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ABSTRACT

The discourse on climate change has brought to the fore the pressing need for improved flood management strategies. Recent
trends indicate a surge in flooding incidents in residential areas, which can potentially disrupt socio-economic activities and
result in loss of lives. This study conducts a Systematic Literature Review (SLR) to comprehensively assess and compare various
flood mitigation strategies employed in residential zoning practices globally. Residential zoning in New Zealand means a desig-
nated area of land specifically set aside for housing development, with rules and regulations governing the density and type of
dwellings that can be built there to maintain a suitable living environment for residents. Research articles published between
2001 and 2024 focused on flood reduction strategies were collected, synthesised, and analysed. A predefined review protocol
guided this approach, involving searches in widely used electronic databases. Ninety-three articles were ultimately included
in the review. The findings highlight several key areas, including the impact of strategies on flood susceptibility, the effective-
ness of rainwater harvesting systems and green infrastructure in flood management, and the importance of sustainable urban
development and ecological preservation. Proposed strategies, such as neighbourhood and site planning, regional planning,
stormwater management, green roofs, permeable pavements, and regulatory measures, offer valuable pathways for safeguarding
water resources in urban planning efforts. The study advances knowledge in urban planning, environmental sustainability, and
residential zoning practices. It also provides an overview of current approaches for mitigating flooding and identifies research
gaps for future studies.

1 | Introduction and contributing to water pollution (Biratu et al. 2022; Park

et al. 2020). As urban areas continue to expand, these challenges

The rapid pace of urbanisation presents multifaceted challenges
to sustainable development, particularly in the context of flood-
ing in residential zones (Rentschler et al. 2022). The transfor-
mation of natural landscapes into urban areas is characterised
by increased impervious surfaces, such as roads, buildings, and
other infrastructure, which significantly alter the natural hydro-
logical cycle. This alteration leads to increased surface runoff,
reduced groundwater recharge, and heightened vulnerability
to flooding, thereby exacerbating the urban heat island effect

underscore the urgent need for effective strategies to mitigate
the adverse effects of impervious surfaces on the natural envi-
ronment and urban water systems (Zhu et al. 2023).

The occurrence of flooding is becoming increasingly severe due
to the rapid pace of urbanisation (Dawson et al. 2008). Flood
risk analysis in urban areas is more intricate than in rural areas
due to the dense clustering of buildings, varied land uses, and
interplay of flood control measures and drainage systems. With
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the continuous expansion of cities, urban flooding and water-
logging problems are expected to worsen unless more effective
measures are adopted (Li et al. 2016). According to Recanatesi
et al. (2017) and Xu et al. (2020), most of the rainfall that reaches
the ground surface in many natural settings, either infiltrates
the soil or is evaporated and transpired back into the atmo-
sphere. However, urbanisation has led to the sealing of natural
soils through pavements, roofs, and other impervious surfaces,
which has constrained natural infiltration and evapotranspira-
tion, converting rainfall into runoff (Zhu et al. 2023). Unsealed
soils in urbanised areas have also experienced increases in run-
off due to soil compaction resulting from construction activities
(Gregory et al. 2006; Sohn et al. 2020; Yang et al. 2020).

To manage runoff, traditional engineered facilities such as
gutters, channels, and pipes are constructed to convey runoff
quickly from sealed surfaces to centralised detention ponds,
retention facilities, and nearby streams (Ferguson 1995;
Ramiaramanana and Teller 2021). However, during periods of
heavy rainfall, these facilities often fail to handle the superim-
posed peak flows that discharge from different sealed surfaces,
leading to overflow and flooding. Therefore, there is a need for
alternative and sustainable strategies to manage runoff in urban
areas. Qin (2020) concludes that conventional methods of re-
taining, storing, and infiltrating rainwater are effective during
light rainfall. However, they fail to prevent significant overflows
during heavy rain, which can lead to urban flooding. For exam-
ple, in 2023, Auckland experienced a heavy downpour, the worst
in its history, leading to a state of emergency being declared and
around 350 people requiring emergency accommodation (Leal
Filho et al. 2023). Aside from the need for emergency accom-
modation, this unprecedented event blocked many stormwater
drains and caused damage to schools, residential homes, and
motorways (Armstrong 2024).

Urban flooding occurs when the total overflow from multiple
catchments exceeds the capacity of local sewer pipes. Therefore,
current mainstream techniques are inadequate in mitigating
urban flooding during heavy rainfall. To address this issue, it
is necessary to significantly reduce the peak flow during heavy
rainfall and extend the discharge duration proportionally. In this
regard, the effectiveness of flood reduction strategies in residen-
tial zones emerges as a critical area of research, aiming to iden-
tify scalable and adaptable solutions that can be implemented
across diverse geographical and socio-economic contexts.
Integrating green infrastructure and sustainable urban drain-
age systems (SUDS) has been identified as effective measures
for impervious surface reduction (Prybutok and Osipova 2021).
These approaches not only mitigate surface runoff and improve
water quality but also enhance biodiversity and provide recre-
ational spaces for urban residents, thereby contributing to the
overall liveability of urban areas.

However, the implementation of flood reduction strategies is
not without challenges. Factors such as urban planning policies,
socio-economic conditions, and the existing urban fabric play an
important role in determining the feasibility and effectiveness of
these approaches (Park et al. 2020; Zaeri et al. 2016). Moreover,
the performance of urban drainage systems under the impact
of urbanisation highlights the need for continuous assessment
and adaptation of water management practices to address

the dynamic challenges of urban growth (Bibi, Reddythta,
et al. 2023; Bibi, Rehman, et al. 2023; Rotimi et al. 2015).

At the nexus of this discussion is the critical examination
of how urbanisation and contribute to increased flood risk.
Research by Park et al. (2020) sheds light on this phenomenon,
illustrating the cascading effects of coastal city expansion on
flood vulnerability. Their findings underscore the imperative
for sustainable urban planning that harmonises with nature's
rhythms rather than disrupting them. Similarly, Prybutok and
Osipova (2021) emphasise the importance of integrating costing
nature approaches with suitability modelling to enhance flood
resilience. This innovative methodology offers a blueprint for
balancing economic development with ecological preservation,
ensuring that the prosperity of future generations is not built
on the fragility of natural ecosystems. The successful imple-
mentation of flood mitigation strategies requires a thorough
consideration of incorporated factors such as urban planning
policies, socio-economic conditions, and the existing urban
fabric to ensure these measures are both feasible and effective.
Therefore, the current study thoroughly examines and com-
pares various global flood mitigation strategies used in residen-
tial zoning practices. It aims to highlight the diverse approaches
to managing the risks associated with flooding and categorise
these strategies for effective urban planning and environmental
management.

2 | Methodology
2.1 | Search String

This section highlights the stages and techniques employed in
this comprehensive review, which involved assessing and com-
paring diverse flood reduction strategies that are implemented
in residential zoning practices. To gather relevant literature,
the SCOPUS, EBSCO, and IEEE databases were extensively
searched, as they are known for providing high-quality peer-
reviewed academic research publications. Furthermore, Google
Search was utilised to identify grey literature such as maga-
zines, government reports and news items related to the subject
area. Google Search is considered a valuable starting point for
research, acknowledging that while it may not always provide
access to the most reliable or authoritative sources, it allows ac-
cess to magazines and newspapers relevant to the study.

This initial exploration helped us gather a broad range of per-
spectives and information on our topic, which we then critically
evaluated and supplemented with more authoritative sources as
needed. Some of the keywords frequently used included “flood-
ing mitigation” OR “flood adaptation” OR “stormwater manage-
ment” OR “urban planning” AND “impervious surfaces” OR
“imperviable” AND “residential” OR “area” AND “strategies”
OR “policy” OR “regulation.” These keywords were chosen to
pinpoint the intersection between various impervious area re-
duction strategies employed, flooding effect, and sustainability
elements of flooding. Thus, enabling this research to assess and
compare the effectiveness of flood mitigation strategies in res-
idential zones worldwide. Other keywords have been excluded
to maintain the study's precise and relevant search scope (see
Table 1 and Figure 1).
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TABLE1 | Search engines, scholarly databases, phrases used, and keywords.

Search engines and database Key words

Scopus Database TITLE-ABS-KEY “flooding mitigation” OR “flood adaptation” OR
EBSCO Database “stormwater management” OR “urban planning” AND “impervious
IEEE Database surfaces” OR “imperviable” AND “residential” OR “area” AND “strategies”
Google Search OR “policy” OR “regulation” AND (LIMIT-TO PUBYEAR, 2001 to 2023).

Search 1 Search 2 Search3 Search 4

Identified
through
Identification [ 344 ] [ 289 ] [ 242 ] [ 89 ] database
searching
A y
Study Selection | [ N[ ) ( ) After the
& Evaluation 312 262 230 69 Inclusion/Exclusi
S J L J l \ Y, on criteria
v ¢
Screening | ( N N ~—— | Post Removal of
312 252 230 69 Duplicates
S e el e el s
Eligibility ( Y — Post-Abstract
85 90 J 81 ] 30 Review
;'_) L - .

Included
[ 43 ] [ 23 ]

- 3 Post-Full-Text
21 ] [ 12 ] Review

IEEE Google
Search

FIGURE1 | Overview of the process for identifying, selecting, and including papers.

Table 1 shows the keywords used during the search process.
The aggregate investigations that were carried out to compile
relevant information in the literature were validated by em-
ploying this degree of granularity in the database (Bastas and
Liyanage 2018). Peer-reviewed journal articles, books, confer-
ence proceedings, magazines, news items and government re-
ports were included in the study to ensure that the most reliable
sources and publications had examined the issues with excep-
tional management impact (Rajeev et al. 2017). The study ex-
cluded articles not written in English. Additionally, the period
from 2001 to 2024 was selected as the target date range to ensure
the inclusion of the most recent data available from the sources.

The evaluation phase was structured with distinct sections fo-
cusing on Processes, Findings, and Discussion. This structured
approach ensures a systematic assessment, aiding readers in
understanding the current paper's concept effectively. This al-
lows readers to gain a deeper understanding of how the data
are evaluated and to follow both the implications of the evalu-
ation and the data produced as a result (Moshood et al. 2020).
The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) procedures were employed (Moher
et al. 2009) to facilitate the analysis and screening of the col-
lected studies. The utilisation of the PRISMA approach in this

systematic review amplifies the calibre and dependability of the
findings by introducing a uniform methodology for conducting,
disclosing, and evaluating the chosen studies. By employing this
rigorous approach, the goal is to identify adaptable strategies
that can be implemented across diverse geographical and socio-
economic contexts to mitigate the adverse effects of urbanisa-
tion on the natural environment and provide a solid foundation
for evidence-based decision-making. The PRISMA process flow,
consisting of four sequential steps, is illustrated in Figure 1.

A total of 1276 papers were initially identified through database
searching. After removing duplicates, the screening process was
conducted, resulting in 863 remaining papers. Upon completion
of an initial review of abstracts, a total of 286 papers met the
eligibility criteria for further analysis. Subsequently, a thorough
full-text review was conducted, leading to the inclusion of 99
papers.

2.2 | Analysis Process
The method described illustrates one of the many feasible ways

qualitative types of research might be applied to text results.
To conclude the literature review processing, duplicates were
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eliminated, eligibility was validated based on the titles, and
abstracts, and the entire text was assessed in the context of the
research topics. The current study’s systematic literature eval-
uation adhered to a structured approach, wherein all 99 pub-
lications were scrutinised and assessed for relevance. These
publications were then analysed using the ATLAS.ti 9 software
package. The software is an intelligent data analysis tool for
extracting valuable insights from qualitative data. It is widely
considered a potent software for qualitative analysis, particu-
larly in situations involving substantial amounts of textual and
graphical data (Moshood et al. 2022). In the current study, the
adoption of a qualitative approach was imperative for the effec-
tive analysis of the 99 identified articles. This methodological
choice facilitated an in-depth examination of flood mitigation
strategies, enabling a comprehensive interpretation of the com-
plex implementation contexts and regional variations involved.
The qualitative analysis provided deeper insights into the per-
formance of different strategies across various urban settings,
allowing for the identification of nuanced patterns related to
implementation challenges and solutions that may have been
overlooked through a purely quantitative lens. The results from
the ATLAS.ti 9 are presented, accompanied by visualisations to
facilitate easy understanding.

3 | Discussion of Findings

This section offers an in-depth analysis, providing valuable in-
sights drawn from extensive research. The objective is to iden-
tify scalable and adaptable strategies for mitigating the adverse
effects of urbanisation on the natural environment across di-
verse geographical and socio-economic contexts. The insights
stem from content analysis of 99 articles sourced from reputable
databases, including Scopus, EBSCO, and IEEE, in addition to
an extensive search on Google for relevant magazine and news
content. The findings from the literature review in this study are
summarised rather than presented as exhaustively to enhance
readability.

3.1 | Strategic Approaches for Flood Mitigation

The scope of the research, delineated in Table 2, reveals a di-
versity of strategies, findings from previous studies, geographic
locations, and indicators under scrutiny. The findings extracted
from the review of the literature summarise an extensive collec-
tion of subjects, spanning from the implications of impervious
surfaces on flood susceptibility to the efficacy of rainwater har-
vesting systems and green infrastructure in flood management.
It emphasises the importance of sustainable stormwater man-
agement practices as an effective means to mitigate flood risks.
By implementing strategies that promote the efficient manage-
ment of stormwater, communities can reduce the likelihood and
severity of flooding events, thereby enhancing overall resilience
to water-related hazards.

The review also highlights the critical role of impervious sur-
face data in improving the accuracy of hydraulic modelling.
Impervious surfaces, such as pavement and rooftops, signifi-
cantly influence stormwater flow and can exacerbate flooding
in urban areas. Researchers and policymakers can better predict

and manage flood events by integrating precise data on imper-
vious surfaces into hydraulic models, leading to more informed
decision-making and more effective flood mitigation strategies.
The research also suggests the efficacy of low-impact develop-
ment techniques in mitigating flood volumes. These techniques,
which prioritise sustainable land use and green infrastructure,
offer promising solutions for reducing the adverse impacts of
urbanisation on local hydrology. By incorporating features like
green roofs, permeable pavement, and rain gardens into urban
design, communities can enhance water infiltration, reduce
runoff, and mitigate flooding while promoting environmental
sustainability.

Adopting a nonstationary framework for regional flood-
frequency analysis is essential for accurately assessing flood
risks, particularly in unpredictable weather conditions across
different geographical locations. Also, recognising the chal-
lenges associated with accurately measuring total rainfall due
to varying weather conditions, the research advocates for in-
novative solutions and methodologies to improve precipitation
data collection and analysis. Furthermore, the study emphasises
the significance of community involvement and policy inter-
ventions in fostering flood resilience. Engaging local commu-
nities in flood preparedness and response efforts can enhance
disaster resilience and promote sustainable development prac-
tices. Therefore, leveraging cutting-edge technologies such as
machine learning and remote sensing can provide valuable in-
sights into flood dynamics and improve early warning systems,
enabling more effective mitigation strategies.

Flooding mitigation involves various strategic approaches to re-
duce or prevent the impact of floods on communities and infra-
structure. When implemented strategically and collaboratively,
these strategies contribute to comprehensive flood risk reduc-
tion and increased community resilience.

The research scope, illustrated in Table 2 and Figure 2, encom-
passes various strategic approaches and indicators for flood
mitigation, emphasising a holistic approach to enhancing flood
resilience and sustainability in urban environments. Key com-
ponents include sustainable flood management, impervious
surfaces management, traditional ecological knowledge, storm-
water management simulation models (SWMM), flood simu-
lation and machine learning approaches, and regulations and
policies. The scope of this study encompasses a comprehensive
analysis of strategies employed in flood mitigation, with a focus
on the complexities of these strategies and their implications.

3.1.1 | Sustainable Flood Management Strategy

One of the primary flood mitigation strategies found in the lit-
erature review is sustainable flood management. This Strategy
integrates nature-based solutions, community engagement,
and innovative technologies to enhance flood resilience, mi-
nimise environmental impact, and ensure long-term sustain-
ability. Out of 99 papers reviewed, 12 articles were identified
as primary sources informing or recommending Sustainable
Flood Management Strategies. These papers contribute to var-
ious aspects of flood mitigation. Additionally, numerous con-
cepts related to sustainable flood management are recognised
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TABLE 2 | List of strategic approaches and indicators for flood mitigation.

Major strategic
groups

Implementation strategies

Area/location References

Sustainable flood
management strategy

Impervious surfaces
strategy

Traditional ecological
knowledge

Stormwater
management simulation
model (SWMM)
strategy

Urban green infrastructures,
Permeable Pavement, Surface
permeability, Sponge city
flood mitigation, Sponge
watersheds, Green roof
implementation, Green space
downstream, Sustainable
urban drainage systems,
Infiltration storage facilities,
Porous pavement, Best
management practices and
Low-impact development.

Land-use planning, Site-
level planning, Monitoring
assessment, Regional-Level

Planning, Regional flood

protection standards,

Peak runoff, Optimising
impervious surface layout,
Expanding LID measures,

improving surface design
and Hydrologic Modelling

System (HEC-HMS).

Place-based landscape
knowledge, Water use
and management and
Water values, Rainwater
harvesting, Awareness, Rural
community consultation,
and Community-based
organisations (CBOs),
Land use decisions,
Land cover, Risk-aware
approach, Floodwall,
Gated spillway, Training
and Education, Ocean
wave barriers and public
awareness programmes.

Urban drainage systems,
Rainfall and Runoff
approach, Catchment area,
Surface runoff and Storage,
Zoning regulations, Water
sensitive urban design, Low
impact development, Nature
reserves, Catchment area,
Urban sprawl, Sediment
transport, Nonstationary,
Treatment train approach,
Good urban design approach,
Drainage design approach.

Netherlands, Cambodia,
Iraq, UK, Mexico,
China, Korea, USA,
Indonesia, New Zealand.

(Heng et al. 2021; Twohig et al. 2022;
Al-Khuzaie et al. 2023; Khodadad
et al. 2023; Yang and Lee 2021; Liang
et al. 2019; Suripin et al. 2018; Tauhid
and Zawani 2018; Twohig et al. 2022;
Sun 2019; Tansar et al. 2024)

Korea, Australia,
Brazil, Canada,
China, New Zealand,
Taiwan, USA, India.

(Park et al. 2020; Feng et al. 2020;
Deng et al. 2020; Chang et al. 2021;
Li and Burian 2022; Hou, Ding,
et al. 2022; Sahu et al. 2021;
Meng et al. 2022; Zhang 2018;
Southworth 2019; Du et al. 2015;
Balaian et al. 2024; Du et al. 2015)

(Asad et al. 2022; Noori and
Singh 2023; Bwambale et al. 2018;
Dewa et al. 2022; Faruk and
Maharjan 2022; Marques
et al. 2017; Paule-Mercado
et al. 2017; Park and Park 2018;
Teréncio et al. 2019; Movahednia
et al. 2021; Salehi et al. 2022)

Bangladesh, India,
Uganda, South
Africa, Japan and
China, Brazil, Korea,
Portugal, USA, Iran.

(Bibi, Reddythta, et al. 2023; Bibi,
Rehman, et al. 2023; Qi et al. 2022;
Rosenberger et al. 2021; Wang
et al. 2021; Prybutok et al. 2021; Flores
et al. 2020; Samouei and Ozger 2020;
Manchikatla and Umamahesh 2022;
Dai et al. 2023; Kong et al. 2017;
Johnson and Sample 2017; Stillwell
et al. 2018; Cao et al. 2023; Wu
et al. 2023; Glas et al. 2023; Li
et al. 2021; Hassan et al. 2022; Office
of Environment and Heritage 2016)

Ethiopia, USA,
Germany, China, UK,
Argentina, Turkey,
India, Australia, Poland,
Egypt, New Zealand.

(Continues)
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TABLE 2 | (Continued)

Major strategic
groups

Implementation strategies

Area/location

References

Flood simulation and
machine learning
approaches

Regulations and policies

High-risk identification,
Quick flood detection,
Integrated Big and
Crowdsource Data, Flood
Monitoring, Prediction,
and Rescue (FMPR), Long
short-term memory (LSTM),
Sectional area width, and
Sectional average depth,
UNet Combined, Synthetic
aperture radar (SAR)
satellite, Spatiotemporal filter
based on low-rank tensor
approximation (STF-LRTA),
Word processing approach,
Pattern-matching approach,
Analytical hierarchy process
(AHP), Urban flood hazard
(UFH) map, Simulation
and assessment of projected
climate, Hydrological and
Mobility data, Infoworks
ICM and Mean-flow, MIKE,
Lisflood, and FloodMap.

Resilience-based approaches,
Stakeholders' approach,
River training, Drainage

Pakistan, Serbia, USA,
China, Thailand,
India, France, Brazil,
Japan, Italy, Republic of
Korea, Poland, Israel,
Germany, Saudi Arabia,
UK, Cameroon.

Canada, Sweden,
Japan, Thailand,
China, New Zealand.

(Ahmad et al. 2023; Gigovic¢ et al. 2017;
Peter et al. 2020; Xue et al. 2022;
Puttinaovarat and Horkaew 2020;
Kundu et al. 2022; Akhtar et al. 2019;
Prakash et al. 2022; Li et al. 2022;
Nguyen et al. 2022; Feng et al. 2022;
Zortea et al. 2023; Yokoya et al. 2020;
Montello et al. 2022; Ma et al. 2022;
Wang et al. 2020; Choi et al. 2009;
Berezowski et al. 2020; Ziv and
Reuveni 2022; Zhou et al. 2020;
Nogueira et al. 2018; Krullikowski
et al. 2023; Elsebaie et al. 2023;
Chakrabortty et al. 2023; Manchikatla
and Umamahesh 2022; Hou, Zhang,
et al. 2022; Tomads et al. 2022;
Ebodé 2022; Aerts 2018; Du
et al. 2020; Mohanty et al. 2020)

(Baird et al. 2016; Satoh 2022; Ly
et al. 2022; Sawangnate et al. 2022;
Liu et al. 2022; Office of Wastewater

improvement, Flood control,
Water purification, Storm
regulation, Flood control,
carbon fixation, layout of
development, Diversion
of water, Manage design,
Damming of water, Social
engagement, Zoning
regulations, Regional
policies, Stormwater
standard regulatory and
Policy implementation,
Land use regulation.

Management 2011; Bay of Plenty
Regional Council 2021; Waikato
District Council 2011; Waterproofing
Membrane Association 2020; Guideline
Document 2017; Auckland Council
Technical Report 2013; Stormwater
Policy 2020; Auckland Unitary
Plan 2020; Bryan et al. 2018)

globally (Al-Khuzaie et al. 2023; Khodadad et al. 2023; Twohig
et al. 2022). These include Urban Green Infrastructures,
Permeable Pavement Surface permeability, and Sponge City
flood mitigation in China. Sponge City Approach (SCA) offers
a comprehensive, nature-based solution to address flooding,
waterlogging, and other water-related challenges in urban and
rural areas. Sponge watersheds, Green roof implementation in
Singapore and China, Green space downstream, Sustainable
Urban Drainage Systems (SUDS), Infiltration Storage Facilities,
Porous Pavement, Best Management Practices, Low-Impact
Development in America, Sustainable Urban Drainage Systems
in England, and Water-Sensitive Urban Design in Australia.
Khodadad et al. (2023) highlight green infrastructure as an ef-
fective method to mitigate urban surface water flooding risk.

Numerous studies corroborate the efficacy of these measures
in both mitigating and adapting to climate change, underscor-
ing their significance in comprehensive flood management
strategies (Liang et al. 2019; Suripin et al. 2018; Tauhid and
Zawani 2018; Twohig et al. 2022; Yang and Lee 2021). Figure 3
illustrates the sustainable flood management strategy.

3.1.2 | Impervious Surfaces Strategies

Another significant finding from the literature review on flood-
ing mitigation is the impervious surfaces strategies, which have
been widely employed globally. Impervious surfaces, which
impede water infiltration and increase runoff, are a significant
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concern in urban development. Among the 99 papers reviewed,
14 primary articles focused on developing, implementing, or
applying strategies to address impervious surfaces. These strat-
egies can be broadly classified into eight groups: Land-use plan-
ning, Site-level planning, Policy implementation, Monitoring
assessment, Regional-Level Planning, Regional flood protection
standards, Floodwall, and Peak runoff, Optimising impervious
surface layout, Expanding LID measures, improving surface
design and Hydrologic Modelling System (HEC-HMS) (Balaian
et al. 2024; Chang et al. 2021; Deng et al. 2020; Du et al. 2015;
Feng et al. 2020; Park et al. 2020). Each category presents oppor-
tunities to reconsider conventional approaches and prioritise the
protection of water resources. The following paragraphs include
the outline of general concepts and specific examples within
each category that offer promising pathways for implementa-
tion. These strategies aim to mitigate increased surface runoff,
enhance groundwater recharge, and restore natural hydrological
patterns. However, addressing these challenges in community-
level planning requires grappling with complex technical con-
siderations, including pollutant loadings, hydrologic modelling,
and the effectiveness of various management practices, as noted
by Chang et al. (2021), Deng et al. (2020), Feng et al. (2020), and
Park et al. (2020).

According to Meng et al. (2022), impervious coverage emerges as a
practical and cost-effective solution for planners seeking to protect
water resources. Its integrative nature enables the estimation of cu-
mulative water resource impacts, simplifying the complexities as-
sociated with nonpoint source pollution. While Meng et al. (2022)
emphasised that impervious surfaces themselves do not gener-
ate pollution, they do exert significant influence on hydrologic
changes. They intensify land uses that generate pollution, impede
natural pollutant processing in the soil, and efficiently transport
pollutants into waterways. Research consistently demonstrates a
strong correlation between the imperviousness of a drainage basin
and the health of its receiving stream. Studies, including those

by Li and Burian (2022) and Hou, Ding, et al. (2022) emphasise
that even relatively low levels of imperviousness (10%-20%) can
lead to stream degradation and impair freshwater wetland habitat
quality. Impervious coverage emerges as a reliable and integra-
tive indicator of the developmental impact on water resources. Its
measurable nature enhances its utility in planning and regulatory
applications, providing a range of techniques for impervious cov-
erage measurement adaptable to various scales and applications.
Figure 4 depicts the impervious surfaces strategies extracted from
the literature.

3.1.3 | Traditional Ecological Knowledge

Based on the literature review, Traditional Ecological Knowledge
(TEK) encompasses the wisdom, practices, and knowledge passed
down through generations by indigenous and local communities
(Bwambeale et al. 2018). As the importance of resilience to natural
hazards grows, along with a renewed emphasis on culture in di-
saster risk management, approaches tied to traditional ecological
knowledge become increasingly pertinent. Out of 99 papers, 11
primarily centre on traditional environmental knowledge in mit-
igating residential flooding risk. Strategies related to traditional
ecological knowledge include place-based landscape knowledge,
water use and management, water values, rainwater harvesting,
awareness, rural community consultation, and community-based
organisations (CBOs), Land use decisions, Land cover, Risk-aware
approach, Floodwall, Gated spillway, Training and Education,
Ocean wave barriers and public awareness programmes
(Balaian et al. 2024; Du et al. 2015; Southworth 2019). Bwambale
et al. (2018) underscore that the Traditional Ecological Knowledge
strategy encompasses indigenous wisdom derived from interac-
tions between indigenous communities and their ecosystems. This
knowledge transcends specific ecosystems, offering a broader un-
derstanding of the environment, hence also referred to as ‘tradi-
tional environmental knowledge’. Asad et al. (2022) highlight that
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riverine communities, in particular, have extensive interactions
with flood events and hydrological systems, particularly during
rainy seasons. Over time, these communities accumulate intimate
perceptions and experiences through observation, sharing, moni-
toring, and evaluating flood hazards, thereby contributing to their
resilience and adaptive strategies. Figure 5 depicts the traditional
ecological knowledge strategy.

3.1.4 | Stormwater Management Simulation Model
(SWMM) Strategy

Stormwater management is also one of the primary strategic
findings for flooding mitigation. It encompasses the planning
and implementing strategies to effectively control and miti-
gate the impact of stormwater, addressing both its quality and
quantity. The Stormwater Management Practices Strategy is
a comprehensive plan designed to effectively and sustainably
manage stormwater within a specific area or community. Out
of 99 papers reviewed, 18 papers focused on various aspects
of this strategy. These papers discussed topics such as urban
drainage systems, rainfall-runoff, catchment areas, surface
runoff and storage, zoning regulations, water-sensitive urban
design, low-impact development, nature reserves, urban
sprawl, sediment transport, and approaches like the treatment
train approach, good urban design approach, drainage design
approach, and rainfall and runoff approach to mitigate res-
idential flooding. According to Li et al. (2021), this strategy
seamlessly integrates an array of practices, policies, and ini-
tiatives, all directed towards alleviating the adverse impacts
of stormwater runoff on the environment, water quality, and
local infrastructure. The effective execution of this strategy
hinges on implementing sustainable stormwater management
practices. Seminally, Stillwell et al. (2018) show that concrete
examples of these practices include establishing rain gardens
and bio-retention basins specifically designed to capture and

treat runoff. Furthermore, constructing detention basins and
retention ponds is pivotal, providing a means to store excess
stormwater and prevent temporary downstream flooding. By
embracing these practices, the strategy aspires to achieve a
harmonious balance between stormwater management, envi-
ronmental conservation, and infrastructure resilience.

According to Manchikatla and Umamahesh (2022), as a fun-
damental component of this strategy, stormwater management
works towards reducing the risk of flooding by thoroughly
managing both the volume and rate of runoff from urban areas.
Implementation measures span across detention basins, infiltra-
tion trenches, and green roofs. Wang et al. (2021) emphasised
that stormwater management goes beyond flood risk mitigation,
playing a crucial role in improving waterway quality and pre-
venting erosion.

It also can potentially create green spaces and habitats for urban
wildlife, enhancing environmental quality. Moreover, the study
by Cao et al. (2023) confirms that stormwater management prac-
tices contribute to economic benefits by reducing flood damage
costs, enhancing water quality, and increasing property values.
According to Prybutok et al. (2021), Stormwater management
simulation model practices strategy is essential for safeguard-
ing water quality, fostering urban environmental health, and
generating diverse economic and social advantages. Figure 6
illustrates the strategy for stormwater management simulation
model strategy.

3.1.5 | Flood Simulation and Machine
Learning Approaches

Out of 99 papers reviewed, 31 delved into Flood Simulation and
Machine Learning Approaches. These encompass various ap-
plications such as identifying high-risk areas, rapidly detecting
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floods, and monitoring flood occurrences. Additionally, they
include the integration of large datasets and crowdsource infor-
mation for improved flood prediction and rescue efforts. Long
short-term memory (LSTM) networks are also employed as part
of these techniques to enhance predictive capabilities, Sectional
area width, and Sectional average depth, UNet Combined,
Synthetic Aperture Radar (SAR) satellite, Spatio-Temporal Filter
based on Low-Rank Tensor Approximation (STF-LRTA), Word
processing approach, Pattern-matching approach, Analytical
Hierarchy Process (AHP), Urban Flood Hazard (UFH) map, The
simulation and evaluation of projected climate, hydrological, and
mobility data, Infoworks ICM and Mean-flow, MIKE, Lisflood,
and FloodMap are crucial for mitigating flooding (Aerts 2018;
Ahmad et al. 2023; Du et al. 2020; Gigovic et al. 2017; Mohanty
et al. 2020; Peter et al. 2020; Puttinaovarat and Horkaew 2020).
Floods, a longstanding natural disaster, have intensified in re-
cent years due to climate change. Therefore, Ahmad et al. (2023)
assert that the development of precise numerical tools for sim-
ulating these events is imperative. These tools must strike a
balance between accuracy and computational efficiency to
provide timely and reliable results. The insights derived from
these numerical models enable decision-makers to design re-
silient infrastructure and anticipate the severity of impending
extreme events. Consequently, appropriate measures can be
implemented to minimise economic and human losses associ-
ated with flooding. Figure 7 depicts the flood simulation and
machine learning approaches.

3.1.6 | Regulations and Policies: A
Comprehensive Approach

Regulations and Policies also emerged as one of the strategiesiden-
tified from the literature review. Regulations and policies related

Stormwater management simulation model practices strategy.

to flood mitigation encompass a wide array of laws, rules, and
guidelines established by governments and regulatory bodies to
manage and reduce the risks associated with flooding. Out of 99
reviewed papers, 14 articles focused on regulations and policies.
These papers primarily addressed resilience-based approaches,
stakeholder engagement, river training, drainage improvement,
flood control, water purification, storm regulation, carbon fixa-
tion, development layout, water diversion, design management,
dam construction, social engagement, regional policies, storm-
water standard regulations worldwide, and land use regulation
(Auckland Council Technical Report 2013; Auckland Unitary
Plan 2020; Bryan et al. 2018; Stormwater Policy 2020).

Ly et al. (2022) emphasised that implementing regulations and
policies necessitates a comprehensive and cohesive strategy to
address the complex challenges posed by impermeable materi-
als in urban and environmental settings. Similarly, Satoh (2022)
highlighted that this approach aims to establish effective regula-
tions, guidelines, and practices to mitigate the impact of imper-
vious surfaces on stormwater runoff, water quality, and overall
environmental health. Furthermore, Sawangnate et al. (2022)
stated that by embracing this holistic perspective, the regulatory
framework seeks to balance the imperatives of urban develop-
ment with the need to preserve ecological integrity.

According to Bay of Plenty Regional Council (2021), enhancing
planning strategies at community and site levels can involve in-
tegrating specific applications to align planning objectives with
regulatory measures. One crucial aspect involves reevaluating
existing zoning and subdivision requirements by considering
imperviousness. For instance, current lot coverage limits, espe-
cially in residential zones, may only address rooftops while dis-
regarding impervious surfaces such as parking areas, sidewalks,
and driveways. Based on the Auckland Council Technical
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Report (2013), employing impervious cover as a benchmark is
conducive to performance-based zoning, promoting mixed-use
development that inherently lowers impervious coverage and
associated pollution by reducing road infrastructure and vehic-
ular traffic. In community-wide applications covering various
land uses, the regulatory strategy involves sliding scales of im-
pervious coverage limits. These limits adjust dynamically based
on location, size, and type of use.

Furthermore, based on the suggestion of Sawangnate
et al. (2022), incentivising sustainable design becomes a piv-
otal component of the regulatory framework. These incentives,
whether tax breaks or development bonuses, encourage projects
incorporating sustainable design practices, reducing impervious
cover and promoting environmentally conscious development.
Figure 8 depicts the regulations and policies.

3.2 | Coverage Area and Diverse Strategies
Employed

These analyses offer valuable insights into a wide array of strate-
gies and their geographic applications geared towards mitigating
flooding and bolstering resilience in diverse regions worldwide
based on the 99 papers reviewed. One such strategy, Sustainable
Flood Management, prioritises the adoption of sustainable prac-
tices such as urban green infrastructures, permeable pavement,
green roofs, and low-impact development techniques. This ap-
proach has been successfully implemented in countries includ-
ing the Netherlands, Cambodia, Iraq, Mexico, Korea, the USA,
UK, New Zealand, and Indonesia.

The Impervious Surfaces Strategy is a comprehensive urban
planning and environmental management approach that deals
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with surfaces that do not allow water to penetrate the ground.
Implemented in countries such as Korea, Brazil, New Zealand,
Canada, China, Taiwan, the USA, and India, this strategy un-
derscores a global commitment to proactive measures for flood
prevention and resilience building.

The utilisation of Traditional Ecological Knowledge (TEK) rep-
resents a holistic approach to flood mitigation that combines
centuries-old environmental wisdom with modern practice.
This approach has been effectively applied in countries such
as Bangladesh, India, Uganda, South Africa, and Japan, where
local knowledge and community engagement play pivotal roles
in sustainable flood management practices.

Flood Simulation and Machine Learning Approaches employ a
sophisticated array of tools including high-risk identification,
flood monitoring systems, machine learning methodologies,
and simulation models to accurately predict and effectively
manage floods. Successful implementation has been recorded
in countries like Pakistan, Serbia, the USA, China, Thailand,
India, France, Brazil, Japan, Italy, the Republic of Korea, Poland,
Israel, Germany, Saudi Arabia, and Cameroon. This widespread
adoption underscores the global recognition of the importance
of leveraging technology and data-driven solutions to address
the challenges posed by flooding and enhance resilience against
its impacts.

The Stormwater Management Simulation Model (SWMM)
Strategy integrates urban drainage systems, rainfall and run-
off methodologies, zoning regulations, low-impact develop-
ment practices, and advanced simulation models to enhance
flood management effectiveness. In various countries around
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the world, including Ethiopia, the USA, Germany, China,
Argentina, Turkey, India, Australia, New Zealand, Poland,
and Egypt, innovative strategies have been successfully im-
plemented to tackle stormwater issues and improve resilience
against flooding. This approach demonstrates a global commit-
ment to finding effective solutions to these challenges.

Lastly, Regulations and Policies leverage resilience-based ap-
proaches, stakeholder engagement strategies, and regulatory
frameworks to facilitate effective flood control and manage-
ment. This comprehensive approach has been successfully
implemented in countries such as Canada, Sweden, Japan,
Thailand, China, and New Zealand. By emphasising collabora-
tion among stakeholders and implementing robust regulatory
measures, these nations demonstrate a commitment to enhanc-
ing flood resilience and ensuring the sustainable management
of water resources. Figure 9 illustrates the coverage area and
employed strategies.

3.3 | Practical Implications

From the foregoing discussions, this study offers practical guid-
ance for flood management practitioners, by indicating that
effective flood mitigation necessitates an integrated approach
that could encompass six key strategies: Sustainable Flood
Management Strategies (SFMS), Impervious Surfaces Strategies
(ISS), Traditional Ecological Knowledge, Flood Simulation
and Machine Learning Approaches, Stormwater Management
Simulation Model (SWMM) Strategy, and the establishment of
supporting Regulations and Policies. It may be argued that the
strategy covering Imperious Surfaces solutions includes both
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technical (e.g., reducing peak runoff) and policy (e.g., regional-
level planning) aspects. However, the models are typically used
to inform different strategy developments. Some practical ap-
plications include implementing green infrastructure solutions,
such as rain gardens and bioswales, at the property level, along-
side developing supportive policy frameworks at the municipal
level. These nature-based solutions not only aid in flood control
but also provide multiple additional benefits, including the en-
hancement of biodiversity, improvement in air and water qual-
ity, and increased carbon sequestration.

The success of these strategies is contingent upon robust col-
laboration among property owners, local authorities, and
urban planners, particularly in adapting approaches to specific
geographical contexts. As urban areas increasingly confront
climate-related challenges, this research underscores the neces-
sity of adopting innovative and multifaceted flood management
strategies that harmonise technological solutions with commu-
nity engagement and policy reform.

4 | Conclusion

The aim of this study is to highlight the diverse approaches to
managing the risks associated with flooding and categorise
these global strategies for effective urban planning and environ-
mental management. The study synthesised research spanning
over two decades (2001-2024), focusing on the pivotal realm
of flood reduction strategies. This exhaustive analysis not only
highlights the multifaceted approaches to mitigating flooding
risk but has also categorised the strategies into coherent sub-
categories, which offer a comprehensive roadmap for urban
planning and environmental management. Furthermore, the
categorisation underscores the nuanced application and imple-
mentation of the strategies tailored to meet the diverse needs of
geographical locations with varying characteristics and vulner-
abilities. The dynamic nature of urban environments and the
evolving threat of climate change necessitate ongoing inquiry
and adaptation of extant strategies.

Central to the findings of the study is the realisation that six
flood mitigation strategies could address the escalating chal-
lenges posed by urban flooding. These include Sustainable Flood
Management Strategies (SFMS), Impervious Surfaces Strategies
(ISS), Traditional Ecological Knowledge, Flood Simulation
and Machine Learning Approaches, Stormwater Management
Simulation Model (SWMM) Strategy, and Regulations and
Policies. The integration of these strategies showcases a para-
digm shift towards embracing more holistic and sustainable
urban planning methodologies. These findings can be invaluable
to policymakers, urban planners, and environmentalists work-
ing towards creating more resilient communities. Particularly
notable is Figure 9, which shows the various strategies and the
countries where they have been widely implemented. This infor-
mation could assist in selecting strategies appropriate for similar
geographical locations.

The presented systematic literature review condenses recent
years of academic research into practical recommendations,
enabling decision-makers to prioritise the resilience, sustain-
ability, and welfare of their respective urban communities.

Communities have the potential to utilise these findings to
take measures to reduce the flood risk in their area. For in-
stance, property owners can create green infrastructure, such
as rain gardens and bioswales, which can help minimise run-
off and reduce flooding. Communities can also collaborate
with local authorities to support policies and regulations that
promote the application of green infrastructure and other
flood mitigation techniques. Implementing measures to re-
duce the flood risk, communities can safeguard their homes
and businesses from potential damage and enhance the safety
of their residents.

Exploring ways to increase resilience, incorporating green in-
frastructure and nature-based solutions has emerged as a prom-
ising area of study. These approaches have the potential to boost
urban biodiversity, enhance air and water quality, and support
carbon sequestration, while simultaneously reducing the risk of
floods. Thus, a comprehensive approach to sustainable urban
development. The findings of this study further underline the
importance of adopting multifaceted approaches to flood risk
management, especially those that integrate technological inno-
vations, community engagement, and policy reforms. The chal-
lenge ahead is formidable, yet with concerted effort and ongoing
research, we can realise a new era of urban development where
flood risks are mitigated, and communities thrive in harmony
with their natural environments.

This study has some limitations that suggest directions for fu-
ture research. First, given the focus on flood mitigation strate-
gies, future research could expand the review by investigating
specific zoning requirements concerning flood risk exposure. In
addition, future research could explore the interaction between
these strategies and emerging technologies, such as smart urban
planning tools and advanced materials and methods for reduc-
ing impervious surfaces. Also, future research could build upon
these findings by incorporating quantitative metrics such as
bibliometric analysis, strategy effectiveness measurements, and
temporal trend analysis to provide additional empirical evidence
for decision-making in flood risk management. Moreover, the
role of community involvement and social equity in the success-
ful implementation of these strategies deserves deeper investi-
gation to ensure that flood management solutions are inclusive
and accessible to all segments of society.
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