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Abstract

New Zealand cities are shaped by a history of natural hazards. Climate change has amplified
these risks, increasing frequency, intensity, and destructiveness, demonstrated by the
nationwide impacts of Cyclone Gabrielle and the 2023 Auckland Anniversary Weekend floods.
Utilising anonymous cross-sectional survey and network analysis, this study responds to an
existing knowledge gap to investigate the interrelationships between the perceived flood risk
and perceived urban flood resilience using selected residential suburbs in Auckland, New
Zealand, to support better alignment between urban residents’ needs and expectations for
policymaking and implementation. Our study provides novel insights through identification of
a Flood Resilience Perception cluster characterised by statistical associations between
perceived flood risk and perceived urban neighbourhood flood resilience, namely, perception
of safety from flooding, trust in local authorities, rainfall worry, distance from flooding source,
perceived sufficiency in emergency response, and provision or receipt of assistance during
flooding. These interrelationships indicate cognitive, behavioural and informational,
sociocultural, and geographic and physical mediators collectively shape the perception of flood
risk and resilience at the neighbourhood scale, supported by integrated quantitative and
qualitative analyses. Our findings highlight opportunities for greater dialogue between
residents and decision-makers through participatory flood risk governance, noting the gap
between residents’ low awareness of existing digital flood risk communication tools and efforts

to seek flood-related information, that can be addressed through improved engagement with
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existing public-facing flood risk provisions. The analysis pipeline is freely available and
designed for use in territorial jurisdictions in Aotearoa New Zealand and internationally to

gauge community flood resilience.

Keywords: Climate Change, Flood Risk Perception, Resilience Investment, Neighbourhoods;

Aotearoa New Zealand; Urban: SDG6; SDG11; SDG13; Sustainable Cities and Communities

1. Introduction

Urban neighbourhoods worldwide continue to face significant flood risk exacerbated by
environmental changes, consistent with findings from the Intergovernmental Panel on Climate
Change (IPCC) including the IPCC Sixth Assessment Report (IPCC AR6), the United Nations
World Water Development Report 2024, and the National Aeronautics and Space
Administration (NASA) collectively observing changes in atmospheric extremes such as
tropical cyclones and heavy precipitation, where variations to the global hydrological cycle are
attributed to human-induced climate change. [1-4] More specifically, the United Nations
Global Assessment Report (GAR) on Disaster Risk Reduction (2025) emphasises the rising
number of flood-related disasters since the year 2000, compared with the preceding two
decades, while global annual average losses associated with flooding are estimated to total
US$388 billion. [5] These changes and impacts are disproportionately felt by vulnerable
groups, where the increased risk to urban populations is ascribed to greater urbanisation that
decreases land surface permeability and settlement in floodplains, and worsens current water-
related vulnerabilities. [6—10] The IPCC outlines risk as “the potential for adverse
consequences for human or ecological systems...[and] results from dynamic interactions
between climate-related hazards with the exposure and vulnerability of the affected human or
ecological system”. [11] In comparison, resilience is defined as “the capacity of interconnected

social, economic and ecological systems to cope with a hazardous event, trend or disturbance,
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responding or reorganizing in ways that maintain their essential function, identity and structure.
Resilience is a positive attribute when it maintains capacity for adaptation, learning and/or
transformation”. [11] Enhancing urban neighbourhood flood resilience is inherent to multiple
United Nations Sustainable Development Goals (SDGs), most notably (SDG) 11 promoting
the enhancement of inclusion, safety, resilience, and sustainability for cities and human
settlements intersects closely with the tenets of SDG 13 advocating for urgent action to combat
climate change and its impact, and SDG 6 supporting availability of sustainable management
of water and sanitation for all. [12—14] International policy frameworks including the Sendai
Framework for Disaster Risk Reduction (2015), the Hyogo Framework for Action, and 2030
Agenda for Sustainable Development are unanimous in their call for the reduction of risk of
disasters that underpins sustainable development, where core recommendations also centre on
the importance of investing in resilience to mitigate the effects of disasters, debt, and un-

insurability. [15-17]

Historical records demonstrate that earthquakes, flood, and fire have shaped the national story
of New Zealand since the colonial era. [18,19] Although the damage incurred by earthquakes
garnered national and global attention in recent years, the risk posed by flooding has resulted
in major impacts for urban communities across the country. More centralised emergency
planning and localised implementation is needed, focusing on flood and superstorm events to
enhance community safety. [20] The Auckland Anniversary Weekend floods and Cyclone
Gabrielle that occurred in February 2023 wreaked destruction across the country’s North Island
including the city of Auckland. Heavy rainfall, wind, and flooding following the preceding
Auckland Anniversary Weekend flood led to the declaration of a national state of emergency.
[21] Reports by the New Zealand Infrastructure Commission identify the January 2023
Auckland Anniversary weekend storm as an extreme rainfall event and highlight critical

linkages between stormwater management and land-use planning, noting interdependencies
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between water, telecommunications, waste, and transport infrastructure networks that
contribute to resilience. [22] The city received 160 mm of rain in six hours and approximately
245mm of rainfall in 24 hours, exceeding the previous 24-hour rainfall record of 161 mm set
in 1985. Four deaths occurred as a result of the storm and flooding, while thousands of homes
were damaged from flooding and landslides. The Auckland Flood Response Review (2023)
outlines the immediate aftermath of the flood that saw major transport and infrastructure
disruption, mass evacuation, and loss of life and property. [20] The report highlights broad
challenges in managing extreme weather patterns, particularly that advance warnings of
prospective flash flooding may only be provided a few hours or minutes before the event, while
variation in local geology combined with the scale of urban development accordingly result in
a greater presence of soils with limited natural storage capacity and impervious surfaces.
Moreover, vulnerable communities are commonly unable to cover the costs of their own flood
protection measures, while experiencing a more frequent combination of climate change
weather patterns. National-level reports from recent years have adopted an increasing focus on
building resilience to climate, with greater attention to flooding hazards, including the National
Adaptation Framework (2025) that will feature a new National Flood Map, the Long-Term
Insights Briefing (2025), and the development of two new standards relating to natural hazard

risk analysis and flood hazard modelling by Standards New Zealand. [23,24]

Informed by these myriad drivers, the objectives of this study are to: (i) examine the
associations between perceived flood risk and perceived flood resilience, employing a range of
indicators (cognitive, behavioural and informational, sociocultural, geographic and physical,
and demographic factors) drawn from established international theoretical frameworks and
discourse; and (i1) employ integrated quantitative and qualitative analyses to elucidate the

needs, expectations, and priorities of urban residents following the Auckland Anniversary



98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

Weekend Floods and Cyclone Gabrielle, and who are also confronting ongoing the risk posed

by evolving extreme weather conditions and climate change.

1.1 Relevant Theoretical Principles and Frameworks

1.1.1 The Risk Perception Paradox and Paradigms

Flood risk perception (FRP) is commonly defined as “assessment of the probability of hazard
and the probability of the results (most often — the negative consequences” as perceived by
communities, constituting a vital element of flood risk management (FRM).[25,26] Global
reports from the United Nations and the World Economic Forum draw attention to the role of
risk perception in shaping how actions are prioritised, acknowledging that perceptions indicate
individual and collective values that are important for addressing projected long-term
ecological, economic, and societal implications from various hazards. [27,28] However,
Wachinger et al (2012) present the risk perception paradox that exists in assuming that high
risk perception leads to individual preparedness and risk mitigation behaviours, instead
revealing that individuals with high risk perception may opt not to undertake these measures
due to a number of complex, contextual factors such as level of trust in local authorities and
ability to recall damage from previous events or disasters. [29] Nevertheless, Burns and Slovic
(2012) focus on understanding public responses to crises to inform more aligned risk
management and communication strategies, especially the development of public messaging
based on cultural and demographic context as well as acknowledging emotional responses, to
reduce avoidance behaviours by individuals and communities when confronted by various
crises or disasters. [30] Underpinning these ideas, Kasperson et al (1988) propose a conceptual
framework featuring the Social Amplification of Risk to systematically link technical risk
assessment with psychological, sociological, and cultural processes that inform risk perception

and risk-related behaviour. [31] These views are elaborated on through subsequent studies
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further confirming the role of cognitive and affective mechanisms including emotions, trust,
and perceived risk in influencing private citizens’ behaviours across different global regions.
[32-36] Such approaches contribute to the development of more integrated disaster risk
management particularly for extreme weather and climate change, propagated by numerous
initiatives including the United Nations Framework Convention on Climate Change

(UNFCCC). [37]

Within the field of flood risk perception, two central theoretical paradigms for investigating
flood risk perception are identified as rationalist and constructivist. Rationalist methods are
based on modelling and prediction, while constructivist approaches adopt the view that threats
are social constructs, where scholars have come to argue that social factors have not received
sufficient scholarly attention. Tierney (1999), Birkholz et al (2014), and Lechowska (2018,
2022) amongst others, promote a constructivist approach to address the social-cultural factors
such as vulnerability, capacity, and resilience in flood risk management. [32,38,39] A
proliferation of contextual FRP studies have taken place in recent years, connecting property
level flood protection (PLFP) with the role of flood risk perception in climate risk management
in Canada and England. [40—45] Other studies also offer insights from non-Western cultural
contexts, noting the investigation by Adelekan and Asiyanbi (2015) promoting measures to
address the social aspects of FRP for vulnerable communities in Lagos, Nigeria, beyond purely
structural responses, while Rana et. al. (2020) emphasises the role of previous experiences and
hazard proximity in flood risk perception for urban communities in Pakistan. [46,47] Across
these studies, a common recommendation is for future research to investigate the
interrelationships between the factors that shape FRP, specifically calling for greater

cooperation between the social and natural science disciplines. [26,48]

1.1.2 Key Shifts from Structural Resilience to integrating Non-Structural Resilience Strategies



146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

The United Nations Office for Disaster Risk Reduction (UNDRR) defines structural measures
as “any physical construction to reduce or avoid possible impacts of hazards, or in the
application of engineering techniques or technology to achieve hazard resistance and resilience
in structures or systems” whereas non-structural measures are “measures not involving physical
construction which use knowledge, practice or agreement to reduce disaster risks and impacts,
in particular through policies and laws, public awareness raising, training and education”. [49]
Studies from previous decades focus on social-ecological resilience frameworks, premised on
community capacity for adaptation, including seminal research by Holling (1973) and Folke
(2006) that traces the development of socio-ecological resilience, with a particular attention on
the agency and interaction of human actors with wider ecological systems, encompassing
adaptive capacity and governance that is central to FRM decision-making currently and in the
years to come. [50-53] Further research including bibliometric review of FRM discourse
reveals a concerted shift towards adopting flood resilience management strategies characterised
by embedded sustainability goals and adaptive FRM practices that are responsive to dynamic
environmental conditions and lessons from previous experiences. [54,55] Over the years,
researchers have sought to examine the impacts of the Safe Development Paradox (SDP) and
the ‘levee effect’ whereby disaster risk reduction initiatives including structural and non-
structural protection measures can instead result in heightened long-term risk due to a false
sense of security among vulnerable communities or increased development in floodplains for
example. [56—59] While environmental phenomena influence flood events, human perception
is strongly shaped by flooding frequency, distance to flood source, availability of flood risk
information, and financial provisions. [38,60—62] Thaler and Hartmann also point out that these
considerations bear implications for more just and equitable FRM practices, with reference to
different approaches undertaken in Europe. [63] These findings draw attention to the

ineffectiveness of solely focusing on structural measures (e.g. flood walls, embankments) that
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can result in maladaptation, whereas a more holistic integration with non-structural measures

based on public participation is urgently required.

1.1.3 National Perspectives from Aotearoa New Zealand

National implications for contemporary climate governance have constituted a significant topic
for researchers examining the multilayered composition of natural hazards including pluvial
flooding, in Aotearoa New Zealand, acknowledging the presence of low-frequency high-impact
hazards that bear major nationwide consequences. [19] The work of Lawrence, Quade and
Becker (2014) focused on the Hutt Valley region of New Zealand and clarified clear linkages
between FRP and the effectiveness of adaptation measures in response to climate change,
through communication of information and public expectations of flood risk manager response.
[64] Findings revealed that previous experience of flooding shapes FRP and tolerance of
flooding, while households who with no prior experience of flooding tended to be more
optimistic about future flooding event, in addition to evident risk transfer expectations of
households to public authorities for reducing the risk of flooding. More recently, Auliagisni et
al (2022) promote participatory models of inclusive, community-based flood-risk mapping to
enhance risk communication strategies and existing social networks that contribute to greater
community resilience, using the case study of Northland, New Zealand. [65] The authors stress
that community knowledge and experience of flooding can further inform future FRM policy
development. However, Bajestani et al (2024) and Fu et al (2023) also acknowledge that
insufficient national FRM has led to inadequate attention on FRP in the development of risk
information and communications. [66,67] The latter study specifically examines residual risk,
outlined as ‘the risk remaining after implementing risk reduction measures’ where a
contributing factor is the levee effect, albeit targeting local government representatives and
flood risk management consultants. [67] Taking a wider lens, Jayawardena et al. (2026)

examine the socioeconomic dimensions of climate hazard and risk perception in Auckland New



196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

Zealand, with reference to diverse urban neighbourhoods experiencing flooding and landslide

risk. [68]

Acknowledging the vast discourse and notable studies that have driven contemporary
individual and collective responses to urban flooding, an existing knowledge gap lies in
investigating the associations between perceptions of flood risk and flood resilience.
Examining what shapes these perceptions aids our understanding of the cognitive,
sociocultural, behavioural and informational, geographic and physical, and demographic
mediators that inform resident needs and expectations for achieving greater urban-scale flood
resilience and further contributes towards wider urban DRR initiatives and sustainability goals.
There is a heightened need to examine the interplay of these factors using localised case studies
to reveal the priorities for urban residential neighbourhoods following major flooding
disruption and who are facing increasing risks due to climate change. This study employed an
anonymous survey questionnaire to investigate: (i) interconnections between flood risk
perception (FRP) and perceived neighbourhood flood resilience for residential neighbourhoods
in Auckland New Zealand following the 2023 Auckland Anniversary Weekend floods, and (ii)
needs and expectations of residential communities for enhancing neighbourhood flood
resilience. With reference to key principles from existing discourse, the survey questionnaire
was devised using the themes of past experience, future flood risk, recommended
improvements, and demographic data. Investigating the associations between perceived flood
risk and flood resilience can reveal the role of multiple, varied factors to ultimately inform
targeted and context-specific decision-making. Preceding research investigating the factors
underpinning community flood risk perception acknowledge that FRP does not necessarily
reflect true flood risk, hence the findings from this study are intended to support greater
dialogue between urban residents and decision-makers, to eventually help address common

public flood risk misperception, and to offer a basis for greater exploration of resilience
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perception to reveal public risk tolerance and willingness to pay for risk reduction. [25,38]

[69,70]

2. Methods

2.1 Study Area

The study area encompasses two distinct residential suburbs in Auckland, New Zealand,
namely Mount Eden and New Lynn. The city of Auckland is the country’s most populous
centre, with approximately 1,571,718 people (2018), and is situated on an isthmus between the
Waitemata Harbour and the Manukau Harbour, in the North Island of New Zealand (Figure 1).
[71] Criteria for the selection of the study area is as follows: (i) Documented impact: both
suburbs are situated within areas in Auckland identified as the most severely affected during
the 2023 floods, indicated by high numbers of ‘stickered’ buildings across the territorial
authority wards (Mount Eden located within the Albert-Eden-Puketapapa Ward and New Lynn
located within the Waitakere ward) (i) Current exposure: both suburbs are identified to be at
risk of flooding, containing flood-plains, flood-prone areas, and overland flow paths indicated
by territorial authority flood maps; and (iii) Established residential neighbourhoods: featuring
a mixture of dwelling types and that have featured increasing urban intensification as part of

regional planning reforms in recent years [72][73-77]
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Auckland

Key

:'_-_-_-_-E Survey Area
Overland Flowpath

Figure 1: Contextual mapping of flood prone survey area in Auckland, New Zealand.
Mapping regions are (a) Auckland Isthmus, and the two survey neighbourhoods, (b) New
Lynn, and (c) Mount Eden. Flood prone regions are annotated with blue shading with
Flood plain and Flood prone areas coloured dark blue and light blue respectively. Dotted
red outlined areas represent survey boundaries. Flooding data from the Auckland Council
Open Data, last updated 2025, Base map data from Land Information New Zealand
Auckland 1m Lidar 2024, Land Information New Zealand Building Outlines, Land
Information New Zealand Road Centrelines.
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2.2 Survey Design

Survey invitations were distributed by mailbox drop to the residents and contained a QR-code
link to the online questionnaire. Community organisations were also contacted and assisted in
the circulation of survey invitations via social media pages. Exclusion criteria for participants
was age (i.e. participants were required to be 18 years of age and over to participate in the
online survey). Our research objectives focused on neighbourhood perceptions of flood risk
and resilience, and the corresponding policy implications, which are closely influenced by
residents with agency for household decision-making and responsibility for actioning practical
household flood mitigation measures (e.g., homeowners, renters, and taxpayers). Using the
Qualtrics platform, ‘skip-logic’ questions were also introduced to reduce respondent survey
fatigue. For example, Question 6 included this feature to ensure that only those respondents
who experienced flooding in 2023 were requested to provide further details relating to specific

damage incurred.

The indicators used in this study were informed by existing discourse, documenting their role
in FRP and urban disaster resilience. The indicators for this study included reference to
rationalist (modelling, characterising, predicting) and constructivist (socially constructed)
paradigms informing FRP (Table 1): (i) Cognitive factors such as ‘rainfall worry’ and
‘perceived safety’ to measure the psychological impacts arising from the 2023 floods; (ii)
Behavioural and Informational factors such as ‘past experience’ including impact on
neighbouring properties and community facilities, planning to implement household-level
changes following the 2023 floods to explore the role of previous flooding events in shaping
resident responses, awareness and access of digital tools used to monitor or respond to
neighbourhood flood risk; (iii) Sociocultural factors such as ‘trust in local authorities’,
‘perceived sufficiency of emergency flooding response’, ‘perceived urgency of government

response’ were developed to investigate social resilience that is required for successful flood
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risk management (iv) Geographic and Physical indicators such as ‘distance from flooding
source’ and ‘dwelling type’ were employed to examine the perceived risk in relation to the
physical context of residing in the selected flood-prone suburbs and (v) Demographic factors

such as age, gender, ethnicity, residential status (e.g. homeowner, renter, family home), length

of time lived at the current residence, size of household.

Table 1: Development of indicators and survey questions

Survey Indicator Categories and
Empirical Evidence

Survey Questions

Cognitive: Worry about rainfall and any potential
future neighbourhood flooding; Perception of
safety from neighbourhood flood risk; Perception
of neighbourhood flood resilience

[30,32,34,78-81]

How worried do you feel about rainfall and any potential future
flooding in your neighbourhood?

On ascale of 1-10, how safe do you feel from the risk of flooding
in your neighbourhood (with 1 being least safe and 10 being very
safe)?

How would you rank your neighbourhood flood resilience (1
being Low Resilience and 10 being High Resilience)

Behavioural and Informational: Causes of the
Auckland Anniversary Weekend flooding in 2023;
Planning to make any residential changes after the
Auckland Anniversary Weekend floods in 2023;
Impact to property, neighbouring properties or
nearby community facilities; Awareness and use
of digital tools used to monitor, record, or respond
to neighbourhood flood risk; Trust in local
authorities and  emergency  management
organisations; Access to information regarding
neighbourhood flood risk

[78,79][30,32,34,80]

What were the causes of the Auckland Anniversary Weekend
flooding in 20237 - Selected Choice

Did you make, or are you planning to make any changes to your
home after the Auckland Anniversary Weekend floods in 2023?
Please indicate if applicable: - Selected Choice

Was your property, neighbouring properties or nearby
community facilities (e.g. shops, community centre) affected by
the Auckland Anniversary Weekend floods in 2023?

Are you aware of any digital tools or technologies that are used
to monitor, record or respond to flood risk in your
neighbourhood?

On a scale of 1-10, how much do you trust local authorities and
emergency management organisations to mitigate flood risk (1
being low trust and 10 being high trust)

Have you previously tried to access to information on flood risk
in your neighbourhood?

Sociocultural: Assisting friends or neighbours in
recent flooding; Perceived sufficiency of
neighbourhood emergency flooding response;
Perceived urgency of government perception of
neighbourhood flood risk

[78,79,82]

Did you assist friends or neighbours in recent flooding, or were
you assisted by friends of neighbours?

In your opinion, was there a sufficient emergency flooding
response in your neighbourhood?
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How urgent do you think government organisations perceive
flood risk in your neighbourhood?

Geographic and Physical: Perceived distance
between residence and source of flooding; Site

[78,79][80][81]

What is the approximate distance between your residence and
the source of the flooding (with 1 being close and 5 being far?)

Demographic: Age; Gender category; Ethnicity;
Dwelling type; Residing on ground floor;
Residential status (e.g. homeowner, renter);
Length of time lived at current residence;
Household size (number of occupants)

[78-81]

Surveys were administered online through the Qualtrics platform (Qualtrics: 03, 2024, 2025).
Survey questions were designed to evaluate the interrelationships between cognitive,
socioeconomic and demographic, geographic, informational, and contextual factors, using
themes of: themes of: past experiences (e.g. occurrence of flooding, emergency response and
support), future flood risk (e.g. perception of safety from flood risk, awareness of publicly
available information for flood preparedness), recommended improvements for enhancing
flood risk response and resilience, in addition to demographic data (e.g. gender, age, ethnicity,
residency status, dwelling type and number of inhabitants). Survey questions offered multiple-
choice responses including Likert scale ranking and open-ended response fields to enable

qualitative responses. Participants had the opportunity to enter a random prize draw upon

completion of the survey.

What is your age range?

Which of the following gender categories best describes how
you self-identify?

What is your ethnicity? - Selected Choice

What kind of home do you live in?

Do you live on the ground floor or higher?

What is your residential status? - Selected Choice

How long have you lived at your current residence?

How many people live in your household (including you)?

2.3 Survey Data Collection and Bias Mitigation
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The survey was distributed to participants during June 2024 and September 2024. Participants
were informed of the study purpose using a survey invitation and participation information
sheet before commencing the survey. The approximate time required to complete the survey
was 15 minutes. The survey was pilot tested with a single neighbourhood block in New Lynn
where 190 survey invitations were distributed in June 2024 to assess response rate.
Acknowledging that survey questions such as indicating the level of trust in local governments
can be sensitive, survey responses were gathered anonymously, and participants were informed

that all data would be anonymised to support honest responses.

2.4 Ethics, Consent, Data Protection

Ethics approval was received for facilitating simultaneous distribution of invitations for
anonymous, online neighbourhood survey questionnaires within two selected neighbourhood
suburbs in Auckland, New Zealand. The study was approved by the Auckland University of
Technology Ethics Committee (AUTEC) with approval number 24/141.Before commencing
the survey, all participants were required to read the participation information sheet where they
were informed that survey responses indicated their consent. The participation information
sheet included the study aims, methods of data collection, and the right to withdraw at any time
without incurring any penalties. The participation information sheet also informed participants
that survey responses would remain confidential and anonymous. Survey responses were

anonymised before data analysis to protect participant identities.

2.5 Statistics and Reproducibility

Data analysis and plots were undertaken using Python (version 3.9.19; Python Software
Foundation 2025). Summary and descriptive statistics were calculated to evaluate survey
responses. To assess the associations between all pairwise combinations of responses, a series

of statistical tests were employed, including the Kruskal-Wallis H test was used nominal-



307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

numeric comparisons, Cramér’s V was used for nominal-nominal comparisons (with
significance determined using the Chi-squared test), and Spearman’s rank correlation
coefficient (rho) was used for numeric-numeric comparisons. For all tests, significance was
defined as a g-value of less than 0.05, with multiple comparisons applied using the Benhamini-

Hochberg technique. [83,84]

2.6 Network Analysis

These significant associations between features described above were explored using a network
analysis approach whereby survey questions were represented as nodes with significant
associations between them as edges. Networks were saved as graphml format and visualised

using Cytoscape 3.10.3 software. [85]

2.7 Qualitative Data Analysis of Open-Ended Questions

NVivo 15 software was used to analyse responses to analyse five open-ended survey questions
(Q6,0Q16,Q21,Q27,Q28, in Supplementary Data 1). [86,87] Individual responses to the open-
ended survey questions were classified using keyword codes using a grounded theory approach.
These codes were subsequently sorted into thematic categories in order to extract

commonalities and differences across the survey responses.

2.8 Data Availability

Data is available upon reasonable request to the corresponding author.

2.9 Code Availability

All analysis code is freely available on GitHub at https://github.com/stacyvallis/flood survey

3. Results
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3.1 Significant Associations between Perceived Flood Risk and Perceived Flood

Resilience

To identify the factors that underpinned perceived flood risk and perceived flood resilience, we
performed a neighbourhood survey in 2024 in two urban neighbourhoods New Lynn and Mount
Eden that were impacted by flooding in 2023. A total of 2,500 survey invitations were
distributed across both neighbourhoods, with 1,500 survey invitations in New Lynn and 1,000
survey invitations in Mount Eden. The survey contained questions that relate to their personal
flood risk perception, neighbourhood resilience, and common confounding variables (Table
S1). Mailbox distribution of survey invitations was supported by advertisement on the
Community Waitakere Facebook page and posters in local businesses. The survey yielded a
response rate of 4.0% in New Lynn and 7.3% in Mount Eden, with an overall response rate of
5.3%. A total of 40 out of 133 responses (30.1%) were excluded from the survey where no age
range or zone was selected in the survey responses as per the exclusion criteria. The majority
(54.84%) of respondents out of 93 were in the 35-54 age range, and the survey respondents
were not biased by the respondents’ identified gender (proportion test, effect size, p-value),
with respondents identifying as male (n=36), female (n=47), and another gender (n=2) (Table
2). Of the respondents, there were New Zealand European (69.89%), Asian (4.30%), Maori
(2.15%), Pacific (1.08%), and Other (15.05%). Most respondents reported owning their home
(63.4%) and living in a detached dwelling (75.3%). The average household size was 3.03
individuals (£ 1.16 SD). Across both neighbourhoods, 72.0% of respondents (67/93) reported
experiencing or observing flood-related damage to their own property, neighbouring homes, or

nearby community infrastructure (e.g. shops, community centres).

Our results demonstrate that perceived resilience is not an isolated factor but is highly
connected with cognitive factors (e.g. rainfall worry, perception of safety), behavioural and

informational factors (e.g. trust in local authorities), sociocultural (e.g perceived sufficiency in



353 flooding response, provision or receipt of assistance during flooding), and geographic and
354  physical factors (e.g. distance from flooding source). Demographic factors such as age and
355 gender did not significantly correlate with perceived resilience. When asked about the
356  participants’ FRP, on a scale of 1-10, perception of safety on average was 6.37 + 2.97, while
357 the average reported neighbourhood flood resilience was 4.92, + 2.64. A total 0f 27/93 (29.0%)
358 of respondents reported feeling ‘partly worried’ about rainfall and potential future
359  neighbourhood flooding, while 14/93 (15.1%) reported feeling ‘very worried’, and 25/92
360  (26.9%) reported feeling ‘not worried’. Significant associations between FRP and perceived
361 neighbourhood resilience arose through perceived safety from flooding, rainfall worry,
362 reported levels of trust in local government authorities to manage flooding, distance from
363  flooding source, perceived sufficiency of emergency flooding response, and residents reporting

364  providing or receiving assistance during flooding.

365  Table 2: Summary statistics of survey responses (1=93)

Count/Percentage

Question Response of Total Sample

What were the causes of the Auckland Anniversary

Weekend flooding in 2023? - Selected Choice Unanswered 8/93 (8.6%)
Heavy rainfall 83/93 (89.2%)
Other (please specify) 62/93 (66.7%)
Building on floodplains 63/93 (67.7%)
Overflowing waterways 67/93 (72.0%)

Did you make, or are you planning to make any changes

to your home after the Auckland Anniversary Weekend

floods in 20237 Please indicate if applicable: - Selected

Choice Unanswered 34/93 (36.6%)
Clearing rain gutters 31/93 (33.3%)
Reducing paved areas/impermeable
surfaces 7/93 (7.5%)
Other (please specify): 34/93 (36.6%)
Adding stormwater tanks 6/93 (6.5%)

What is your age range? 18-34 15/93 (16.13)
35-54 51/93 (54.84)
55-74 24/93 (25.81)
75-84 3/93 (3.23)

Was your property, neighbouring properties or nearby

community facilities (e.g. shops, community centre)

affected by the Auckland Anniversary Weekend floods in

20237 Yes 67/93 (72.04)

No 18/93 (19.35)



Unsure 7/93 (7.53)
Unanswered 1/93 (1.08)

Did you assist friends or neighbours in recent flooding, or

were you assisted by friends of neighbours? Yes 41/93 (44.09)
No 46/93 (49.46)
Unsure 1/93 (1.08)
Unanswered 5/93 (5.38)

In your opinion, was there a sufficient emergency

flooding response in your neighbourhood? Yes 28/93 (30.11)
No 36/93 (38.71)
Unsure 25/93 (26.88)
Unanswered 4/93 (4.30)

How worried do you feel about rainfall and any potential

future flooding in your neighbourhood? Not Worried 25/93 (26.88)
Partly Worried 27/93 (29.03)
Worried 21/93 (22.58)
Very Worried 14/93 (15.05)
Unanswered 6/93 (6.45)

How urgent do you think government organisations

perceive flood risk in your neighbourhood? Not Urgent 41/93 (44.09)

Somewhat urgent
Moderately Urgent

31/93 (33.33)
12/93 (12.90)

Very urgent 3/93 (3.23)
Unanswered 6/93 (6.45)

Are you aware of any digital tools or technologies that

are used to monitor, record or respond to flood risk in

your neighbourhood? Yes 22/93 (23.66)
No 63/93 (67.74)
Unsure 2/93 (2.15)
Unanswered 6/93 (6.45)

Have you previously tried to access to information on

flood risk in your neighbourhood? Yes 48/93 (51.61)
No 39/93 (41.94)
Unanswered 6/93 (6.45)

Which of the following gender categories best describes

how you self-identify? Male/Tane 36/93 (38.71)

Female/Wahine

47/93 (50.54)

Another Gender/ He ira k& and 2/93 (2.15)
Unanswered 8/93 (8.60)
What is your ethnicity? - Selected Choice New Zealand European 65/93 (69.89)
Maori 2/93 (2.15)
Pacific 1/93 (1.08)
Asian 4/93 (4.30)
Other (Please state) 14/93 (15.05)
Unanswered 7/93 (7.53)
What kind of home do you live in? A (e.g. Apartment) 3/93 (3.23)

B (e.g. Row/Terrace home)
C (e.g. Detached house)
Unanswered

13/93 (13.98)
70/93 (75.27)
7/93 (7.53)

Do you live on the ground floor or higher?

Unsure
Ground Floor
Higher than Ground Floor

2/93 (2.15)
71/93 (76.34)
12/93 (12.90)
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Unanswered

8/93 (8.60)

What is your residential status? - Selected Choice Homeowner 59/93 (63.44)
Renter 18/93 (19.35)
Family Home 8/93 (8.60)
Unanswered 8/93 (8.60)

How long have you lived at your current residence? Less than 1 year 2/93 (2.15)

1-5 years 29/93 (31.18)
6-10 years 14/93 (15.05)
11-15 years 10/93 (10.75)
16-20 years 9/93 (9.68)
20 years+ 22/93 (23.66)
Unanswered 7/93 (7.53)
Site New Lynn 38/93 (40.86)
Mount Eden 55/93 (59.14)

On a scale of 1-10, how safe do you feel from the risk of
flooding in your neighbourhood (with 1 being least safe
and 10 being very safe)? Mean (SD) 6.37 (2.97)

What is the approximate distance between your residence
and the source of the flooding (with 1 being close and 5
being far?) Mean (SD) 2.20 (1.14)

On a scale of 1-10, how much do you trust local

authorities and emergency management organisations to

mitigate flood risk (1 being low trust and 10 being high

trust). Mean (SD) 3.93 (2.22)

How would you rank your neighbourhood flood
resilience (1 being Low Resilience and 10 being High

Resilience) Mean (SD) 4.92 (2.64)
How many people live in your household (including
you)? Mean (SD) 3.03 (1.16)

To identify the relationships between responses within the survey, we employed a network
analysis approach where each node represents one of the 18 quantitative survey questions and
each edge represents a significant relationship between the survey question responses (Chi-
squared, Spearman, and Kruskall-Wallis tests for categorical-categorical, numeric-numeric,
and numeric-categorical associations respectively) (Figure 2, Table S2). Of the 210 pairwise
comparisons between the twenty-one survey quantitative questions that had categorical or
numeric format answers and one site variable (New Lynn or Mount Eden), there were thirty-

four significant relationships (Figure 3, Table S2).
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Site

Zone (Q2)

Type of Home (Q22)

Flood Resilience Perception Cluster Gender (Q18)
,,,,,,,,,,,,,,,,,,,,, L Residential Status (Q24)

i Time lived in Household (Q26)
Awareness of Flood Related

Digital Tools (Q14)

Age (Q1)

Flooding Assistance (Q8) Peaple in Household (Q25)

Distance from Flooding Source Affected by Flooding (Q5)
(Q7) Neighbourhood Flood
Resilience (Q13)

Perceived Safety from Rainfall worry (Q10) Nodes = Survey question
Flooding (Q3} Edges = Significant relationship

Sufficient Neighbourhood

’ Node color = Survey question categorisation:
Flooding Response (Q9)

Trust in Local Authorities to Cognitive

Manage Flooding {Q12) Behavioural and informational
Sociocultural

Geographic and physical
Percieved Goverrnment .
Urgency (Q11) Demographic

Figure 2: Significant relationships between survey question responses. Network nodes are
survey questions and edges are monotonic significant associations between them pairwise
(Kruskal-Wallis, chi-squared, or Spearman, q<0.05). Shorthand questions are presented, and
full question are available in supplementary data.

Two response groups emerged from the network. A cluster containing factors such as Age (Q1),
Gender (Q13), Number of People in Household (Q25) or Type of Home (Q22) was named the
‘Demographic cluster’. The second cluster was highly interconnected and contained factors
that were flooding resilience, named the ‘Resilience cluster’. Amongst nodes in the Resilience
Cluster are Neighbourhood Flood Resilience (Q13) with Flooding Assistance (Q8), Rainfall
Worry (Q10), Flood Risk (Q3), Perceived Sufficient Neighbourhood Flood Response (Q9),
Distance from Flooding Source (Q7), followed by Trust in Local Authorities to Manage

Flooding (Q12). Experiencing impacts of past flooding is associated with Flooding Assistance
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(Q8), Rainfall Worry (Q10), and Flood Risk (Q3). Awareness of Digital Technologies for
Reporting, Responding to Flood Risk (Q14) is associated with Flooding Assistance Q8)
(Cramer’s V= 0.52, Chi squared p < 1.47E-9). Interestingly, there was no significance found
between perceived neighbourhood resilience and type of dwelling (Q22), time lived at

residence (Q26), residential status (Q24), age (Q1) or gender (Q18).

We next sought to investigate the relationships within the Resilience cluster between FRP
factors and perceived Neighbourhood flood resilience (Figure 3). Perceived neighbourhood
flood resilience had the second highest number of connections, or degree (n = 6), of any

question revealing its collinearity with many individual survey question responses.

In order of significance, these relationships with perceived neighbourhood flood resilience
included perceived safety from flooding (Spearman rho=0.75, 1.32E-16), trust in local
authorities to manage flooding (Spearman rho=0.64, 2.40E-11), rainfall worry (Kruskall-Walls,
p=2.85E-09), distance from flooding source (Spearman rho=0.49, 7.50E-5), perceived
sufficiency in flooding response (Kruskall-Wallis, p=4.32E-4), provided or received assistance

during flooding (Kruskall-Wallis, p=4.6E-3).
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Figure 3: Perception of neighbourhood flood resilience is strongly associated with FRP
factors. (a) Summary diagram of significant associations between perceived flood resilience
and flood risk perception factors, derived from Figure 2 (b) Bar plot of significance of survey
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questions with neighbourhood flood resilience (Q13) adjusted for false discovery rate (FDR).
Numeric-numeric comparisons were measured using Spearman correlation and bars
coloured blue. Numeric-categorical comparison were measured using Kruskal-Wallis and
bars coloured green. Vertical grey line represents significance (q<0.05). The plots on the right
illustrate the significant relationships from (b). Scatter plot with fitted linear regression line
between flood resilience (Q13) and Q3, Q12, and Q7 shown in ¢, d, and frespectively. Points
represent individual observations. The solid line denotes the ordinary least squares (OLS)
regression fit, and the shaded area indicates the 95% confidence interval. Horizontal boxplots
showing the distribution of flood resilience (Q13) across Q10, Q9, and Q8 shown in e, g, and
h respectively. Each box represents the interquartile range (IQR) with the line inside
indicating the median. Whiskers extend to 1.5 times the IQR and points represent individual
observations.

3.2 Community Needs and Expectations for Urban Neighbourhood Flood Resilience

The survey results highlight urban resident needs and expectations, noting that residents have
expressed interest in a range of infrastructural measures including nature-based solutions, in
addition to more information relating to local flood risk, that can collectively enhance urban
neighbourhood flood resilience (Table 3). Survey participant observations indicate flood
impacts and damage occurring on residential properties and affecting whole neighbourhoods
including disruption to arterial streets, roads, and to local businesses. Direct quotes
encapsulating these impacts included: “Houses down the road from us were completely flooded
out and needed full renovations”, and “Neighbours, school and nearby shops were flooded with
water soaking belongings and requiring repairs.” Participants report no planned or pending
actions following flooding, due to existing compliance with local government flood risk
management strategies, in addition to cost, renter status, and no flood damage.
Recommendations for neighbourhood flood risk preparedness ranged from specific or
individual property interventions to neighbourhood scale actions (Table 3). Neighbourhood
improvement and maintenance measures were identified, while penalties for non-compliant
residential development were suggested to improve neighbourhood flood preparedness. The
uneven impacts of flooding were highlighted, including emotional trauma as a result of

significant impact on some residents and resident concerns regarding the affordability of
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emergency supplies. Current residents across both neighbourhoods acknowledged surrounding
landscape and geology as consideration for flood mitigation, together with potential impacts
from prospective high-density housing developments and the consequential loss of green

spaces.

Of 93 survey responses, 48/93 (51.61%) recorded ‘Yes’ to having previously accessed
information on neighbourhood flood risk, while 39/93 (41.94%) recorded ‘No’, and 6/93
(6.45%) did not provide a response (Table 2). Of those respondents who reported previous
attempts at accessing this information, a variety of information sources are included (Table 3).
Government organisations (local and national) constituted a common source of information,
where commonly consulted resources were existing residential property records and the
Auckland Council Flood Viewer tool. Historical records, word of mouth, and media (including
web searchers, news and social media channels) were also cited as sources of information for
neighbourhood flood risk. Advice was also sought from building industry professionals and

international companies.

Table 3: Thematic coding for open-ended responses

Question

number Question Response code Frequency
Property File Documents E.g. Land Information
Memorandum
7/93
Local Government Website including GIS and
In the context of “Question  Flood Risk Viewer 26/93
16: Have you previously
tried o access to General Web Sources 3/93
information on flood risk in _Word of Mouth 1/93
Q17: your neighbourhood?”, “If  Local Government 4/93
) you responded yes to the General Flood Maps 3/93

previous question, please - —
indicate where you may National Sources E.g. Civil Defence or Natural

access information on flood _ Hazards Commission 5/93
risk in Auckland?” International Companies 1/93
Historical Record 1/93

Media including News and Social Media
Channels 2/93

Professional Advice 1/93



Community Welfare and Support Organisations

1/93
General damage to neighbouring properties 25/93
In the context of "Question General damage to roads and streets 6/93
6: Was your property, Residential damage to backyard or front yard 9/93
neighbouring pr_opertin_eg or  Residential damage to garages 9/93
nearby community faC|_I|t|es Residential damage to basements 6/93
(e.g. shops, community - -
centre) affected by the Residential damage to home 10/93
QT: Auckland Anniversary Damage to personal belongings 5/93
' "\_Neekend floods in 2023",  pamage to community facilities e.g. public
if you responded yes to the  pjaces or shops or businesses 12/93
previous question, could - -
you specify the type of Drains overflowing 6/93
damage that has occurred ~_ Fallen tree 2/93
and has this been resolved  Damage Resolved 15/93
since the flooding? Damage Unresolved 1/93
Resolution Statues Unclear 6/93
Acquire Pumps 2/93
Add Stormwater Tanks 3/93
Adding or Amending Planting 2/93
Alter Boundary Fence 1/93
Clear Drain 4/93
Clearing Garden 1/93
Clearing Gutters 29/93
Community Collaboration 1/93
In the context of Question - -
21: "Did you make, or are CQntacted Local Authority for Assistance 1/93
you planning to make any ~_Dig Water Hole 2/93
changes to your home after  Ensure Sufficient Overland Flow Paths 1/93
Q22: the Auckland Anniversary  nstall Boundary Fencing 1/93
Weekend floods in 2023?77, Install Rainoarden
“Please indicate if S - Ing - 1/93
applicable: - Other (please _Installing New Drainage System 3/93
specify): - Text” Moving Storage of Household Items 4/93
Reconsider Planned Renovation 1/93
Reduce Impermeable Surfaces 6/93
No Changes Planned 5/93
Replace Household Components or Fixing
Damage 4/93
Unable to Make Changes 2/93
Stocking Emergency Kit 2/93
Tree Maintenance 1/93
Better management of local waterways 4/93
More considered urban intensification eg do not
build at ground level 8/93
Community drain clearing and maintenance 3/93
Flood mitigation or adaptation measures for
“Are there any vulnerable homes 2/93
improvements that you like Footpath slops 1/93
Q27 to see for improving flood 4 drai > b
risk preparedness in your Improve rainage infrastructure eg better
neighbourhood? If yes, rubbish and waste management 31/93
please give examples More detention and retention tanks 1/93
More information eg current risk assessment or
emergency meeting points 8/93
More local neighbourhood interaction and
planning 1/93
More native planting on berms 1/93
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More rain gardens or wetland areas 3/93

More soakage pits in streets 1/93
More trees and improved tree maintenance 4/93
Penalties for non-compliant development 1/93
Scorer holes 1/93
Less Concrete 1/93
Street maintenance eg sweeping litter and leaves  2/93
Improved Stormwater Drainage 4/93
More Neighbourhood Planting 3/93
More Research and Dissemination 2/93
Lacking Communication to Residents 3/93
Insufficient Planning and Maintenance 1/93
Emotional Trauma 2/93
Affordability of Emergency Supplies 1/93
More Community Collaboration 2/93
Trust based on Local Community Effort 1/93
“Is there any additional Local Geology and Landscape Advantages and
Q28: information you would like  Impacts 3/93
to share?” Lacking Public Awareness 1/93
Lacking General Actions 6/93
Uneven Impacts of Flooding 2/93
Individual Residential Preparedness 1/93
Flood Risk Interventions Working Well 1/93
Flood Impacts from High Density Housing and
Loss of Green Spaces 1/93
Considerations  for Potential  Residential
Property Buyers 1/93

Responsible Recycling and Litter Management ~ 1/93

4. Discussion

Underestimating flood risk is a growing challenge for flood risk management.[26,88] Previous
studies identify a need for greater scholarly attention to address associations between
perceptions of flood risk and resilience leading to enhanced flood-risk management. [25,26,89—
91] While flood risk perception can indicate willingness to take precautionary actions against
external threats based on worry, awareness, and preparedness, resilience encompasses the
capacity for recovery and adaptation and comprises a global priority for DRR initiatives.
[15,92-96] Investigating perceived risk and perceived resilience can highlight discrepancies
between perception and reality and consequently informs the development and uptake of
context-specific risk management policies and communication strategies. Our study provides

insights by linking urban residents’ perceived flood risk (or FRP) and perceived resilience,
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considering cognitive, behavioural, sociocultural or contextual, and geographic mediators

using quantitative and qualitative analyses.

4.1 Limitations

This study presents a sample of responses using cross-sectional survey; hence it is important
not to make hasty generalisations about other neighbourhoods and potential changes in
perceived flood risk and perceived flood resilience over time. Previous research has shown that
ambiguities concerning the significance of demographic and geographic factors with FRP can
arise, especially concerning gender, age, home ownership, and distance from flooding source,
hence cultural contextualisation is important to further understand these relationships. [26] In
the reported study, gender, age, and home ownership did not display significant associations
with the perception of resilience (Figure 3a). The sample is majority homeowners (Mount
Eden 68.5%, 64.7% New Lynn), albeit consistent with 2023 census data, residing in detached
dwellings and reporting New Zealand European ethnicity. [97,98]. While pilot testing the
survey was conducted, this process did not include triangulation for cross-verification of
participant responses. Key limitations of not applying triangulation methods for the data
collection instrument in this study are in addressing potential researcher bias, validation
and enhancing contextual interpretation of participant responses, and to increase

generalisability of the findings. [99]

4.1 Perceived Flood Risk and Resilience through the lens of Worry, Awareness,

Preparedness

There is a need to investigate contextual or sociocultural influences in conjunction with
cognitive, behavioural, socioeconomic and demographic, informational, and geographic
factors that shape FRP. [26,38,100—102] To achieve this, we applied network analysis to

understand the relationships between all quantitative survey responses associating perceived
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flood risk with perceived resilience (Figure 2). The resulting network revealed two distinct
clusters, one capturing perceived resilience-related factors (Flood Resilience Perception
cluster), and the other comprising demographic characteristics. From the Flood Resilience
Perception cluster classified, we employed a qualitative analysis of the text-based responses to

the survey questions 7,17, 22, 27, 28.

Our analysis reveals that perceived neighbourhood flood resilience was highly central to the
Flood Resilience Perception cluster (degree=6). These nodes are ranked based on their
significant relationships with the central node, in the following order by significance:
perception of safety from flooding (Q3), trust in local authorities to manage flooding (Q12),
rainfall worry (Q10), distance from flooding source (Q7), perceived sufficiency in flooding
response (Q9), provided or received assistance during flooding (Q8) (Figure 3). Both selected
study areas experienced flooding during the Auckland Anniversary Weekend floods in 2023,
and a majority of survey respondents (67/93, 72.04%) reported impacts to their properties,
neighbouring properties or community facilities (Table 2). This finding aligns with existing
literature where perceptions of safety from flooding and rainfall worry informing FRP are also
highly likely to shape perceptions of neighbourhood flood resilience, and where past

experiences of flooding strongly contribute. [25,103,104]

Sociocultural factors, including social ties with people, communications networks, level of
trust in local authorities, and public protection mechanisms also moderate FRP. [25,26] This
effect is evident through previous studies where trust in local authorities is shown to be
significant where there are low individual knowledge levels of the flood threat. [103] In this
study, sociocultural influences such as trust in local authorities and emergency management
services (Q12), providing or receiving assistance during flooding (QS8), and residents’
perceived sufficiency of emergency flooding response (Q9) that traditionally define FRP, also

here connect FRP with perceived neighbourhood flood resilience. However, noting that a
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number of respondents reported relatively low levels of trust in local authorities and emergency
management organisations to mitigate flood risk (average 3.9 + 2.2), together with feeling a
degree of worry about rainfall and future neighbourhood flooding (“partly worried” (29.03%),
“worried” (22.58%), and “very worried” (15.05%)), in addition to respondents reporting
feeling “moderately safe” with high variance (average 6.4 + 3.0) and reporting moderate
resilience ranking with high variance (average 5.0, + 3.0), the findings from this study suggest
there is scope for greater engagement between neighbourhood residents and local authorities
to address any potential misperceptions relating to increasing flood risk, enhance
neighbourhood flood risk mitigation strategies, and neighbourhood flood resilience.
Respondents’ perception of sufficiency of emergency flooding response (30.11 % indicating
“Yes’ and 38.71 % indicating ‘No’) also suggests an opportunity for clearer communication of
emergency management provisions and authorities’ capacity to respond to future
neighbourhood flooding, to help clarify the nature of public expectations, residents’ roles for

property-level flood responses, and if any realignment of resources is necessary, for example.

These goals can also be achieved by enhancing the exchange of information between
neighbourhood residents and authorities, demonstrated by the relationships between worry
levels with informational factors such as awareness of flooding causes, previous access to flood
risk information, and awareness of digital tools for managing flood risk (e.g. considering digital
tools for monitoring, recording or responding to flooding). While a more indirect relationship
is observed between awareness of digital tools for recording and responding to flood risk and
perceived flood resilience, only half of the respondents reported previously attempted to access
information on neighbourhood flood risk (48/93, 51.61%) and the majority were unaware of
digital tools or technologies used to monitor, record, or respond to neighbourhood flood risk
(63/93, 67.74%) (Table 2). However, respondents reported use of the local government

geospatial maps and flood risk viewer tool to understand local flood risk, indicated in the open-
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ended Question 17, implying that employing more targeted strategies aimed at public

participation encouraging the uptake of existing resources could be valuable (Table 3).

We have shown that perceived resilience was associated with six FRP factors ordered by
significance: perceived safety, trust in local authorities, rainfall worry, distance from flooding,
perceived sufficiency in emergency flooding response (Figure 3). As expected, predictability
in behavioural response can be viewed through the positive associations between these factors.
For example, perceived neighbourhood flood resilience (Q13) was positively associated with
perceived safety from flooding (Q3). Positive associations are also evident between the former
factor and reported levels of trust in local authorities to manage flooding (Q12), and with
perceived sufficiency in flooding response (Q9). Reported distance from flooding source (Q7)
also generated a positive association with perceived neighbourhood flood resilience (Q13). In
comparison, there are negative associations between perceived neighbourhood resilience (Q13)
and reported rainfall worry (Q10), as well as between responses reporting providing or
receiving assistance from neighbours during flooding (Q8) and perceived neighbourhood

resilience (Q13).

Investigating the associations between perceived flood risk and perceived flood resilience at
the urban neighbourhood scale, our study seeks to operationalise the DRR targets and priorities
outlined by the Sendai Framework. [105] In particular, examining the factors informing
community flood risk perception demonstrates the varied cognitive as well as sociocultural
dimensions that can help inform greater people-centred DRR efforts as captured in Priority 1
of the Framework. Additionally, understanding prevailing perceptions of flood risk and flood
resilience, can highlight existing gaps or misconceptions and accordingly aid the development
of more coherent, effective DRR frameworks and governance strategies, contributing towards
achieving the aims of Priority 2. More broadly, these outcomes can also contribute towards

future preparedness measures, including public and private investment priorities to enable



544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

structural and non-structural resilience strategies, encapsulated by Priorities 3 and 4 of the
Framework. Drawing on these priorities and the findings from our study, we have proposed a

series of policy-relevant recommendations in the following section.

4.2 Policy Implications of Perceived FRP and Perceived Neighbourhood Flood Resilience

Acknowledging the multifaceted nature of resilience encompassing adaptation, transformation,
and recovery, in conjunction with the five pillars of urban resilience (natural, economic, social,
physical, and institutional resilience) a deeper understanding of perceived flood risk and
perceived flood resilience can inform more aligned, context-specific, and equitable policy
development and implementation. [106] [11,106—108] Our findings support a need for greater
dialogue between residents and local authorities, for example relating to emergency meeting
points and access to clear up-to-date guidance for flood risk management. For neighbourhood
residents, greater dialogue can further moderate current levels of perceived safety from
flooding, rainfall anxiety, and perceived sufficiency of emergency flooding response, in
keeping with the realities of the current flood risk. More closely aligning levels of true flood
risk with perceived flood risk and resilience enriches awareness of environmental realities,
encourage preparedness, followed by participation in longer-term adaptation efforts. Managing
public expectation and reliance on local authorities during future flooding can contribute

towards improved and more sustainable emergency resource allocation. [12]

Arising from the quantitative and qualitative analyses discussed in the preceding sections of
this paper, we propose the following policy-relevant recommendations to inform future
initiatives and eventual policy development: (i) coordinated development and implementation
of combined structural and non-structural flood resilience measures, including defining clearer
priorities and exploration of unintended consequences resulting from possible national urban

intensification initiatives currently in discussion [109,110][111] and (ii) adoption of
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participatory co-design strategies will be valuable to engender greater levels of trust and
facilitate more effective information-sharing of critical data resources between urban residents
and decision-makers (e.g. territorial authorities) and addressing potential misperceptions of
local flood risk; and (iii) targeted investigation and policy support to identify and minimise

barriers that might prevent residential or property-level alterations to improve flood resilience.

Conclusion

Acknowledging that risk perception does not necessarily reflect true risk and perception does
not necessarily lead to action, this study investigated the interconnections between perceived
flood risk and resilience for urban neighbourhoods in Auckland New Zealand following the
2023 Auckland Anniversary Weekend floods, where specific emphasis was placed on
understanding the nuanced needs and expectations of residential communities for enhancing
neighbourhood flood resilience. Quantitative and qualitative data analysis were employed to
investigate the socio-spatial implications emerging from the intersection of perceived flood risk
and resilience within two selected residential suburbs in the city of Auckland. Significant
findings emerging from the study demonstrate that many associations were monotonically
connected between perceived flood risk and perceived neighbourhood flood resilience,
specifically perception of safety from flooding, trust in local authorities, rainfall worry, distance
from flooding source, perceived sufficiency in emergency flooding response, and provision of

assistance during flooding, that we characterised as a ‘Flood Resilience Perception Cluster’.

The Flood Resilience Perception Cluster features a combination of cognitive, behavioural,
socioeconomic, demographic, and geographic factors. The majority of survey respondents
reported experiencing or observing impacts on personal properties, neighbouring properties or
nearby community facilities such as shops or community centres from the Auckland

Anniversary Weekend floods in 2023, and the survey results demonstrate that resident
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perceptions may appear predictable (e.g. high perceived resilience and high perceived safety
from flooding) while the combined cognitive, behavioural, sociocultural, and geographic
factors are central in targeting improved urban resilience measures. Specifically, these
mediators stress the importance of including non-structural measures based on public
participation in enhancing urban resilience to flooding, in keeping with the recommendations

from the existing discourse.

Understanding these factors can shape the development of timely and relevant public policy
initiatives to address existing misconceptions regarding flood resilience and resilience of
vulnerable residential suburbs. The associations between perceived flood resilience and trust
in authorities and providing or receiving assistance during the 2023 flooding highlights the
importance of trust-building amongst residents and decision-makers, as well as scope for
empowering households to respond proactively during future flooding. At a practical level,
greater participatory efforts, such as co-designing policies and implementation strategies would
be beneficial in enhancing public trust in authorities, deepening collaboration between
neighbourhood residents, and convey shared resident and stakeholder priorities for addressing

the growing risk of flooding, supporting broader urban DRR efforts.

The Flood Resilience Cluster characterised in this study also offers a reproducible pipeline to
further test across multiple, diverse urban neighbourhoods and governance contexts nationally
and internationally. In particular, future studies could target: (i) the administration of
longitudinal surveys prior and following flooding events in neighbourhoods across different
regions and (ii) designing and administering a survey of decision-makers and neighbourhood
stakeholders such as local authorities, emergency response teams, and community
organisations would provide a valuable comparison of needs and expectations between

multiple parties and inform a more inclusive urban flood resilience building strategies.



616

617

618

619

620

621

622
623
624
625
626

627
628
629

630
631
632
633

634
635
636

637
638
639

640
641
642
643

644
645
646

647
648
649

Acknowledgements

We thank the School of Future Environments at Auckland University of Technology and survey

participants for supporting this project. This research was funded by the School of Future

Environments Contestable Funding Round 2024. We would like to acknowledge Carrig

Conservation Limited for their guidance.

References

1]

2]

[3]

[4]

[5]

[6]

[7]

8]

Caretta MA, Mukherji A, Arfanuzzaman M, Betts RA, Gelfan A, Hirabayashi Y,
et al. Water In: Climate Change 2022: Impacts, Adaptation and Vulnerability.
Contribution of Working Group II to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge, UK and New York, NY,
USA: 2022.

Tellman B, Sullivan JA, Kuhn C, Kettner AJ, Doyle CS, Brakenridge GR, et al.
Satellite imaging reveals increased proportion of population exposed to floods.
Nature 2021;596:80—6. https://doi.org/10.1038/s41586-021-03695-w.

IPCC, Lee H, Romero J. Summary for Policymakers, Climate Change 2023:
Synthesis Report. Contribution of Working Groups I, II and III to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change. Geneva:
2023. https://doi.org/10.59327/TPCC/AR6-9789291691647.001.

UNESCO World Water Assessment Programme. The United Nations World
Water Development Report 2024: Water for prosperity and peace. Paris:
UNESCO:; 2024.

United Nations Office for Disaster Risk Reduction. Global Assessment Report on
Disaster Risk Reduction 2025: Resilience Pays: Financing and Investing for our
Future. Geneva: 2025.

IPCC, Lee H, Romero J. Summary for Policymakers, Climate Change 2023:
Synthesis Report. Contribution of Working Groups I, II and III to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change. Geneva:
2023.

Tabari H. Climate change impact on flood and extreme precipitation increases
with water availability. Sci Rep 2020;10:13768. https://doi.org/10.1038/s41598-
020-70816-2.

Yu D, Yin J, Wilby RL, Lane SN, Aerts JCJH, Lin N, et al. Disruption of
emergency response to vulnerable populations during floods. Nat Sustain
2020;3:728-36. https://doi.org/10.1038/s41893-020-0516-7.



650
651
652
653

654
655
656

657
658
659
660
661

662
663
664

665
666
667

668
669
670

671
672
673
674

675
676
677
678

679
680
681

682
683
684

685
686
687
688

689
690

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Wasko C, Westra S, Nathan R, Orr HG, Villarini G, Villalobos Herrera R, et al.
Incorporating climate change in flood estimation guidance. Philosophical
Transactions of the Royal Society A: Mathematical, Physical and Engineering
Sciences 2021;379:20190548. https://doi.org/10.1098/rsta.2019.0548.

Tellman B, Sullivan JA, Kuhn C, Kettner AJ, Doyle CS, Brakenridge GR, et al.
Satellite imaging reveals increased proportion of population exposed to floods.
Nature 2021;596:80—6. https://doi.org/10.1038/s41586-021-03695-w.

Reisinger A, Cammarano D, Fischlin A, Fuglestvedt JS, Hansen G, Jung Y, et al.
Annex I: Glossary, Climate Change 2023: Synthesis Report. Contribution of
Working Groups I, II and III to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change. Geneva: 2023.
https://doi.org/10.59327/IPCC/AR6-9789291691647.002.

United Nations Department of Economic and Social Affairs. 11 Make cities and
human settlements inclusive, safe, resilient and sustainable n.d.
https://sdgs.un.org/goals/goalll (accessed May 15, 2025).

United Nations Departement of Economic and Social Affairs. Goal 6 | Department
of Economic and Social Affairs. United Nations n.d.
https://sdgs.un.org/goals/goal6é (accessed January 26, 2026).

United Nations Department of Economic and Social Affairs. Goal 13 | Department
of Economic and Social Affairs. United Nations n.d.
https://sdgs.un.org/goals/goall3 (accessed January 26, 2026).

United Nations Office for Disaster Risk Reduction (UNDRR). The Sendai
Framework Terminology on Disaster Risk Reduction. “Disaster risk reduction”
2017. https://www.undrr.org/terminology/disaster-risk-reduction (accessed May
11, 2025).

United Nations Office for Disaster Risk Reduction (UNDRR). Hyogo Framework
for Action 2007. https://www.preventionweb.net/publication/hyogo-framework-
action-2005-2015-building-resilience-nations-and-communities-
disasters#downloads (accessed August 30, 2025).

United Nations Department of Economic and Social Affairs Sustainable
Development. Transforming our world: the 2030 Agenda for Sustainable
Development 2015. https://sdgs.un.org/2030agenda (accessed August 30, 2025).

Manatia Taonga — Ministry for Culture and Heritage. New Zealand disasters
timeline 2025. https://nzhistory.govt.nz/culture/new-zealand-disasters/timeline
(accessed May 14, 2025).

White I, Lawrence J. Continuity and change in national riskscapes: a New
Zealand perspective on the challenges for climate governance theory and
practice. Cambridge Journal of Regions, Economy and Society 2020;13:215-31.
https://doi.org/10.1093/CJRES/RSAA005.

Bush International Consulting. Auckland Flood Response Review; Independent,
External Review of Events, January 27-29, 2023. 2023.



691
692
693

694
695
696

697
698
699
700
701

702
703
704
705

706
707
708

709
710
711

712

713
714

715
716
717

718
719
720

721
722
723

724
725
726

727
728
729

[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]

[31]

[32]

[33]

Ministry of Foreign Affairs and Trade, New Zealand Trade and Enterprise,
Ministry for Primary Industries. Cyclone Gabrielle’s impact on the New Zealand
economy and exports - March 2023. 2023.

New Zealand Infrastructure Commission Te Waihanga. The 2023 Auckland
Anniversary weekend storm: An initial assessment and implications for the
infrastructure system. 2024.

Department of the Prime Minister and Cabinet. Building Resilience to Hazards
Long-term Insights Briefing | Department of the Prime Minister and Cabinet
(DPMC). New Zealand Government 2025. https://www.dpmec.govt.nz/our-
programmes/risk-and-resilience/building-resilience-hazards-long-term-insights-
briefing (accessed January 31, 2026).

Ministry for the Environment. National Adaptation framework 2025.
https://environment.govt.nz/what-government-is-doing/areas-of-work/climate-
change/adapting-to-climate-change/national-adaptation-framework/#flood-
modelling-and-risk-analysis-standards (accessed February 22, 2026).

Lechowska E. What determines flood risk perception? A review of factors of flood
risk perception and relations between its basic elements. Natural Hazards
2018;94:1341-66. https://doi.org/10.1007/s11069-018-3480-z.

Lechowska E. Approaches in research on flood risk perception and their
importance in flood risk management: a review. Natural Hazards 2022;111:2343—
78. https://doi.org/10.1007/s11069-021-05140-7.

United Nations. UN Global Risk Report. New York: 2024.

World Economic Forum. The Global Risks Report 2026 21st Edition; Insight
Report. Geneva: 2026.

Wachinger G, Renn O, Begg C, Kuhlicke C. The risk perception paradox-
implications for governance and communication of natural hazards. Risk
Analysis 2013;33:1049-65. https://doi.org/10.1111/j.1539-6924.2012.01942.x.

Burns WJ, Slovic P. Risk Perception and Behaviors: Anticipating and Responding
to Crises. Risk Analysis 2012;32:579-82. https://doi.org/10.1111/j.1539-
6924.2012.01791.x.

Kasperson RE, Renn O, Slovic P, Brown HS, Emel J, Goble R, et al. The Social
Amplification of Risk: A Conceptual Framework. Risk Analysis 1988:8:177-87.
https://doi.org/10.1111/j.1539-6924.1988.tb01168.x.

Siegrist M, Cvetkovich G. Perception of hazards: The role of social trust and
knowledge. Risk Analysis 2000;20:713-20. https://doi.org/10.1111/0272-
4332.205064.

Grothmann T, Reusswig F. People at Risk of Flooding: Why Some Residents Take
Precautionary Action While Others Do Not. Natural Hazards 2006 38:1
2006;38:101-20. https://doi.org/10.1007/S11069-005-8604-6.



730
731
732

733
734
735

736
737
738

739
740
741
742

743
744
745

746
747

748
749
750

751
752
753
754

755
756
757
758

759
760
761

762
763
764

765
766
767

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Terpstra T. Emotions, Trust, and Perceived Risk: Affective and Cognitive Routes
to Flood Preparedness Behavior. Risk Analysis 2011;31:1658-75.
https://doi.org/10.1111/j.1539-6924.2011.01616.x.

Kiymis I, Kaya AA. Development of the Disaster Risk Perception Scale:
Evaluation of Its Impact on Disaster Preparedness. Disaster Med Public Health
Prep 2025;19:1-16. https://doi.org/10.1017/DMP.2025.38.

Botzen WJW, van den Bergh JCJM. Risk attitudes to low-probability climate
change risks: WTP for flood insurance. J Econ Behav Organ 2012;82:151-66.
https://doi.org/10.1016/J.JEBO.2012.01.005.

Botzen WJW, Bouwer LM, Scussolini P, Kuik O, Haasnoot M, Lawrence J, et al.
Integrated Disaster Risk Management and Adaptation. Loss and Damage from
Climate Change. Climate Risk Management, Policy and Governance., Springer,
Cham; 2019, p. 287-315. https://doi.org/10.1007/978-3-319-72026-5_12.

Birkholz S, Muro M, Jeffrey P, Smith HM. Rethinking the relationship between
flood risk perception and flood management. Science of The Total Environment
2014;478:12-20. https://doi.org/10.1016/j.scitotenv.2014.01.061.

Tierney KJ. Toward a Critical Sociology of Risk. Sociological Forum
1999;14:215-42. https://doi.org/10.1023/A:1021414628203.

Owusu S, Wright G, Arthur S. Public attitudes towards flooding and property-
level flood protection measures. Natural Hazards 2015 77:3 2015;77:1963-78.
https://doi.org/10.1007/S11069-015-1686-X.

Thistlethwaite J, Henstra D, Brown C, Scott D. How Flood Experience and Risk
Perception Influences Protective Actions and Behaviours among Canadian
Homeowners. Environmental Management 2017 61:2 2017;61:197-208.
https://doi.org/10.1007/S00267-017-0969-2.

Rehan BM, Hall JW, Penning-Rowsell EC, Tan VZH. A comparison of the cost
effectiveness of property-level adaptation and community-scale flood defences in
reducing flood risk. J Flood Risk Manag 2024;17.
https://doi.org/10.1111/JFR3.12956.

Henstra D, Thistlethwaite J, Brown C, Scott D. Flood risk management and
shared responsibility: Exploring Canadian public attitudes and expectations. J
Flood Risk Manag 2019;12. https://doi.org/10.1111%2Fjfr3.12346.

Kazmierczak A, Bichard E. Investigating homeowners’ interest in property-level
flood protection. Int J Disaster Resil Built Environ 2010;1:157-72.
https://doi.org/10.1108/17595901011056622.

Webber JL, Chen AS, Stevens J, Henderson R, Djordjevi¢ S, Evans B. Targeting
property flood resilience in flood risk management. J Flood Risk Manag 2021;14.
https://doi.org/10.1111/JFR3.12723.



768
769
770

771
772
773

774
775
776

777
778
779
780

781
782
783

784
785
786

787
788

789
790

791
792
793

794
795
796
797

798
799
800

801
802

803
804
805
806

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[S6]

[57]

[58]

Adelekan 10, Asiyanbi AP. Flood risk perception in flood-affected communities in
Lagos, Nigeria. Natural Hazards 2016;80:445—-69. https://doi.org/10.1007/s11069-
015-1977-2.

Rana IA, Jamshed A, Younas ZI, Bhatti SS. Characterizing flood risk perception
in urban communities of Pakistan. International Journal of Disaster Risk
Reduction 2020;46:101624. https://doi.org/10.1016/j.ijdrr.2020.101624.

Harlan SL, Sarango MJ, Mack EA, Stephens TA. A survey-based assessment of
perceived flood risk in urban areas of the United States. Anthropocene
2019;28:100217. https://doi.org/10.1016/j.ancene.2019.100217.

United Nations Office for Disaster Risk Reduction. Definition: Structural and
non-structural measures . United Nations 2026.
https://www.undrr.org/terminology/structural-and-non-structural-measures
(accessed February 22, 2026).

Folke C. Resilience: The emergence of a perspective for social-ecological systems
analyses. Global Environmental Change 2006;16:253—-67.
https://doi.org/10.1016/J.GLOENVCHA.2006.04.002.

Zevenbergen C, Gersonius B, Radhakrishan M. Flood resilience. Philosophical
Transactions of the Royal Society A: Mathematical, Physical and Engineering
Sciences 2020;378. https://doi.org/10.1098/rsta.2019.0212.

Holling CS. Resilience and Stability of Ecological Systems. Annu Rev Ecol Syst
1973;4:1-23.

Walker B, Holling CS, Carpenter SR, Kinzig A. Resilience, Adaptability and
Transformability in Social-ecological Systems. Ecology and Society 2004;9.

Wang L, Cui S, Li Y, Huang H, Manandhar B, Nitivattananon V, et al. A review of
the flood management: from flood control to flood resilience. Heliyon 2022;8.
https://doi.org/10.1016/J.HELIYON.2022.E11763.

Klijn F, Kreibich H, De Moel H, Penning-Rowsell E, Klijn F, Kreibich H, et al.
Adaptive flood risk management planning based on a comprehensive flood risk
conceptualisation. Mitigation and Adaptation Strategies for Global Change 2015
20:6 2015;20:845—64. https://doi.org/10.1007/S11027-015-9638-Z.

Fusinato E, Han S, Kobiyama M, de Brito MM. Safe development paradox:
evidence and methodological insights from a systematic review. Natural Hazards
2024 120:15 2024;120:13693-714. https://doi.org/10.1007/S11069-024-06774-Z.

White GF. Human Adjustment to Floods: A Geographical Approach to the Flood
Problem in the United States. The University of Chicago, 1942.

Haer T, Husby TG, Botzen WJW, Aerts JCJH. The safe development paradox: An
agent-based model for flood risk under climate change in the European Union.
Global Environmental Change 2020;60:1-12.
https://doi.org/10.1016/J.GLOENVCHA.2019.102009.



807
808
809

810
811
812

813
814

815
816
817

818
819
820

821
822
823

824
825
826

827
828
829
830

831
832
833

834
835
836
837

838
839
840
841

842
843
844

845

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

Gissing A, Leeuwen J Van, Tofa M, Haynes K. Flood levee influences on
community preparedness: a paradox? Australian Institute for Disaster Resilience
2018;33:38-43.

Auliagisni W, Wilkinson S, Elkharboutly ME. Flood risk management in New
Zealand: A case study of the Northland urban community. IOP Conf. Ser.: Earth
Environ. Sci, IOP Publishing Ltd; 2022.

Macquarie University. Flood-threatened communities provide key insights to help
reduce future risk 2023.

Baan PJA, and Klijn F. Flood risk perception and implications for flood risk
management in the Netherlands. International Journal of River Basin
Management 2004;2:113-22. https://doi.org/10.1080/15715124.2004.9635226.

Thaler T, Hartmann T. Justice and flood risk management: reflecting on different
approaches to distribute and allocate flood risk management in Europe. Natural
Hazards 2016 83:1 2016;83:129—47. https://doi.org/10.1007/S11069-016-2305-1.

Lawrence J, Quade D, Becker J. Integrating the effects of flood experience on risk
perception with responses to changing climate risk. Natural Hazards
2014;74:1773-94. https://doi.org/10.1007/s11069-014-1288-z.

Auliagisni W, Wilkinson S, Elkharboutly M. Using community-based flood maps
to explain flood hazards in Northland, New Zealand. Progress in Disaster Science
2022;14. https://doi.org/10.1016/J.PDISAS.2022.100229.

Afsari Bajestani S, Serrao-Neumann S, Hanna C, Fu X. Dealing with uncertainty
in flood risk management and land use planning decisions: Insights from
Aotearoa New Zealand. Clim Risk Manag 2024;46.
https://doi.org/10.1016/J.CRM.2024.100666.

Fu X, Bell R, Reu Junqueira J, White I, Serrao-Neumann S. Managing rising
residual flood risk: A national survey of Aotearoa-New Zealand. J Flood Risk
Manag 2023;16. https://doi.org/10.1111/JFR3.12944.

Jayawardena I, Mannakkara S, Wang G, Wen L. Why we see risk differently:
Socioeconomic dimensions of climate hazard and risk perceptions in Auckland,
New Zealand. International Journal of Disaster Risk Reduction 2026;133:106011.
https://doi.org/10.1016/J.IJDRR.2026.106011.

Mehryar S, Surminski S. Investigating flood resilience perceptions and
supporting collective decision-making through fuzzy cognitive mapping. Science
of The Total Environment 2022;837:155854.
https://doi.org/10.1016/j.scitotenv.2022.155854.

Auliagisni W, Wilkinson S, Elkharboutly M. Learning from Floods—How a
Community Develops Future Resilience. Water (Basel) 2022;14.
https://doi.org/10.3390/w14203238.

Encyclopaedia Britannica. Auckland New Zealand 2025.



846
847
848

849

850
851

852
853
854

855
856
857
858

859
860
861
862

863
864
865

866
867
868

869
870
871

872
873
874

875
876
877

878
879
880

881
882

[72]

[73]
[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

1News. Revealed: Auckland’s most flood-damaged areas. 1News 2023.
https://www.1news.co0.nz/2023/03/02/revealed-aucklands-most-flood-damaged-
areas/ (accessed January 31, 2026).

Auckland Council. Auckland Council Flood Viewer 2025.

Knox C, Gabel J. Auckland floods - interactive map: How hard was your suburb
hit? The New Zealand Herald 2023.

In photos: The Auckland storm and its aftermath | Stuff. StuffCoNz 2023.
https://www.stuff.co.nz/auckland/300796399/in-photos-the-auckland-storm-and-
its-aftermath (accessed January 19, 2026).

Joel MacManus. The housing reform that will reshape Auckland: Plan Change
120, explained | The Spinoff. The Spinoff 2026.
https://thespinoff.co.nz/auckland/15-01-2026/the-housing-reform-that-will-
reshape-auckland-plan-change-120-explained (accessed January 31, 2026).

The Housing Forum. Experts put Auckland’s housing rules under the microscope
— University of Auckland. The University of Auckland 2025.
https://www.auckland.ac.nz/en/news/2025/11/06/experts-put-auckland-s-bold-
upzoning-under-the-microscope.html (accessed January 31, 2026).

Lechowska E. Approaches in research on flood risk perception and their
importance in flood risk management: a review. Natural Hazards 2022;111:2343—
78. https://doi.org/10.1007/s11069-021-05140-7.

Lechowska E. What determines flood risk perception? A review of factors of flood
risk perception and relations between its basic elements. Natural Hazards
2018;94:1341-66. https://doi.org/10.1007/s11069-018-3480-z.

Wachinger G, Renn O, Begg C, Kuhlicke C. The Risk Perception Paradox—
Implications for Governance and Communication of Natural Hazards. Risk
Analysis 2013;33:1049-65. https://doi.org/10.1111/j.1539-6924.2012.01942.x.

O’Neill E, Brereton F, Shahumyan H, Clinch JP. The Impact of Perceived Flood
Exposure on Flood-Risk Perception: The Role of Distance. Risk Anal 2016;36.
https://doi.org/10.1111/risa.12597.

Birkholz S, Muro M, Jeffrey P, Smith HM. Rethinking the relationship between
flood risk perception and flood management. Science of The Total Environment
2014;478:12-20. https://doi.org/10.1016/j.scitotenv.2014.01.061.

Yoav B, Yosef H. Controlling the False Discovery Rate: a Practical and
Powerful Approach to Multiple Testing. Journal of the Royal Statistical Society:
Series B (Methodological) 1995;57:289-300.

Hagberg A, Swart PJ, Schult DA. Exploring network structure, dynamics, and
function using NetworkX, United States: 2008.



883
884
885

886
887

888
889
890
891

892
893
894

895
896
897
898

899
900
901

902
903
904

905
906
907
908

909
910

911
912
913

914
915
916

917
918

919
920
921

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

193]

[96]

[97]

Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, Ramage D, et al. Cytoscape:
a software environment for integrated models of biomolecular interaction
networks. Genome Res 2003;13:2498-504.

Braun V, and Clarke V. Using thematic analysis in psychology. Qual Res Psychol
2006;3:77-101. https://doi.org/10.1191/1478088706qp0630a.

Maher Carmel, Hadfield Mark, Hutchings Maggie, de Eyto Adam. Ensuring
Rigor in Qualitative Data Analysis: A Design Research Approach to Coding
Combining NVivo With Traditional Material Methods. Int J Qual Methods
2018;17:1609406918786362. https://doi.org/10.1177/1609406918786362.

Mol JM, Botzen WJW, Blasch JE, de Moel H. Insights into Flood Risk
Misperceptions of Homeowners in the Dutch River Delta. Risk Analysis
2020;40:1450—68. https://doi.org/10.1111/risa.13479.

Bradford RA, O’Sullivan JJ, van der Craats IM, Krywkow J, Rotko P, Aaltonen
J, et al. Risk perception — issues for flood management in Europe. Natural
Hazards and Earth System Sciences 2012;12:2299-309.
https://doi.org/10.5194/nhess-12-2299-2012.

de Bruijn KM, Jafino BA, Merz B, Doorn N, Priest SJ, Dahm RJ, et al. Flood risk
management through a resilience lens. Commun Earth Environ 2022;3:28S5.
https://doi.org/10.1038/s43247-022-00613-4.

O’Neill Eoin, Brereton F, Shahumyan H, Clinch JP. The Impact of Perceived
Flood Exposure on Flood-Risk Perception: The Role of Distance. Risk Anal
2016;36. https://doi.org/10.1111/risa.12597.

Dhar T, Bornstein L, Lizarralde G, Nazimuddin SM. Risk perception—A lens for
understanding adaptive behaviour in the age of climate change? Narratives from
the Global South. International Journal of Disaster Risk Reduction
2023:;95:103886. https://doi.org/10.1016/j.ijdrr.2023.103886.

Siegrist M, Arvai J. Risk Perception: Reflections on 40 Years of Research. Risk
Analysis 2020;40:2191-206. https://doi.org/10.1111/risa.13599.

Savari M, Jafari A, Sheheytavi A. Determining factors affecting flood risk
perception among local communities in Iran. Sci Rep 2025;15:4076.
https://doi.org/10.1038/s41598-025-88673-2.

Chen J, Chen W, Huang G. Assessing urban pluvial flood resilience based on a
novel grid-based quantification method that considers human risk perceptions. J
Hydrol (Amst) 2021;601:126601. https://doi.org/10.1016/j.jhydrol.2021.126601.

Elum ZA, Lawal O. Flood risk perception, disaster preparedness and response in
flood-prone urban communities of Rivers State. Jamba 2022;14:1303.

Stats NZ. Place and ethnic group summaries Mount Eden 2025.
https://tools.summaries.stats.govt.nz/places/SA3/mount-eden (accessed September
6, 2025).



922
923
924

925
926
927

928
929
930
931

932
933
934

935
936
937
938

939
940
941

942
943
944

945
946
947
948

949
950
951

952
953

954
955
956
957

958
959
960
961

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

Stats NZ. Place and ethnic group summaries New Lynn 2025.
https://tools.summaries.stats.govt.nz/places/SA3/new-lynn (accessed September 6,
2025).

Valencia MMA. Principles, Scope, and Limitations of the Methodological
Triangulation. Invest Educ Enferm 2022;40.
https://doi.org/10.17533/udea.iee.v40n2e03.

Bodoque JM, Amérigo M, Diez-Herrero A, Garcia JA, Cortés B, Ballesteros-
Canovas JA, et al. Improvement of resilience of urban areas by integrating social
perception in flash-flood risk management. J Hydrol (Amst) 2016;541:665-76.
https://doi.org/10.1016/j.jhydrol.2016.02.005.

Chowdhooree I, Sloan M, Dawes L. Community perceptions of flood resilience as
represented in cognitive maps. J Flood Risk Manag 2019;12:e12478.
https://doi.org/10.1111/j{r3.12478.

Mehryar S, Surminski S. Investigating flood resilience perceptions and
supporting collective decision-making through fuzzy cognitive mapping. Science
of The Total Environment 2022;837:155854.
https://doi.org/10.1016/j.scitotenv.2022.155854.

Wachinger G, Renn O, Begg C, Kuhlicke C. The Risk Perception Paradox—
Implications for Governance and Communication of Natural Hazards. Risk
Analysis 2013;33:1049—65. https://doi.org/10.1111/j.1539-6924.2012.01942.x.

Terpstra T. Emotions, Trust, and Perceived Risk: Affective and Cognitive Routes
to Flood Preparedness Behavior. Risk Analysis 2011;31:1658-75.
https://doi.org/10.1111/§.1539-6924.2011.01616.x.

United Nations Office for Disaster Risk Reduction. Sendai Framework for
Disaster Risk Reduction 2015-2030 | UNDRR. UNDRR 2026.
https://www.undrr.org/publication/sendai-framework-disaster-risk-reduction-
2015-2030 (accessed January 27, 2026).

Ribeiro PJG, Pena Jardim Gongcalves LA. Urban resilience: A conceptual
framework. Sustain Cities Soc 2019;50:101625.
https://doi.org/10.1016/j.s¢s.2019.101625.

United Nations Office for Disaster Risk Reduction (UNDRR). Sendai Framework
Terminology on Disaster Risk Reduction, Definition: Resilience 2017.

Bubeck P, Botzen WJW, Kreibich H, Aerts JCJH. Detailed insights into the
influence of flood-coping appraisals on mitigation behaviour. Global
Environmental Change 2013;23:1327-38.
https://doi.org/10.1016/j.gloenvcha.2013.05.009.

Fernandez MA, Hu C, Joynt JLR, Martin SL, Jennings I, Auckland Council.
Housing assessment for the Auckland region. National Policy Statement on Urban
Development 2020 - Knowledge Auckland. Auckland Council 2021.
https://knowledgeauckland.org.nz/publications/housing-assessment-for-the-



962 auckland-region-national-policy-statement-on-urban-development-2020/
963 (accessed January 31, 2026).

964  [110] Ministry for the Environment. National Policy Statement on Urban Development

965 . New Zealand Government 2023. https://environment.govt.nz/acts-and-

966 regulations/national-policy-statements/national-policy-statement-urban-

967 development/ (accessed January 31, 2026).

968 [111] MacManus J. The housing reform that will reshape Auckland: Plan Change 120,
969 explained | The Spinoff. The Spinoff 2026. https://thespinoff.co.nz/auckland/15-
970 01-2026/the-housing-reform-that-will-reshape-auckland-plan-change-120-

971 explained (accessed January 31, 2026).

972

973



974

975

976

977

978

979

980

981

Competing Interests

The authors declare no competing interests.

Author Contributions:

All authors conceived and designed the study. S.V., L.LP., P.B., and A.M. performed the field
research activities. S.V. analysed the data. S.V. and A.B. contributed materials/analysis tools.

S.V. wrote the paper, and L.P., P.B., and A.M. reviewed the paper.



Declaration of interests

The authors declare that they have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

(1 The authors declare the following financial interests/personal relationships which may be considered
as potential competing interests:



