This item was submitted to Loughborough's Research Repository by the author.
Items in Figshare are protected by copyright, with all rights reserved, unless otherwise indicated.

Towards integrated flood risk and resilience management
PLEASE CITE THE PUBLISHED VERSION
https://doi.org/10.3390/w12061789
PUBLISHER
MDPI
VERSION
VoR (Version of Record)
PUBLISHER STATEMENT
This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
LICENCE
CC BY 4.0
REPOSITORY RECORD
Fu, Guangtao, Fanlin Meng, Monica Rivas Casado, and Roy Kalawsky. 2020. “Towards Integrated Flood Risk
and Resilience Management”. Loughborough University. https://hdl.handle.net/2134/12480575.v1.

water
Editorial

Towards Integrated Flood Risk and
Resilience Management
Guangtao Fu 1 , Fanlin Meng 1, * , Mónica Rivas Casado 2
1
2
3

*

and Roy S. Kalawsky 3

Centre for Water Systems, College of Engineering, Mathematics and Physical Sciences, University of Exeter,
North Park Road, Devon, Exeter EX4 4QF, UK; G.Fu@exeter.ac.uk
School of Water, Energy and Environment, Cranfield University, College Road, Cranfield,
Bedfordshire MK430AL, UK; m.rivas-casado@cranfield.ac.uk
Wolfson School of Mechanical, Electrical and Manufacturing Engineering, Advanced VR Research Centre,
Loughborough University, Loughborough LE11 3TU, UK; R.S.Kalawsky@lboro.ac.uk
Correspondence: M.Fanlin@exeter.ac.uk



Received: 4 June 2020; Accepted: 15 June 2020; Published: 23 June 2020

Abstract: Flood resilience is an emerging concept for tackling extreme weathers and minimizing the
associated adverse impacts. There is a significant knowledge gap in the study of resilience concepts,
assessment frameworks and measures, and management strategies. This editorial introduces the
latest advances in flood risk and resilience management, which are published in 11 papers in the
Special Issue. A synthesis of these papers is provided in the following themes: hazard and risk
analysis, flood behaviour analysis, assessment frameworks and metrics, and intervention strategies.
The contributions are discussed in the broader context of the field of flood risk and resilience
management and future research directions are identified for sustainable flood management.
Keywords: flood risk; flood resilience; machine learning; management strategy; metrics

1. Introduction
Flooding has been widely recognized as a global threat due to the extent and magnitude of damage
it poses around the world each year. Globally, flooding affected 2.3 billion people with an estimated
economic loss of USD 662 billion from 1995 to 2015 [1]. Flooding can occur from fluvial, pluvial,
coastal or groundwater sources, and the economic costs and disruption to communities are expected to
increase as a result of urbanization, economic growth and climate change [2,3]. For example, flood
risk is the top risk for the UK among 60 risks arising from climate change; 2.6 million people are
projected to live in areas of significant risk (i.e., 1 in 75 or more annual change of flooding) by the
2050s under a 2 ◦ C scenario and 3.3 million under a 4 ◦ C scenario with according to the UK Climate
Change Risk Assessment. Flood risk management has proven an effective and successful approach to
assess risks and support informed decisions on flood measures and thus reduce economic losses and
social-environmental damage.
Risk assessment is now a well-established paradigm in flood management in many countries
worldwide. In general, flood risk is perceived as the magnitude of loss, calculated as a function of
consequence and probability of flood events. The flood risk assessment process can be represented
using the Source-Pathway-Receptor-Consequence conceptual model [4], involving the following key
components: (1) understanding the frequency, magnitude and location of one or more hazards (such as
storms or cyclones) that can lead to flooding, (2) identifying the route that hazards take to reach the
receptors, (3) assessing the vulnerability of the receptors, i.e., people, assets and environment, which
could be directly or indirectly affected by flooding, and (4) quantifying the damages that occur to those
receptors. Scientific advances have been made in all the above components, such as understanding
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the impacts of climate change on rainfall [5], representation of rainfall variable dependency [6],
development of hydrodynamic or data-driven flood models for flood extent and depth estimation [7,8],
as well as flood damage data [9]. However, major research challenges remain in many aspects, in
particular, in improving accurate representation and modelling of future uncertainties, capture of system
interdependency, and understanding the impacts of human behaviours and stakeholder interactions.
Flood resilience has been gradually recognised as a key aspect in flood management. The term
of resilience originated from the field of ecology [10] and was then introduced as a property of a
water system which has the ability to prepare for and adapt to changing conditions and absorb,
respond to, and recover rapidly from disruptions [11,12]. Conceptual frameworks and metrics were
proposed for quantitative and qualitative assessment of flood resilience. On one hand, multi-criteria
approaches are commonly used for multi-level and -system assessments; for example, considering
physical, and economic and social indicators in failure and recovery phases [13]. On the other hand,
performance-based metrics are defined to measure the capacity of a water system in response to specific
extreme events in terms of failure duration and magnitude [14,15]. Key to these assessments is the
concept of rapid recovery which is contrasted to traditional risk concepts and measures.
To tackle the huge challenges in reducing flood consequences and improving flood emergence
planning and preparedness, a Special Issue on flood risk and resilience management was proposed to
review the latest developments in the field of flood management. The special issue consists of 11 papers
and focuses on the following themes: hazard and risk analysis, flood behavior analysis, assessment
frameworks and metrics, and intervention strategies, as introduced in Section 2. This Special Issue
will help researchers and practical engineers understand the current challenges in flood management
and develop an effective intervention strategy based on the current state-of-the-art knowledge and
technologies to tackle these challenges.
2. Overview of the Special Issue
This special issue reports some key advances in flood risk and resilience management.
The 11 articles compiled in this issue provide the readers an overview of modelling, optimization, and
analytical tool studies for building flood resilience as described below.
(1)

Hazard and Risk Analysis

A matrix-based multi-risk assessment methodology is proposed in Barria et al. [16] to assess the
risk of natural hazards such as floods and tsunami. The proposed method can support urban planning
and flood mitigation. Stakeholders are closely engaged in the development of the risk assessment,
which is an important aspect for enhancing local flood resilience.
Change in land use and rapid urbanization are widely considered as contributory factors for urban
flooding. Areu-Rangel et al. [17] performs a quantitative analysis for Villahermosa, Tabasco (Mexico),
which shows that the change in land use can increase flood depth by 7% to 22% and urban growth
(until 2050) can raise inundation level by up to 0.7 m. The conclusions from this case study reinforced
our current understanding that the current way of urban development is lack of sustainability and
resilience from the perspective of flood management.
(2)

Flood Behavior Analysis

Our current flood frequency analysis is usually based on stationarity that the probability
distributions derived from the historical data is applicable to the future. This can yield misleading
results as the temporal and spatial distribution of flood is constantly changing especially under
climate change and intensified human activities. Zhang et al. [18] proposes a nonstationary flood
frequency analysis for a more accurate representation of flooding. Saravi et al. [19] uses Machine
Learning techniques to study the impact of different types of flood based on a big database in the
U.S.A. The findings are useful in guiding planning and management to enhance flood resilience.
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Analytical Frameworks and Indices

Fenner et al. [20] presents the latest research outputs from the Urban Flood Resilience research
project, where methodologies and tools are developed to facilitate transformative change against
extreme rainfall events driven by climate change and rapid urbanization. A roadmap is proposed in
this project for urban drainage adaptation over the next 40 years. A Natural Capital Planning Tool is
also developed to calculate the theoretical minimum and maximum possible scores of a given site with
respect to the natural capital and associated multiple benefits, which is useful in guiding the selection,
planning and design of various blue-green infrastructures.
Chen and Leandro [21] propose a novel time-varying index to assess flood resilience at household
level during and after a flooding event, based on physical factors, and social and economic factors,
respectively. The proposed assessment method is tested on a real-life case in Munich, Germany.
Cascading failures caused by flooding are not uncommon, e.g., critical infrastructures such as
a water supply network can be knocked down by a flooding event. Joannou et al. [22] proposes a
systems-of-systems approach to identify how resilience can be improved to enhance the performance
of a water supply system during times of flooding.
(4)

Intervention Strategies

The reasonable determination of floodway is key to strike a balance between enhancing resilience
towards riverine flooding and maximizing the area of land for human activities. Cho et al. [23] provides
a contribution to the literature by the study of optimization of floodway using advanced modeling and
optimization tools.
Flood control material and emergency logistics play an important role in enhancing flood resilience
by providing resources to prepare for, respond to, and recover from flooding. Wang et al. [24] develops
an allocation model to maximize the retrieval efficiency and shelf stability.
Unmanned Aircraft Systems (UAS) are increasingly used by emergency responders to acquire core
information pre-, during- and post-events. Salmoral et al. [25] develops a guideline on the use of UAS
to maximize its benefits for responding to flood and enhancing system resilience that is transferable to
multiple countries.
The public reception of flood risk and resilience is of vital importance to the delivery of flood
resilience studies, which is surveyed and analysed in Wang et al. [26] by a case study in Jingdezhen,
China. Results show that gender, age, education level, experience and knowledge of flooding, income
level, and the attitude/level of trust in the governance have influences on public risk perception of
flooding. The findings are useful for developing targeted activities to actively engage public in building
flood resilience.
3. Conclusions
The research articles in this Special Issue addressed the challenges in flood management and
proposed new methods, models and tools for understanding and improve flood resilience in the
following four themes: hazard and risk analysis, flood behavior analysis, assessment frameworks and
metrics, intervention strategies. Their contributions are discussed in the broader context of the field of
flood management and help move towards integrate risk and resilience management.
Research challenges in achieving sustainable flood management remain in many aspects,
including developing fast, accurate, high-resolution flood models, characterizing various uncertainties
including deep uncertainty, developing integrated risk and resilience frameworks and effective
metrics, understanding the relationships between flood risk and resilience, and developing adaptive
management strategies with innovative technologies including machine learning technologies.
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