate residual and systemic risk by encouraging urban development in highly 
vulnerable areas. Once defences fail, the consequences are catastrophic, particularly in cities where 
evacuation, emergency response, and recovery capacities are unevenly distributed. In this sense, 
Katrina revealed not only technical fragility but also institutional and social vulnerability embedded 
within the city’s flood governance framework (Burby, 2006; Kates et al., 2006). 

3.3. Social Vulnerability and Unequal Risk Reduction Outcomes 

Flood risk in New Orleans is further shaped by pronounced socio-economic inequalities that 
influence exposure, preparedness, and recovery capacity. During and after Hurricane Katrina, 
communities with lower incomes and limited access to political and institutional resources 
experienced disproportionately severe impacts and slower recovery trajectories (Cutter et al., 2018). 
These disparities highlight how flood risk reduction outcomes are mediated by civic participation, 
trust in governance institutions, and access to information. 

Although substantial investments were made to rebuild and upgrade flood defences following 
Katrina, governance fragmentation and uneven community engagement constrained the long-term 
effectiveness of these measures. The post-disaster reconstruction process prioritised infrastructural 
reinforcement but addressed social vulnerability and participatory governance to a much lesser 
extent. Consequently, while structural protection standards improved, underlying drivers of flood 
risk—including land-use pressures, ecological degradation, and social inequality—remained largely 
unresolved. 

3.4. Implications for Floodplain-Based Risk Reduction 

The New Orleans case illustrates that floodplains and wetlands cannot serve as effective flood 
risk-reduction instruments in isolation from broader governance reforms. While wetland restoration 
and floodplain reconnection have been promoted as complementary strategies, their capacity to 
reduce flood risk is fundamentally constrained by ongoing urban development, fragmented 
institutional responsibilities, and limited integration with social planning objectives. 

From a disaster risk reduction perspective, the failure observed in New Orleans underscores the 
need to conceptualise floodplains not merely as hydraulic buffers, but as governance-dependent 
interventions whose performance depends on coordinated land-use regulation, long-term ecological 
management, and inclusive decision-making processes. Without such integration, floodplain-based 
strategies risk reproducing the same vulnerabilities that undermined earlier engineering-dominated 
approaches. 
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4. Case Study: Carlisle, UK 

4.1. Flood Risk Context and Catchment Characteristics 

Carlisle is located in northwest England at the confluence of three rivers—the Eden, Caldew, 
and Petteril—making it inherently vulnerable to fluvial flooding. Flood risk in the city is primarily 
driven by prolonged and intense rainfall events within the upstream catchment, rather than by 
coastal storm surges as in New Orleans. The regional climate is characterised by high precipitation 
associated with Atlantic weather systems, and recent decades have seen an increase in extreme 
rainfall intensity consistent with broader climatic trends (Spencer et al., 2017). 

Flood risk management in Carlisle has traditionally relied on a combination of engineered flood 
defences, including embankments and floodwalls, alongside designated floodplains intended to store 
excess water during high-flow events. These measures were designed based on historical 
hydrological records and standard protection levels, assuming relatively stable climatic conditions. 
However, repeated flood events since 2005 have increasingly challenged the adequacy of this 
approach under changing rainfall regimes. 

4.2. Recurrent Flooding as a Failure of Adaptive Flood Governance 

Severe flooding in Carlisle in January 2005 revealed the vulnerability of the city’s flood risk 
management system when prolonged rainfall caused river flows to exceed the capacity of defences. 
Despite subsequent investments in flood protection, Storm Desmond in December 2015 again 
overwhelmed flood defences, inundating more than 2,000 properties and causing widespread 
disruption to infrastructure and services (Convery and Bailey, 2008; Spencer et al., 2017). These 
recurrent events demonstrate that flood risk management in Carlisle has struggled to adapt to 
escalating hydrological extremes. 

Rather than representing isolated failures of individual structures, the repeated flooding 
highlights limitations in adaptive flood governance. Protection standards based on historical flood 
frequencies proved insufficient under intensifying rainfall, while delays in implementation and 
constrained funding limited the scope of post-event upgrades. As a result, flood risk reduction efforts 
lagged behind rapidly evolving hazard conditions, producing a growing gap between protection 
design and actual risk. 

4.3. Floodplains, Land-Use Pressures, and Unintended Risk Amplification 

Floodplains in and around Carlisle have been promoted as natural flood management measures 
capable of attenuating peak flows and reducing downstream impacts. In practice, however, their 
effectiveness has been undermined by land-use change, soil compaction, and urban development 
encroachment. Large portions of floodplain areas have been converted into impermeable surfaces or 
intensively managed land, significantly reducing their water storage capacity (Entwistle and 
Heritage, 2016). 

Empirical studies indicate that, rather than functioning as controlled retention zones, some 
floodplain areas in Carlisle have become saturated prior to flood events, limiting their capacity to 
absorb additional water and, in some cases, exacerbating local flooding. These outcomes reflect a 
mismatch between floodplain policy objectives and actual land management practices, revealing how 
floodplains can amplify risk when governance mechanisms fail to regulate competing land-use 
interests effectively. 

4.4. Social Impacts and Governance Constraints 

Beyond physical damage, recurrent flooding in Carlisle has generated substantial social and 
psychological impacts, including increased anxiety, reduced well-being, and heightened 
consideration of relocation among residents (Convery and Bailey, 2008). Although public 
consultation processes are formally embedded within UK flood risk governance, civic participation 
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has often been procedural rather than substantive, limiting the incorporation of local knowledge into 
decision-making (Mehring et al., 2018). 

Local governance capacity has further constrained flood risk reduction efforts. Limited financial 
resources, multi-level approval requirements, and competing development priorities have delayed 
maintenance and adaptation of flood defences and floodplain areas. Consequently, floodplains in 
Carlisle illustrate how nature-based solutions cannot deliver effective disaster risk reduction without 
sustained institutional support, coordinated land-use planning, and meaningful civic engagement. 

4.5. Implications for Floodplain-Based Risk Reduction 

The Carlisle case demonstrates that floodplain-based strategies are susceptible to catchment-
scale processes and governance arrangements. While floodplains offer potential benefits for flood 
attenuation, their performance depends on long-term land management, regulatory enforcement, 
and adaptive planning that can respond to evolving climatic risks. 

From a disaster risk reduction perspective, Carlisle highlights the limitations of implementing 
floodplain policies as static or supplementary measures within otherwise unchanged governance 
frameworks. Without continuous adaptation and integration across policy domains, floodplains risk 
becoming symbolic rather than functional components of flood risk management, offering limited 
protection under increasingly extreme conditions. 

5. Comparative Discussion: Evidence-Informed Mechanisms Across the Two Cases 

5.1. Intensifying Climatic Conditions and Design–Risk Misalignment 

The two case studies illustrate a growing mismatch between historical design assumptions in 
flood management and evolving climatic conditions. In New Orleans, Figure 1 (monthly total 
precipitation for 2005, 2015, and 2024) indicates substantial interannual variability and periods of 
elevated rainfall totals, particularly in late summer and autumn, which are critical seasons for 
compound flood risk in coastal cities. While this figure alone cannot establish a long-term trend, it 
provides case-level evidence that recent precipitation patterns can exceed the practical operating 
conditions assumed by conventional flood defences and drainage systems, thereby increasing 
residual flood risk. 

In Carlisle, the climatic pressure manifests differently. Figure 2 (monthly average temperature 
at Carlisle Lake District Airport for 2005, 2015, and 2018) shows warmer seasonal conditions in the 
later observation year(s) for several months, signalling an evolving climatic context. Although 
temperature is not a direct proxy for flood discharge, warmer atmospheric conditions can intensify 
the hydrological cycle and interact with storm systems, contributing to risk environments in which 
historical flood protection standards may become increasingly misaligned with actual hazard 
regimes. Taken together, these figures support the argument that flood risk governance must move 
beyond static design baselines and incorporate adaptive planning in the face of climatic uncertainty 
(Klijn et al., 2015; Spencer et al., 2017). 
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Figure 1. Monthly total precipitation in New Orleans for the years 2005, 2015, and 2024. The data were visually 
estimated based on Figure 1 (daily precipitation records from the Louis Armstrong New Orleans International 
Airport). The bar chart illustrates seasonal variability and interannual differences in rainfall distribution, 
showing that 2024 had higher precipitation totals during late summer and autumn than in previous years. 

 

Figure 2. Observed Weather in 2005,2015, and 2018 at Carlisle Lake District Airport (The data for this report comes 
from the Carlisle Lake District Airport). 

5.2. Exposure Growth and the Paradox of Protection in New Orleans 

The New Orleans case further demonstrates that flood risk is shaped not only by hazard 
intensity but also by changing exposure patterns. Figure 3 (density of occupied housing units in the 
New Orleans metropolitan area, 1960–2010) visualises pronounced urban expansion and increasing 
residential concentration over time. This spatial growth pattern is consistent with a well-documented 
risk dynamic: structural protection and floodplain regulation can create a “security effect” that 
encourages development behind defences, increasing the number of people and assets exposed when 
protection fails (Burby, 2001). 
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Figure 3. Density of occupied housing units in the New Orleans metro, 1960, 2000, 2010. 

From a disaster risk reduction perspective, Figure 3 strengthens the interpretation of Hurricane 
Katrina as a systemic governance failure rather than an isolated natural event: urban expansion and 
land-use decisions, interacting with engineered protection and ecological degradation, produced an 
increasingly brittle urban risk configuration (Burby, 2006; Cutter et al., 2018). Significantly, this 
mechanism also constrains the effectiveness of floodplain-based strategies—where floodplain space 
is limited or gradually encroached upon, its buffering capacity becomes governance-dependent 
rather than “naturally available”. 

5.3. Why Floodplains Fail as Universal Solutions Across Contexts 

The comparative evidence indicates that floodplains cannot be treated as universally reliable 
instruments for flood risk reduction. In New Orleans, floodplain and wetland functions have been 
progressively weakened by long-term land conversion and urban expansion pressures. At the same 
time, risk management has remained dominated by levees and pumping systems. In Carlisle, 
although flood risk is primarily fluvial and catchment-driven, recurrent extreme events have 
repeatedly tested the limits of engineered defences and the practical capacity of floodplain storage, 
mainly where land management and maintenance constrain infiltration and retention performance. 

Across both cases, the core lesson is that floodplain strategies deliver risk reduction benefits only 
when embedded within integrated flood risk management frameworks that align (i) evolving 
climatic conditions, (ii) spatial planning and development control, and (iii) governance capacity for 
long-term maintenance and coordinated action. Without this alignment, floodplains risk becoming 
symbolic policy components—present in planning documents but unable to deliver measurable 
reductions in disaster risk under extreme conditions. 

5.4. Implications for Disaster Risk Reduction Under Climate Change 

For IJDRR’s disaster risk reduction agenda, these cases indicate that the central policy challenge 
is not simply whether floodplains should be restored, but how they are governed under conditions 
of competing land-use pressures and increasing climatic uncertainty. Evidence from Figures 1–3 
demonstrates that effective floodplain-based risk reduction requires adaptive governance capable of 
routinely reassessing design assumptions against evolving hazard conditions rather than relying on 
static historical thresholds. At the same time, flood risk reduction depends on exposure-aware spatial 
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planning that limits the concentration of people and assets behind protective structures, as such 
protection can otherwise unintentionally amplify disaster consequences (Burby, 2001). Crucially, 
floodplains function as governance-dependent interventions whose performance is shaped by 
regulatory enforcement, long-term maintenance capacity, and cross-sector coordination, rather than 
solely by ecological intent. 

6. Conclusions 

This study examined the performance and limitations of floodplain-based flood management 
strategies through a comparative case study of New Orleans (USA) and Carlisle (UK) under 
conditions of increasing climatic extremes. Despite substantial differences in geomorphology and 
flood-generating processes, both cases demonstrate that floodplains cannot be treated as universally 
reliable instruments for flood risk reduction. Instead, their effectiveness is shaped by the interaction 
of climatic pressures, land-use dynamics, governance capacity, and social vulnerability. 

The comparative analysis shows that evolving climatic conditions have increasingly challenged 
the static design assumptions embedded in conventional flood management systems. As illustrated 
by the precipitation and temperature patterns presented in Figures 1 and 2, recent hydro-climatic 
variability and extremes have exposed a growing misalignment between historical protection 
standards and contemporary risk environments. This misalignment constrains both engineered 
defences and floodplain-based strategies, increasing residual and systemic flood risk when extreme 
events exceed anticipated thresholds. 

At the same time, the New Orleans case highlights how exposure growth driven by urban 
expansion can undermine flood risk reduction efforts. Figure 3 demonstrates that long-term increases 
in residential density behind flood defences have amplified potential losses when protection fails, 
reinforcing the well-established paradox of protection. These findings underscore that flood risk is 
not solely a function of hazard intensity, but is actively produced through spatial planning decisions 
and governance choices that shape exposure and vulnerability over time. 

Across both cases, floodplains emerge as governance-dependent interventions rather than 
inherently protective landscape features. Where floodplain space is constrained by development 
pressures, ecological degradation, or insufficient maintenance, its capacity to attenuate flood risk is 
significantly reduced. Moreover, fragmented institutional responsibilities and limited integration 
between land-use planning, infrastructure management, and community engagement further restrict 
the long-term effectiveness of floodplain strategies. 

From a disaster risk reduction perspective, the results suggest that the key policy challenge is 
not whether floodplains should be restored, but how they are governed under competing land-use 
demands and climatic uncertainty. Effective floodplain-based risk reduction requires adaptive 
governance frameworks that regularly reassess design baselines, actively manage exposure growth, 
and ensure coordination across sectors and scales. Without such integration, floodplains risk 
becoming symbolic policy elements rather than functional components of urban flood risk 
management. 

By demonstrating how similar flood outcomes can arise from different physical and institutional 
contexts, this study contributes transferable insights for flood risk governance beyond the two cases 
examined. For IJDRR’s broader agenda, the findings highlight the importance of moving beyond 
technical or nature-based solutions alone and towards place-based, adaptive approaches that 
explicitly address governance capacity, social equity, and long-term risk dynamics in an era of climate 
change. 
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