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Abstract: The general purpose of this review paper is to provide an overview of various flood protection strategies because flooding is becoming more frequent and is affecting more areas, displacing
people, and increasing fatalities around the world. The concern surrounding climate change resulting
in sea level rise, increasingly frequent storm events, and the need for adaptive actions to better control urban storm water runoff motivates the completion of this paper. Understanding the impact of
climate change aside from dangerous weather conditions essential for designing effective mitigation
strategies, but first, there needs to be a clear and strong understanding of the effects of extreme events.
This review represents engineered storm water practices that are adaptive, in combination with the
non-structural measures such as urban planning, will help reduce flood impact.
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1. Introduction
Climate change has significantly affected the probability of flooding [1] due to the rise
in sea levels worldwide due to a billion tons of ice melted every year (sea levels are rising
about 3 mm a year), which threatens many coastal cities to be partially or totally underwater between 2030 and 2040 [2,3]. An increase in precipitation extremes are one of the
clearest features of climate change. In our mid-latitudes, extratropical cyclones that come
from oceanic storm tracks are the main source of rainfall for Europe and North America.
These phenomena generate many of the precipitation extremes associated with flooding
and major losses. The challenge in predicting the future behaviour of regional storm tracks
is derived from the several processes that control the regional locations of the storm tracks
and their varied response to related aspects of global warming such as equator-to-pole temperature gradients, sea-ice decrease, patterns of sea-surface temperature (SST), and land-sea
temperature contrasts [4,5]. Moreover, climate change could concentrate the hydrological
cycle, which will cause more intense rainfall, leading to increased frequency and severity
floods [6] (e.g., in the UK, the rainfall in 2015 broke all records, receiving 341 mm within
one day, breaking the 2009 record of 316.4 mm). Floods not only lead to structural damage in infrastructure (roads, sewage treatment plant, and energy supplies), but also to
economic losses, for example, the UK spent 1.3 billion every year to treat the effects of
flood damage [7]. Researchers have also observed a significant local and global increase
in the proportion of the strongest hurricanes (Categories 4 and 5) associated with a huge
amount of rainfall. Studies attribute the increase in global heating of the climate, and this
increase in the most powerful storms happened in conjunction with a similar decrease in
Category 1 and Category 2 hurricanes [8,9]. Other studies have also reported the change in
the seasonality of intense rains, where now these events can happen during any season of
the year and not only the rainy seasons, as was usual in past decades [10]. Therefore, it is
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very important to predict the occurrence of floods to minimize the risk of flooding and its
potential impacts. To predict floods, several data should be available such as precipitation
data on a real-time basis, the rate of change in the river stage, the type of storm (duration,
intensity, and areal extent), and knowledge about the characteristics of a river’s drainage
basin. These data are strengthened by technology, as wireless electronic sensors and neural
network computer models could help to predict floods more accurately [11,12]. Flooding is
increasing in recent times due to climate change and it is necessary to know the annual
flood increment rate for particular countries [13]. Low-income societies in areas subjected
to a high probability of flood risk are usually more vulnerable to hazard impacts because
of the socioeconomic characteristics that make them less able to cope, adjust, or adapt to
the hazards. Moreover, the fact that both risk perception and awareness levels are low
among this communities indicates that when the next flash flood event occurs, the effectiveness of risk management plans may be limited [14–16]. Mitigation of flood risks includes
structural flood measures corresponding to the construction of dams, sea walls (Figure 1),
river dikes, and levees, and non-structural measures such as flood estimation, warning,
flood hazard, risk management, community involvement, and official planning, etc. [17].
River polders or flood expansion areas are the real pillars in many national flood defence
programs [18–20]. Polders have been installed as flood control and waterlogging drainage
systems in the low-lying areas of the plain river network at Yangcheng and Dianmao. It was
proven that with the expansion of the polder areas and increased standard of flood control
and waterlogging drainage in polder areas, the water level in the main river increases
drastically under the same flood, which contributes to the major impact on flood control
in the area [21]. Non-structural measures involve non- physical construction such as the
use of knowledge, practice, or agreement (laws and policies) to reduce the impacts and
risks of flooding, training, education, and raising public awareness. Flood risk management measures may include climate change mitigation, rural runoff reduction and storage,
flood incident management, land-use planning and risk spreading (insurance), health and
social measures, building codes, and flood-proofing [22]. The purpose of this work was
to provide an overview of the structural and non-structural measures of flood mitigation.
The correct protection of communities with the most adequate design of structural measures, which consider the consequences of climate change, will allow for the adaptation of
the population to flooding. Structural measures are engineering procedures to decrease the
vulnerability of defences through the dissipation of energy [23,24]. Adaptive, multifunctional infrastructure in combination with water sensitive urban plan are means in which to
strengthen resilience against climate change [25]. The application of plans that contain the
facility of flood safety for storms, surge fences, flood barricades, seawalls, anti-backflow
regulators, and dikes, in addition to raising the ground floor of houses, the construction of
pumping stations, the increase of drainage capacity, the use of fishponds as retaining pools
and constructing flood alteration channels, are all potential approaches for flood mitigation [26,27]. The combination of structural and non-structural measures can significantly
help to fortify the flexibility of communities to the reality of climate change. Non-structural
measures use knowledge, preparation, or contract to decrease flood risk, predominantly
through guidelines and regulations, land use, insurance, raising community consciousness,
training, and instruction [22,28]. Early warning schemes are more tempting for developing
countries, and governments can take effective prevention actions that can alleviate the
effects of climate alteration [29,30]. Organization of the possibilities that are available to
prevent the consequences of flood events is the outcome of the effort made by the flood
risk managing strategy. Some non-structural measures are satisfactory for some countries,
while other measures are more acceptable for other countries depending on the level of
development of the nation.
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urban planning with engineering systems measures will make the alleviation of flood
impacts possible.
The focal purpose of the dam design is to use a strategy that reduces the flooding risk
in specific areas. Dam safety includes structural, operative, and emergency strategies [38].
Most dam failures and associated fatalities result from flood events. Concrete dams have a
low risk of failure compared to embankment dams with a single gated spillway. Large dams
are usually well monitored and maintained. A significant level of risk actually comes from
small dams (i.e., those local for agriculture), for which the standards for design, construction,
surveillance, and maintenance are generally much lower than those of large structures.
Although they generally have very small volumes, they can still cause a lot of damage and
the risk is quite high. Large dams need to be re-evaluated due to inelastic alterations that
occur during a period of strong earthquakes [1]. It is important to check the conditions
of large dams to make sure that they are working within the design values, reducing
in this way the possibility of catastrophes. Large dams are usually well monitored and
maintained. A significant level of risk actually comes from small dams (i.e., those local for
agriculture), for which the standards for design, construction, surveillance, and maintenance
are generally much lower than those of large structures. Although they generally contain
very small volumes, they can still cause a lot of damage and risk is quite high.
2.2. Dikes
A dike (or dyke) is a body of rock, either sedimentary or igneous, that cuts across
the layers of its surroundings. They form in pre-existing fractures, meaning that dikes
are always younger than the body of rock that they have intruded into. Dikes are usually
made of earth and used to hold back water. However, dikes can occur naturally and people
construct them to prevent flooding. When constructed along river banks, dikes control
the flow of water. By preventing flooding, dikes force the river to flow more quickly and
with greater force. Figure 2 shows one type of dikes. Risk of dikes should be understood to
determine the appropriate risk reduction strategy. Overtopping of the levee is caused by the
rise of floodwaters. Levee breaks produced by significant freeboard loss and unintentional
overflow certainly denote unsecured levee failure. The execution of emergency measures
to indicate unsecured levee sections at high-risk is needed when floodwaters reach the
crown of the levee. Levee failures and erosion can be delayed and prevented by using
different methods such as the use of filter nonwovens and stabilization measures with
geosynthetics. It is impossible for the earthen levee to be eroded and this method could
potentially reduce the flood damage [39,40]. The vegetation management in flood control
structures is an option to improve dike safety and erosion control. Overtopping is a collapse
mechanism of the dike with a growth in failure prospect with time and climate [41]. The rise
in crest elevation of the current constructions was examined and it was concluded that the
essential rise in crest level was around triple that of ocean level rise to preserve the existing
allowances. Chen [42] and Savatier [43] also examined how to reduce the overflowing of
dikes and concluded that the efficiency of a vegetation management plan that includes
safety, landscape, and ecological issues would reduce the criticality of dikes. The peak
discharge is reduced with the vegetation coverage and significantly delays the arrival
of flood peaks in the environment, which frequently experiences strong rainfall events,
often the consequence of storm passage over the zone. Overtopping could be decreased
with the increase in crest height and effective vegetation coverage.
2.3. Flood Barriers
Reactive response is changing to proactive answer to reduce loss of life and property. Effective strategies like flood barriers are created to be used as dams or seawalls,
where they can be made of an elastic or permeable material, the operation could be manual
or automatic, and the measurements could be diverse. Flood barriers are pre-installed,
demountable, and temporary components that can be at the entry of the buildings or at a
certain distance from them. Placing the barriers along a road can guard the zone from the
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water flow during flooding [44]. Flood mitigation using traditional structural measures is
operative, but it is also vulnerable to the failure of any of the physical measures with the
action of climate change phenomena. Taking in consideration that the construction of any
Eng 2021, 2, FOR PEERof
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of flood prone areas would need solutions to address flood impacts, in order to preserve
established neighbourhoods and existing architectural character.
2.5. Permeable Pavement
Rapid urban development or the impact of urbanization requires the use of permeable
pavement systems (PPS), which contribute to alleviating the flooding and minimizing impervious surfaces. As they attenuate storm water flows, dropping, and deferring peak flow
rates, PPS is a feasible alternative to old-style schemes [49]. The hydrological performance
of a permeable pavement is such that it delays the catchment area response and slow flow
velocities, reducing the operating costs of sewer systems and flood risk [50]. PPS is a viable
option to unstoppable rapid urbanization as a consequence of the population growing;
this flood mitigation is capable of lowering the flood hazard in the community as well as
offering safety, allowing the pavement to infiltrate water and at the same time, support the
loads of the road traffic.
PPS permits water from precipitation to pass through, decreasing the overflow. In permeable pavements, the hydrological description of water flow relies on the unsaturated
hydraulic properties of the construction material, and the excess water can be improved
through microbial removal, in addition to purification and sedimentation [51–53]. Highways are susceptible to flooding; Wang [54] provided a method that incorporated flood
risk into the structural analysis for flexible pavements. A better pavement design was
established, but this analysis was performed on a single-axle load. Porous pavements could
help to protect the environment from pollution; their high permeability capacity is very
appropriate for some zones vulnerable to substantial rain where rainfall intensity is high.
An effective performance has been shown with the combination of geotextiles and
the permeable pavement scheme. Imran et al. [31] focused on drainage systems and storm
water runoff from driveways and roads, concluding that permeable pavement systems
were effective for storm water management and the use of geotextiles membranes reduced
the pollutants from infiltrate run off into the ground. Geotextiles are a versatile instrument
that fit into the sustainable urban drainage system approach and can contribute to the
ecological defence of the downstream surroundings.
3. Non-Structural Measures
3.1. Urban Design
The consequences of urbanization are amplified by climate modification, and the
expansion of inventive storm water management practices is essential to alleviate these impacts. To alleviate disaster impact, organization and government entities have established
frameworks for the assessment and management of flood risks to reduce the negative
consequences of flooding on human health, economic activities, the environment and
cultural heritage such as the Floods Directive in the European Union, which is a collection of maps for the water information system [55]. Flood adaptation is a strategy that
anticipates and accommodates flooding. Cities are required to become more active in
focusing on flood response capacity as determined by opportune system wide modification
and turning amphibious [56]. All actions required to avoid the consequences of flooding
should be considered during the period of planning and design, where alternatives of flood
mitigation are recommended for new urbanization.
Rain gardens are appropriate for the management of low flow capacities of rainwater.
They are ecological and sustainable, and can be used for storm and flood control. Ellis [57]
proposed an integrated catchment management and water sensitive urban design where
there is a risk to extensive property flooding, and provided a solution using roadside
planters and original basins to obtain a significant reduction in flow. Roadside planters
are a type of low-impact development and a good option for the management of storm
water runoff to obtain a significant reduction in flow. A conservative approach of treating
community flooding is with the construction of sewage schemes, where different methods
have to be established in local management plans.
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3.2. Flood Risk Management Plan
Integrated flood management plans with targets to reduce the rainfall runoff can
provide an effective solution for preventing the inundation of urban areas. It is necessary
to study which measures are to be arranged by taking into consideration a good costeffective return. Using regression models, Poussin [58] examined the effect of the flood
destruction and also reviewed flood risk prevention plans for communities in flood prone
areas. Poussin also took into consideration the flood connexion, flood risk administration
strategies, and the social network. Organizational skills are an important aspect in the
application of both structural and non-structural flood mitigation practices.
To prevent loss of property and life, it is necessary to create development construction
codes, land use strategies, community-based programs, and zoning. Administration
plans are essential for any community, and should take into account different experiences,
the proportion of risk, the different policies, and the community links. Palencia [59] stated
that in Spain, the occurrence of flooding has been traditionally due to their particular
conditions, and that one of the most important goals of the United Nations by 2030 for
sustainable development is also to drop the number of people affected and the mortality rate
by disasters, especially disasters related to flooding. By protecting the poor and vulnerable
people around the globe, government agencies should engage with stakeholders to design
an effective management plan and improve the financial resilience to flood risk.
3.3. Land Use
Land use planning of is one of the essential decisions in flood risk management.
It offers various benefits in terms of economic, social, and environmental criteria and so
it represents a reasonable solution in lessening the traditional dependence on hydraulic
solutions and post-disaster assistance that has historically characterized flood risk management [60]. Cities typically influence land usage patterns by replacing pervious surfaces
with impervious ones, thus increasing surface runoff. Miguez [61] and Wagner [62] examined land use and the need to work with nature following urban sustainability. Vulnerable
areas that should have been chosen as preservation, recreation or conservation areas were
urbanized and overdeveloped due to the pressures of rapid suburbanization and the
inappropriate zoning designations.
Damage reducing actions for fluvial flood hazards demonstrate the capacities of land
use development, and isolated flood safety procedures. Both are mechanisms of adjustment.
The emphasis is essential on the application of these actions as they contribute to a substantial damage decreasing consequence in extreme flood events [39]. The inappropriate
zoning designation of an area could cause very destructive consequences by closing natural
water paths and also eroding natural defences. In developing new urban areas, land use
should be carefully reviewed, in light of the preservation of the environment.
3.4. Flood Preparedness Measures and Forecasting Warning
Accurate forecasts of extreme rainfall events are essential for flood prevention due
to uncertainties from weather predictions. Some actions are important to prepare for
in the case of flooding. Guarding possessions, having shelter, a safe meeting point,
early warning systems, emergency preparation, access to flood risk maps, and sharing
flood experiences will alleviate the adverse impacts of flood occurrence. Atreya [63] and
Ravazzani [64] designed two forecast schemes to manage uncertainties in the boundary
conditions, and Gilbuena [65] revealed that the lack of a precise flood predicting system and
the absence of appropriate conservation of the flood-warning organization, contributed to
flooding. Hsu [66] created a model for more efficiently predicting floods and the modelling
approach offered 2–3 h of advanced warning. Amengual [67] provided an enhanced model
of forecasting and an early warning procedure and Azam [68] developed an early flood
warning scheme to send early flood notice communications about possibly impacted zones.
Having an efficient forecast system in combination with communication in advance of
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any flood occurrence, combined with an awareness of the actions that need to be taken
individually, is essential to minimize damage and prevent loss of life.
4. Further Research Needs
The use of amphibious houses in flood prone areas, in combination with PPS, which can
be used as a stable, porous, and permeable pavement in car parks, pedestrian paths, cycle paths, and permeable drives, is a solution that takes the implementation of the available
and latest resources from the scientific investigations to alleviate the flooding problem.
In this context, in addition to studies needed on non-structural actions for flood
control, the following research gaps have been identified for further research on structural
flood alleviation:

•
•
•
•
•
•

•
•

•
•
•
•
•

It is necessary to study the association of two spillways as they may increase the
flood mitigation.
There is a need to investigate how many dams need seismic enhancements.
Further investigation is required on the performance of the measures on earthen dikes
as they are very sensitive to erosion.
It is important to study flood barriers to investigate if automatic flood barrier simulations will provide the same behaviour as manual flood barriers.
Additional research for flood hazards in relation with flood magnitude and frequency
needs to be analysed.
Permeable pavement systems need new investigations regarding the interactions
between axle types and flooded pavement structure, with the consideration of the
permanent deformation of the unbound layers.
Further studies are needed to demonstrate the sustainability of pavement systems,
for example, the act of filter media into sumps incorporated at the lowest part of the PPS.
It is very important to follow up on the long-term preservation of the small-scale
with roadside planters and how the performance is increasing with the time as the
vegetation become fully-grown.
Further research to investigate the effect of pontoon area and their effective size for
increasing or decreasing drag force for amphibious houses.
Research needs to be done in relation with the impact of socio-economic issues on
flood preparation as well as the age of the population and regional variables.
For the impact land usage patterns, it is important to continue the research of suitability
analysis with multifunctional landscape and sustainable solutions.
Further investigation is needed to demonstrate the need to respect watershed limits
for lowland occupation.
Flood forecasting review to make sure it is in accordance with a new safety level for
flood prevention, flood control, and enhanced early warning systems.

5. Conclusions
Using as many measures capable of reducing the impacts of flooding as possible is part
of an effective climate change adaptation strategy in urban development and improving
storm water management in our cities, focusing on retaining, decelerating, discharging,
and infiltrating rainfall in combination with pervious surfaces.
Large dams need to be re-evaluated for rehabilitation, as the use of the existing or new
dams should be for the additional purpose of flood mitigation. In support of structural
measures, the selection of the site for the flood dam should make room for the water away
from urban areas.
Flood barriers and dikes are used to guard the zone from the stream. To reduce the
criticality of dikes due to overflowing, it is necessary to increase its crest stature by almost
triple that of the sea elevation, and a vegetation management plan is also an effective solution.
Cities need to convert active identification of flood response capacity, take action for
appropriate scheme wide adjustment, and turn amphibious. Amphibious constructions
are a valuable and diverse alternative solution of flood mitigation, since it can decrease the
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susceptibility to flood, and is an adaptation to allow for urban settlement and expansion in
flood sectors.
Permeable pavement systems are operative for storm water management; the creation
of a pervious system for the infiltration of rainwater with the use of geotextiles membranes
decreases the contaminants from infiltrate run off into the ground.
Developing an early flood warning scheme to send early flood notice communications
about possibly impacted zones will alleviate the adverse impacts of the flood occurrence,
and the accurate performance of the flood forecasting system with proper maintenance of
the flood warning system will reduce the impacts of flood damage.
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