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Climate change is affecting countries in the 2 Seas region (Netherlands, Belgium, France, and the UK area) 
faster and more extreme than previously expected. The countries in this region face a major threat from 
increasing sea levels. Particularly because it is unknown how robust the flood defences are or how well the 
emergency response is organized in a real-life situation. There is also a scarcity of well-trained water 
managers, as well as a lack of knowledge transfer and societal awareness. The Hedwigepolder in the 
Netherlands, along with an adjacent part of the Flemish Prosperpolder, is the largest tidal area in Western 
Europe, covering 465 hectares. In function of the Sigma plan, the existing dike is in a phase of depoldering. 
The current "Scheldedijk" will be removed and replaced with a new levee further inland. Polder2C's approach 
to the development of flood resistance measures is unique. The depoldering of the Hedwige-Prosperpolder 
has created a six km² living lab environment where new and innovative techniques, processes, procedures, 
and products can be tested for practical validation. Implementing and successfully executing appropriate 
flood emergency procedures are critical to a successful flood emergency response. For this to succeed you 
need the right kind of tools and expertise. It is also critical that everyone participating follows the same set of 
guidelines. To answer this, the Polder2C's project knowledge and insights will be integrated with existing 
knowledge to provide a set of useful tools. These tools could then be used for flood defence and emergency 
response at levees and sites different from HPP and for different climate scenarios. Based on the findings 
obtained in this project, current practices and guidelines will also be evaluated and a proposal for an update 
to “The International Levee Handbook” and “International Handbook for Emergency Response to Flood Risk” 
will be addressed if shortcomings are observed. This toolbox will be made up out of a combination of 
information (e.g., wiki, data centre) and practicalities (e.g., calculation methods, inspection strategies, 
blueprints, checklists, ...). As a result, it will be an invaluable tool for training flood-fighting and emergency-
response personnel. It will provide good practices and share lessons learnt from levees and dikes in different 
scenarios and climates from all over the world. This toolbox will provide these “commonly agreed tools”, 
covering flood defences and emergency response management as well as specific topics like failure 
mechanisms, intervention approaches, and so on.
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Flood flows arrive through channels in response to inflow increases or surge waves. Natural channels are 
irregular, so must be defined in a model by 3D description of the channel bed. Such 3D models may be physical 
(as in a scale model in a laboratory), or computational, but in both cases water boundaries at the open ends 
of a channel reach and any free surfaces complete the definition of a control element used as the conceptual 
basis of the model. Within each element, a balance equation will express a conservation law if inflow – outflow 
= change in storage. 
Well-known conservation laws balance energy, momentum and mass in this way. Energy and mass are scalar, 
producing only one 3D balance equation each, while momentum is a vector quantity, producing three 3D 
balance equations, one for each of three vector components. In Newtonian mechanics, mass balances are 
always accurate, but both energy and momentum balances are inaccurate, requiring correction by the 
introduction of friction. 
Mechanical energy balances also need to allow for conversions to and from non-mechanical energy. For 
example, electrical energy may be converted from mechanical energy through a dynamo, then returned to 
mechanical energy through an electric pump. After such allowances, the residual corrections required to 
make up the balance are called “energy losses” in hydraulics. These losses divide into two categories: 
resistance losses and shock losses. 
Resistance energy losses have a direct analogy with bed and wall shear in momentum balances, as both are 
considered to arise from the action of the channel perimeter on the passing flow. The transfer of shear stress 
from a fixed perimeter to turbulent flow is the subject of continuing research. Semi-empirical rules such as 
the Manning formula have been developed with reasonable success, unless an attempt is made to subdivide 
the control element laterally or vertically by conceptual surfaces to create 2D or 3D sub-elements. Then 
modelling shear stress faces the additional challenge of arbitrarily divided turbulent flows. 
Forces normal to the channel bed and walls do no work, and so make no contribution to the energy balance. 
However, in an irregular channel, normal force components may have a significant effect on the streamwise 
momentum balance. Proper accounting for the details of these becomes more difficult as the channel 
topography becomes more complex. 
Therefore, energy (scalar) modelling has a strong validity advantage over momentum (vector) modelling, 
except where shock losses occur. This will not happen where resistance losses dominate shock losses, so a 
criterion can be set up for choosing between vector and scalar modelling based on the ratio of resistance 
losses to shock losses. If this validity ratio Nv is greater than unity, scalar modelling is more accurate. 
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Design flood estimation remains an ongoing problem.  A common approach to obtaining the desired design 
flood quantiles is to use catchment models.  When using this approach, it is desirable to calibrate the 
catchment model.  Calibration of a catchment model requires the catchment model be used to predict the 
catchment response to a historical event; in other words, the catchment model is being used to predict the 
data that would have been recorded if monitoring were available for that event.  The predicted flood 
characteristics are then compared with recorded flood characteristics using a metric of some form.  Having 
calibrated the catchment model, the design flood quantiles are obtained for the desired climatic and 
catchment conditions using two generic approaches discussed in ARR - use of the model in a statistical sense 
(AEP Neutral) and in a deterministic sense (continuous) where the catchment model is used to generate data 
equivalent to what would have been recorded if monitoring were available for the desired climatic and 
catchment conditions.  However, guidance in ARR is not provided on what value of calibration metric is 
required for robust prediction of design flood quantiles.  This paper addresses that question using data from 
the Powells Creek catchment in Sydney, Australia.  A SWMM based model of the Powells Creek catchment 
was calibrated against 25 events.  The purpose of this calibration was finding the most generic parameter set; 
the most generic parameter set is the one that performs best over all events considered.  Using the identified 
generic parameter sets, continuous time series of flow were predicted and analysed using FFA techniques.  
The design flood quantiles obtained from the catchment model were compared with those obtained from the 
monitored data over the same period for different values of calibration metric.
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Like many rivers in the world, most big streams in Germany and Austria are developed with cascades of run-
of-river hydropower plants, meeting various operational objectives, such as power generation, navigation or 
flood protection. Especially big flood events like the flood of June 2013 at the Danube basin are raising the 
important question whether it is possible to use the reservoirs of the run-of-river plants for the reduction of 
flood peaks by defining an intelligent control for the plants. Comparatively low heads and no large reservoirs 
characterize these impounded rivers. 
Possible flood mitigation measures are manifold and constantly under discussion by research and the public 
with regard to feasibility and effect. In order to investigate various measures for the Bavarian Inn as the largest 
German tributary of the Danube, a study on retention potential was commissioned by the Bavarian State 
Office for the Environment, in which the adapted management of the plants was also investigated by the 
Department of Hydraulic Engineering and Water Resources Management of Kassel University. The 
effectiveness of barrage management, which can be implemented without major structural changes, has 
been constantly questioned and was investigated in detail in this study.  
The conducted investigations show that for the Bavarian Inn (210 km, 15 power plants in total with max. 
heads about 10 m, max. 100-year flood 6800 m³/s) a potential to reduce flood peaks with an adapted control 
can be given. Furthermore, they are pointing out that a good process understanding of the interaction 
between the operation of the hydropower plants and the flow characteristics of the examined river is needed. 
Extensive analyses and sensitivity studies for a large variety of parameters and measured values are also 
necessary as well as performing the examination based on operationally available data. Only by considerating 
all named aspects using a complex model system, it is ultimately possible to define control options relevant 
for real operations.  
The study is carried out using a 1D hydrodynamic numerical model, covering over 260 km of streams with 
different lateral inflows, which is implemented into MATLAB/Simulink to integrate control systems and 
automation features. While using practicable values for drawdowns and gradients plus defining the process 
based on operationally available values, a reduction up to 9 % can be achieved, depending on the height and 
shape of the flood wave. This corresponds to a reduction of the maximum water level of up to about 35 cm 
in the estuary area of Inn and Danube, which can have great influence on flooded areas, with a retained 
volume of up to 20 million m³ in the peak area of the flood. Based on detailed investigations, the methodology 
applied can be and is currently being transferred to other river systems.  
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The aim of this study is to identify and quantify flood risks caused by overflows of the urban drainage network 
in urban and peri-urban areas of the Madrid region. A total of 136 municipalities whose drainage network is 
managed by Canal de Isabel II have been individually characterized. 
Urban flood risk assessment is carried out based on the following risk equation: 
Risk=Hazard*Exposure*Vulnerability 
Hazard has been calculated as the flood caused by the drainage overflows that occur by a local 10-year design 
rainfall. Drainage overflows are obtained by a 1D hydraulic sewage model for a municipality or sanitation 
system, there is a hydrograph for every manhole and weir overflowing. Those are the input to the 2D 
hydrological. Flooded area is provided as safe, non-safe and non-flooded areas.  Hazard is given in terms of 
flooding time, water depth and velocity flow.  
Within the exposure elements there is population weighted by census sections of the city as well as economic 
activity. In the case of road traffic, it is considered vulnerable according to the damage that the depth of the 
water and the velocity of the flow could cause to traffic flow or vehicles. Private traffic is weighted by 
occupancy and dimension of the road while number of public bus lines defines the vulnerability for public 
transportation. In this study, it was also included the environment, specifically the vulnerability to discharges 
in natural parks and reservoirs and the affection of the IPPC (integrated pollution prevention and control). 
The fifth exposure element is a series of 11 categories such a garage and basement floors or strategic 
infrastructure points. 
Results for hazard, vulnerability and risk are visually available in an ad-hoc SIG map. They serve to identify 
flood-prone areas and the risk level over urban sector population, economical, infrastructures (public and 
private road traffic, rail infrastructures and singular buildings) and the environmental sectors. 
An urban flood risk map by municipalities is also obtained as well as a hazard-risk scatter diagram that ranks 
the municipal sewer network. This is useful to prioritize technical improvement measures related to the 
sanitation system because now the urban flood risk criterion is also included on the decision making. 
The region has over 800.000 Ha surface area mainly impervious and a total of 6.7 million inhabitants 
distributed in 179 municipalities. 
The methodology for assessing the impact methodology of flood was developed and coded in a flexible tool 
where parameters such as rainfall events or watershed permeability of the watershed can be updated so that 
the risk map can be recomputed as the municipalities grow and the maintenance of infrastructures evolves.
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Traditionally, building and infrastructure damage analysis is performed by interfacing point data showing the 
locations of buildings and other assets (often in the form of a shapefile) with observed or numerically 
simulated flood depth and/or flood unit discharge (depth x velocity) maps. The flood depth and/or unit 
discharge values extracted at asset locations are then used to count the number of buildings in flood zones 
(by danger levels). Appropriate damage curves help assess the level of damage at each asset. However, the 
use of point data to represent assets has significant limitations and weaknesses. Representing a building or a 
critical infrastructure asset, which occupies a finite area, by a single point is overly simplistic and may lead to 
an underestimation of flood damages. This is especially the case when buildings or assets are located near 
the edge of an inundation area, such that they are only partially flooded. Recently, geospatial data layers of 
building footprints have become more widely available from various sources, especially in and around major 
metropolitan areas. Building footprint data, often obtainable as a shapefile, represents each building by a 
polygon feature. The present paper demonstrates how a better estimation of flood damages can be achieved 
by interfacing building polygon data with flood depth and flood unit discharge maps. The proposed 
methodology is applied using an illustrative case study of flooding that occurred in mid-Michigan in May 2020 
due to the cascading failure of two dams. The building damage levels are determined using two methods, the 
building polygons from IBM Building Footprint data and the centroid point data of each feature. The resulting 
counts of buildings and the damage levels are compared. The results of the comparison are presented, along 
with conclusions and recommendations.
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Flood hazard maps alone are not sufficient for a risk assessment. A main part of flood risk depends on the 
existence of vulnerable elements exposed to flooding in the region. In addition, in most studies, river flooding 
risk assessment is accomplished with the aim of hydraulic and social vulnerability to flooding, and vulnerability 
of Urban Critical Infrastructure (UCI) to flooding are ignored or gain less attention. This is while such critical 
hotspots are considered as the first-responders and have a major role in the process of rehabilitation and 
recovery after disasters. Therefore, their pre-assessment in a flood-prone area is of great importance. On this 
basis, the current paper aims at 1) comparing the fluvial flood risk zoning map, considering various land-uses 
and urban critical infrastructures (UCIs), 2) evaluating the level of UCIs’ exposure to flood hazard in the region, 
3) discussing the general flood resilience and the possibility of increased vulnerability of UCIs due to a domino 
effect and indirect impacts of infrastructures on each other. This paper contains two case studies for two 
urban rivers in Berat, Albania, and Sarajevo, Bosnia. The analysis is mainly done in GIS environment, where 
various flood scenarios with different return periods are considered. The results have the potential to give 
insight to urban planning professionals for risk-based decision-making and dealing with infrastructure 
management in the region.
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Stochastic weather generators combined with hydrological models have been proposed for continuous 
synthetic simulation to estimate return periods of extreme floods. Yet, this approach relies upon the length 
and spatial distribution of the precipitation input data series, which often are scarce, especially in arid and 
semiarid regions. In this work, we present a new approach for the estimation of extreme floods based on the 
continuous synthetic simulation method supported with inputs of (a) a regional study of extreme precipitation 
to improve the calibration of the weather generator (GWEX), and (b) non-systematic flood information (i.e., 
historical information and/or palaeoflood records) for the validation of the generated discharges with a fully 
distributed hydrological model (TETIS). The results showed that this complementary information of extremes 
allowed for a more accurate implementation of both the weather generator and the hydrological model. This, 
in turn, improved the flood quantile estimates, especially for those associated with return periods higher than 
50 years but also for higher quantiles (up to approximately 500 years). Therefore, it has been proved that 
continuous synthetic simulation studies focused on the estimation of extreme floods should incorporate a 
generalized representation of regional extreme rainfall and/or non-systematic flood data, particularly in 
regions with scarce hydrometeorological records. 
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The objective of this study is to propose a new methodology for the assessment of flood hazard induced by 
the formation of levee breaches due to overtopping flows. The proposed methodology relies on the definition 
of a new breach model and on the flood hazard assessment (i.e. water height in area of interest) through a 
deterministic simulation. The methodology is implemented in the open-source hydrodynamic suite of solvers 
TELEMAC-MASCARET (www.opentelemac.org) and applied to the Loire river using the two-dimensional (2D) 
depth-averaged hydrodynamic code TELEMAC-2D. We chose a flood scenario corresponding to a return 
period of around 500 years and we compared results to those obtained by performing 3,000 Monte-Carlo 
simulations using uniform distribution of the model parameters. Results suggest that the deterministic 
simulation should be completed by a set of well-chosen deterministic scenarios in order to cover the large 
uncertainty showed by the computational costly Monte-Carlo simulations.
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A dam break is the partial or catastrophic failure of a dam which leads to an uncontrolled release of water 
and causes significant hazard due to downstream flood damage. Increase in urbanization and changes in 
hydrological cycle in the effect of to global warming increases the frequency of these hazards. In this study, 
potential flood hazard due to overtopping caused by insufficient spillway capacity for Urkmez Dam located at 
Turkey was examined. Potential hazards were evaluated due to dam failure in several scenarios by 
implementing various breach parameter prediction methods, and optimum location for early warning system 
was proposed as a flood mitigation measure.
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There is a continuing push to map flooding for the whole of Australia to help manage natural disaster risk. 
This has resulted in a common approach where national coverage is given priority over quality mapping in 
areas of risk. This trade-off between extent and population at risk has seen limited funds spread thinly over a 
broad area. There is also a move to adopt an all hazards approach where all natural disaster risks are 
presented on one map, including floods, fire, storm surge, earthquake, hail, landslide and wind. 
  
There are many good reasons to invest in flood mapping as it can lead to informed decision making, better 
planning, setting insurance premiums and the community having a better understanding of risk. However, 
are any of these end users served by unreliable maps? The public and private business’s use of this 
information is based around an assumption that this information is of a reasonable quality and can be relied 
upon for decision making. When some of this information is not reliable or low quality these groups question 
the quality of all the information. Low quality broad-brush mapping is being used for important investment 
decisions. It is important that this information is reliable. The counter argument is that low reliability mapping 
leads to further detailed assessments. 
  
This paper analyses the advantages and disadvantages of broad-brush flood mapping and the arguments used 
to justify their use. A number of examples of the use of broad-brush mapping are analysed. Alternative ways 
that risk can be mapped other than probability including historical floods and soil type based maps, are 
discussed. Recommendations are made based on accuracy of the mapping and the underlying hydraulic 
model on the appropriate the use of different mapping types.
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The analysis of steady and unsteady flows in natural rivers highly depends on the values of Manning’s 
roughness coefficient (n). Estimation of n values has higher uncertainty compared to the other effective 
parameters. In addition to the problems of determining the n in a cross section, its changes in the longitudinal 
section of rivers are also factors in increasing the uncertainty in flood routing. One of the methods for 
identifying the n values is the field measurement. In this study, a new method is presented to introduce the 
best filed measurement points in the longitudinal section of rivers. The proposed method is based on the use 
of Monte Carlo simulation, random search optimization, clustering, and GLUE algorithm. According to this 
method, the best field measurement points can be suggested in such a way that the degree of uncertainty is 
significantly reduced. The results of this study show that as the distance between the measurement points of 
Manning coefficient and hydrometric downstream stations increases, the error rate in flood routing decreases 
accordingly.
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This study proposes a method to obtain the dam inflow predictions applicable to multipurpose dams. In 
recent years, in response to the frequent floods that have occurred in Japan as well as worldwide, enhancing 
the flood control function of dams by leveraging preliminary discharge prior to a severe flood has attracted 
considerable attention. The flood control function of dams has occasionally been lost due to inflows beyond 
their accommodation capacity, and thus, functional enhancement is required. In addition, flood control 
through effective use of the dam’s storage function is desired for even water-use dams. However, because 
specific flood control operations have not been established, there is concern regarding the adverse effects of 
such actions on water use. For instance, water storage capacity would be lost if much rainfall was predicted 
but less rainfall occurred. Therefore, difficult judgments on the implementation of preliminary discharge 
values prior to a severe flood are required, and this increases the burden on managers. Additionally, for 
effective disaster prevention, it is also important to predict situations that have never been experienced. 
Thus, improving the accuracy of inflow prediction for multipurpose dams with functions of flood control as 
well as water use is an important endeavor. This study developed a regression model capable of predicting 
the inflow of dams based on an analysis using the Elastic Net, a sparse modeling method utilized to identify 
relationships between data from small amounts of information. In summary, Elastic Net is a practical method 
that is useful for making proper predictions, even in circumstances with limited information provided by 
observations. 
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Effect of climate change on the extreme flood was investigated using mega ensemble climate change 
projections called d4PDF and a basin-scale distributed rainfall-runoff/flood-inundation (hereafter DRRFI) 
model. d4PDF stands for “database for Policy Decision making for Future climate change”. d4PDF is a data set 
of the large ensemble climate simulations with a 60 km atmospheric general circulation model for the entire 
globe and dynamical downscaling with a 20 km regional climate model around Japan. 3000 year data exist for 
September 1950 – August 2011 (60 years x 50 members = 3000 years) . Likewise, 5400 year data exist for 
September 2050 – August 2111 (60 years x 90 members = 5400 years). 90 members consist of 6 different SST 
simulations x 15 perturbations. Using this data set, the annual maximum 24 hour rainfall – return level was 
estimated by statistical analysis using Generalized Extreme Value (GEV) distribution. Such mega ensemble 
climate projections enabled to draw detailed probabilistic rainfall – return level plot. Then, using the result of 
the statistical analysis, possible maximum flooding of the Yodogawa River basin (catchment area: approx. 
8400 km2) was investigated using DRRFI. DRRFI can simulate discharge, water level of the rivers as well as the 
inundation depths of the entire basin. As a result, it was observed that some members of the ensemble 
discharges became larger than the design flood level (before regulation) of the basin. 
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Nature-based solutions to climate change involve restoring, creating, and/or managing ecosystems to help 
mitigate the expected impacts of climate change. These approaches are being used around the world to 
address hydrometeorological hazards, including flooding, droughts, landslides, and many others. The aim of 
nature-based solutions is to apply what we learn from observing nature to sustainably mitigate hazards and, 
avoid other harmful interventions to move towards resilient ecosystems. In this conference paper, we 
assessed and evaluated the principles of nature-based solutions to the sustainable management of flooding, 
coastal erosion, and drought in  Baltimore Maryland, and East Africa. Several research findings indicated that 
climate change-associated challenges such as flooding, coastal erosion, and droughts can be reduced by 
nature-based solutions such as coastal vegetation restoration, implementation of green infrastructure in the 
urban area, and stream restoration over the past four years.
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When a dam break occurs, a flood wave is generated and propagated downstream. Since the released volume 
of water can reach hundreds of millions of cubic meters, this kind of event is characterized by a marked 
catastrophic character. For predictive purposes, i.e., the evaluation of dam break flood hazard, there is a need 
for reliable models for both the computation of the dam break hydrograph and the flood wave propagation. 
Dam break modelling has in itself different uncertainties, especially if the failure affects an earthen dam. In 
this case, the rupture, known in the literature as dam breach, is a progressive erosion of the embankment 
induced by the water flow over the breach due to the emptying of the reservoir. Therefore, dam breach 
modelling involves several complexities, such as the breach development over time, to manage which 
assumptions need to be made, introducing some model parameters. The number of parameters depends on 
the kind of dam breach model. If a simplified physically-based model is used, the main schematization 
concerns the shape of the breach, thus the uncertainties of the hydrograph computation are related to some 
shape parameters.  
The uncertainties on the calculation of the hydrograph also affect the propagation of the flood wave along 
the downstream reach. In this work, the propagation of the dam breach hydrographs will be studied and, in 
particular, the effect of varying dam breach model parameters on the flood wave routing will be examined. 
Different values of flood volume, longitudinal downstream slope and dam breach model parameters will be 
considered and the sensitivity of flood routing to these parameters will be studied, by carrying out simulations 
on prismatic channels. With the same dam-reservoir system, different model parameters lead to different 
dam breach hydrographs as well as peak discharges at the dam. Presenting the results in dimensionless form, 
this difference is shown to be progressively reduced while propagating downstream. These results allow to 
highlight the situations that require a careful choice of the dam breach model parameters, in order to obtain 
a safe evaluation of the downstream flooded areas. 
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Quantifying the effects of human activity on flooding is of paramount importance for risk estimation, land 
planning and to understand hydrologic change, more specifically to disentangle the role of climate from that 
played by local human interventions. We focus here on the multiple reservoirs effects on the occurrence of 
floods at the catchment scale; indeed, the presence of reservoirs generally produces an attenuation of flood 
peaks downstream thanks to their storage capacity (that reserved for flood control). To quantify the impact 
of one or more unregulated reservoirs on peak flood quantiles at the catchment outlet we present here a 
simple modeling framework. The framework, which is based on a parsimonious Instantaneous Unit 
Hydrograph (IUH) method, explicitly accounts for cause-effect mechanisms as in hydrologic-hydraulic 
simulation, while it keeps simplicity and applicability to many sites, that are the advantages of the data-based 
approaches. Specifically, the framework consider the reservoirs located in series along the main channel. 
Furthermore, thanks to some common simplifying assumptions, an approximate analytical solution of the 
catchment response is provided, useful to easily quantify the reservoir effect at the regional scale and to 
evaluate how the spatial distribution of the reservoirs affect flood occurrence.
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The Benin Electricity Access Scale-up (BEAS) project, a World Bank investment project, aims to increase the 
electricity access in Benin by 2030 through the densification and extension of the electricity distribution grids. 
Doing so in a cost-efficient and climate resilient manner, climate and disaster risk screening were performed 
and measures to improve the climate resilience of the investments were proposed during the project design 
stage. 
 
This paper will focus on the performed climate and disaster risk screening and will illustrate how this screening 
step contributes to the vulnerability assessment and the proposition of climate resilient measures. The paper 
will moreover demonstrate how with the use of publicly available tools and datasets, natural hazard maps 
can be improved to a level of sufficient scale to evaluate climate resilience of investments on country scale. 
The paper will furthermore share the data gaps, limitations, strengths, and future steps of the methodology 
as well as the lessons learned to replicate and mainstream the integration of climate risks in similar energy 
projects in the region. 
 
Potential hazards to the BEAS-project investments in current and future climate (time horizon 2030 and 
representative concentration pathway 8.5) were identified by means of publicly available tools and datasets. 
Among several natural hazards, floods were identified to be important hazards in the current climate and 
were found to remain as such in future climate. An ensemble of publicly available flood maps for the different 
flood types and for a range of return periods were further statistically analyzed in terms of intensity, 
frequency and location. The statistical analysis determined the different hazard levels and thereafter assigned 
a hazard level to each location. By means of the ensemble of flood maps per flood type, the uncertainties 
arising from the flood modelling step were also addressed. The statistical analysis yielded a high resolution 
(900m x 900m) flood hazard map covering the entire Benin territory (114.763 km²). 
 
The hazard map was overlayed with the BEAS-project investment map in order to identify the hazard levels 
to which the electricity grid equipment is exposed to. By combining the fragility of the grid equipment, 
characterized by damage functions, with the different hazard levels, the vulnerability of project investments 
to flooding in a rural and urban region was assessed and the economic losses were estimated. The effect of 
resilient solutions against floods on the damage functions as well as the potential economic benefits were 
illustrated. 
 
The results have been obtained within the project “Benin Climate Change and Flooding Disaster Risk and 
Vulnerability Assessment for BEAS Project” on behalf of the World Bank, who are gratefully acknowledged for 
their support. The project received funding from the Nordic Development Fund (NDF) under the Africa Climate 
Change Program and from AFRI-RES. 



Theme 8 

Extreme events: from droughts 
to floods 
 
 



Theme 8 

Extreme events: from droughts 
to floods 
 
 

Adaptation planning of regional ports based on a multi-hazard climate 
change risk assessment 

Mr. Alberto Fernandez1, Dr. Javier  L. Lara1, Mr. David Lucio1, Dr. Iñigo J.  Losada1 

1IHCantabria, Santander, Spain 

Theme 8: Extreme events: from droughts to floods (11), Seminario 7, junio 24, 2022, 8:30 - 10:00 

Regional ports are essential in the development of local communities, being a key source of income and 
economic activities of coastal regions. Due to the necessity of maintenance, repairs, and upgrades, they are 
also the target of great investments of local governments. This necessity arises from the high exposure of 
these ports to climate-related hazards given their location in coastal zones. In addition, climate change trends 
will condition the variation of those hazards, including a high degree of uncertainty in their evolution in the 
upcoming years, which encourages including probabilistic high-resolution analysis of the evolution of these 
hazards.  
Hence, it is proposed a holistic risk analysis that considers the impact of diverse climate-related hazards in 
the port area, and their affection to port infrastructure, elements and economic activities, considering not 
only actual impacts, but how they will evolve in the future due to climate variability and assessing their related 
economic consequences. This analysis allows not only focusing on the main shortcomings (in terms of 
reliability, functionality and operability) a given port may experience, but also to develop a consistent port 
planning that minimizes climate-related impacts now and in the future, comparing the economic benefits of 
risk reduction with economic costs of adaptation at different points of port’s lifespan.  
 Thus, a robust tool for port planners and decision-makers is developed in order to provide economical and 
technical solidity to regional ports and ensure resilience against climate change. The methodology described 
here was applied to a specific case study on a regional port located in the Cantabrian Sea. 
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Dam breaks can cause important economic and human losses. Therefore, several regulations and 
recommendations for their construction and maintenance aim to guaranty their safety. The failure of such 
infrastructure can be driven by floods that exceed the design spillway capacity. Usually, design floods are 
estimated through a statistical analysis of observed data in the past, though such data are usually short. 
Moreover, design floods are usually estimated for high return periods greater than 500 years, and climate 
change is expected to increase the frequency and magnitude of floods in the future. Therefore, new 
methodologies to assess hydrological dam safety considering short observed data and climate change are 
required.  
In this study, a stochastic methodology to assess hydrological dam safety considering climate change is 
presented. The methodology is applied to the Eugui dam on the Arga river in the north of Spain. The Eugui 
dam has a gated spillway.  
The stochastic model STORAGE (De Luca and Petroselli, 2021) based on the Neymann-Scott Rectangular Pulse 
Model has been used to simulate long time series of precipitation. The model generates a maximum of 500 
years of rainfall at high resolution. Delta changes extracted from precipitation projections of 12 climate 
models, three periods (2011-2040, 2041-2070, 2071-2100) and two emission scenarios (RCP 4.5 and RCP 8.5) 
(Garijo and Mediero, 2019) are used to consider climate change in the STORAGE model. 
The precipitation time series generated stochastically are transformed into runoff time series by using the 
COSMO4SUB model (Grimaldi et al., 2021). It is a continuous model that uses as input data a high-resolution 
digital terrain model, land cover / soil type data, and the precipitation supplied by the STORAGE model, 
providing as output a continuous runoff time series from which it is possible to extract annual maximum 
hydrographs. 
Time series of annual maximum hydrographs are considered as inflow hydrographs to the reservoir. The 
Volume Evaluation Method (MEV) (Girón, 1988) is applied to simulate the operation of spillway gates, 
obtaining maximum water levels in the reservoir and outflow hydrographs. The MEV method specifies when 
the gates should be opened and closed to reach the target final water level, based on the reservoir curve and 
spillway capacity. Hydrological dam safety is assessed with the frequency curve of maximum water levels in 
the reservoir for the 12 climate models, three return periods and two emission scenarios mentioned above. 
Therefore, the methodology proposed allows practitioners and dam owners to check the hydrological dam 
safety requirements detailed in the regulations, accounting for climate change. 
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Coastal systems and low-lying areas are highly exposed to climate change and sea-level rise, triggering 
impacts with adverse consequences for coastal communities and economic activity. Hazards related to wave 
climate in a context of climate change are increasing risks derived from coastal flooding, coastal erosion as 
well as decreasing port competitiveness due to an operability loss. Then, an accurate characterization of wave 
hazards should be performed prior to evaluating climate change-induced impacts in coastal areas. Such long-
term modeling is based on the latest offshore high-resolution climate projections and a reliable description 
of wave transformation processes from deep water to nearshore. High-resolution climate projections are 
composed by continuous-time multivariate time series representing offshore wave climate variabilities over 
fixed temporal windows (past and future time periods) under the current and future climate change scenarios. 
In particular, high-resolution climate projections applied in this work are composed by five general circulation 
models (GCMs) dynamically modeling at hourly time-scale offshore wave climate in the baseline and RCP4.5 
and RCP8.5 scenarios, both in the short-term (mid-century) and long-term (end of the century). By, firstly, 
applying advanced statistical techniques to capture statistical relationships between extreme climatic drivers 
in an offshore location, and secondly, applying a high-fidelity wave propagation strategy which includes sea-
level rise evolution in time, downscaled nearshore extreme events are obtained. Because such time-series 
keep the multivariate behavior between climate drivers at the same time that SLR-induced wave 
transformation processes such as wave breaking is taken into account, a realistic representation of future 
joint probability of occurrence of wave extreme events at coastal areas can be performed. It is motivated 
because according to Zscheischler et al. (2018), not considering combination of climate drivers could involve 
an underestimation of impacts posed by climate change. To overcome such issue, a novel trivariate joint 
probability modeling of extreme events is presented. It involves characterizing the relationships of 
dependency between the significant wave height, the peak wave period and the still-water level as the main 
climatic drivers of the coastal processes to be studied (i.e. wave run-up, wave overtopping or armor layer 
stability). It allows understanding how future wave climate events evolves as climate change progresses 
instead of focusing on an isolate climate driver. During the talk, a representative case study on the Spanish 
coast will be used for illustrating how implementing the proposed three-dimensional frequency analysis. 
Obtaining nearshore extreme and regular time-series allows calculating the future multivariate distributions 
as well as the related probability of occurrence. It allows moving from traditional univariate and bivariate 
analysis to a multidimensional approach, integrating changes of climate change over the main climatic drivers 
triggering a coastal hazard. 
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The UN’s Intergovernmental Panel on Climate Change (IPCC) indicated that an annual investment of $2.4 
trillion is needed to limit temperature rise to below 1.5 °C from pre-industrial levels. However, even if 
emissions are reduced and efforts on reforestation are done, it will be necessary to adapt to rising 
temperatures [1].  
 
In coastal zones, the design of management strategies requires the statistical characterization of maritime 
climate from available projections. These consist of an ensemble of multivariate time series obtained from a 
wave generation and propagation model forced by atmospheric phenomena from different combinations of 
Global Climate Models (GCMs) and Regional Climate Models (RCM) under a given RCP scenario. The number 
of realizations of these models is still low what makes it difficult to assess the uncertainty associated to the 
future wave climate [2].  
 
The present study is based on Marinetools.temporal, an open-source software aimed at providing users with 
a friendly and general code to statistically analyze a vector random process (VRP) to obtain new realizations 
of it [3]. It uses nonstationary mixed distributions to characterize the marginal variables and a vectorial 
autoregressive model to infer the dependence of each component at a given time with previous values of the 
vector. The model is applied along the Andalusian coast to a set of several GCM-RCM combinations following 
the procedure developed in [2]. The results are presented in a web app where managers can visualize the 
position along the Andalusian coast where the analysis is done using GIS technology. The values of the 
parameters used for the non-stationary characterization can be downloaded from the tool. These parameters 
can be used for generating new timeseries of future wave climate for their use in coastal engineering studies 
under a climate change scenario.  
 
During the presentation, the methodology applied to characterize and simulate new VRPs, the visualization 
and download tool of the web application, as well as the steps to generate new statistically equivalent 
stochastic realizations of the VRPs using the downloaded data and the tool, will be briefly presented. 
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Efficient and reliable operation of coastal hydraulic structures for discharging the excess inland water to the 
oceans is essential for addressing regional flooding and seawater intrusion. Often, the sea level variations 
combined with tidal conditions establish the downstream water levels of these structures, thus influencing 
the discharge capacity and level of service (LOS) provided by these entities. This study focuses on assessing 
the influence of sea-level rise and tidal variations on the operational capacity of a coastal hydraulic structure 
in South Florida, USA. Historical daily and hourly tailwater levels are analyzed to assess different stage 
hydrographs and their shapes. The tailwater stages are evaluated to derive the stage hydrograph through a 
moving window overlapping temporal block (MWOTB) approach using several nonparametric (such as 
bootstrapping and kernel density estimation), parametric and cluster-based techniques. Harmonic analysis of 
tailwater stage data is carried out to obtain the tidal constituents such as storm surge, tidal residuals, and 
mean sea level variations. The storm surge hydrographs associated with hurricane (cyclone) and non-
hurricane events are developed using nonparametric, cluster- and frequency-based approaches to assess 
their shapes. Results from the comprehensive analysis of stages indicate that stage extremes are confined to 
specific months of the year. A persistent increase in the stage was observed for all the months during the past 
decade, which plausibly hints towards the sea level rise in the region. An increasing trend in the consecutive 
days with tailwater stages equaling or exceeding the 90th and 95th percentile stage value is noted. High 
tailwater stages are observed during the periods that coincide with occurrences of King tides in the region 
based on the analysis using the MWOTB approach. The storm surge hydrographs have shown different 
distribution characteristics for the hurricane and the non-hurricane events. The work reported in this study 
proposes several approaches for the performance assessment of coastal hydraulic structures.
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Recently enacted federal policies and their implementation framework in adopting sea level change (SLC) in 
the U.S. for federal projects are described in this paper. Several federal agencies in the U.S. maintain trends 
in historical SLC and predict future global, regional, and local SLCs for different climate change scenarios. 
While U.S. Army Corps of Engineers (USACE) was the earliest to require incorporating physical effects of 
projected future SLC across the project life cycle for USACE projects, a consistent national strategy is emerging 
only recently. USACE also maintains the well-known “Sea Level Change Calculator” that now include several 
models of future SLC predictions in addition to the initial model based on U.S. National Research Council. The 
National Defense Authorization Acts (NDAAs) in recent years required that a project-specific flood mitigation 
plan be adopted for all U.S. Department of Defense (DoD) projects located within or partially within the 100-
year floodplain, and that considerations for the anticipated changing environmental conditions be included 
in facility designs. The federal interagency program on global change research (U.S. Global Change Research 
Program, USGCRP), the National Oceanic and Atmospheric Administration (NOAA) and recently National 
Aeronautics and Space Administration (NASA) while periodically provide future SLC projections to advance 
climate change science, they do not necessarily mandate these projections to be implemented in project 
planning. Some state and local agencies require specific measures to address future SLC for projects in their 
jurisdictions where the requirements are primarily guided by community exposure to flooding hazards. This 
paper presents a summary of the recent policy developments addressing SLC and alignment with existing 
industry codes and practices.
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Climate change will likely increase frequency and magnitude of precipitation extremes and floods. Increasing 
design peak flows in the future could lead to underestimations in the design capacity of current spillways, 
increasing the probability of exceedance of dam overtopping. Therefore, new methodologies are required for 
hydrological dam safety assessment considering climate change. This study presents a methodology for 
including the impact of climate change on floods and reservoir water levels to assess hydrological dam safety. 
The methodology is applied to the Eugui Dam in the River Arga catchment (Spain).  
The impact of climate change on floods in the River Arga catchment is quantified by using the delta changes 
in precipitation quantiles extracted from climate projections at the national scale in Spain (Garijo & Mediero, 
2019). The RIBS distributed hydrological model has been used to quantify the expected changes in flood 
quantiles at the Eugui Dam for three time windows (2011-2040, 2041-2070, and 2071-2100), two 
Representative Concentration Pathways (RCP 4.5 and RCP 8.5) and seven return periods (2, 5, 10, 50, 100, 
500 and 1000 years) (Lompi et al, 2021).  
The HBV continuous hydrological model is used with a daily time step to simulate inflow discharges in the 
Eugui reservoir using rainfall and temperature climate change projections as input data. The HBV model is 
calibrated with 13 years of observations of precipitation, temperature, as well as inflow discharges in the 
reservoir. A reservoir simulation model is developed to obtain reservoir water levels by using inflow 
discharges as input data and considering reservoir operation rules. The calibrated HBV model is forced with 
rainfall and temperature climate change projections for an ensemble of 12 climate models to assess the 
changes in the expected reservoir water levels at the Eugui dam for each time window and emission scenario, 
comparing the results between the future periods and the control period. 
A set of 10 000 peak inflow discharge values are randomly generated from GEV distribution functions fitted 
to the outputs of the RIBS model. A hydrograph shape and an initial reservoir water level is assigned to each 
peak flow. The Volumetric Evaluation Method (VEM) is used to simulate flow routing processes in the 
reservoir, as the Eugui Dam has a gated spillway. The frequency curve of maximum reservoir water levels is 
obtained for each scenario, assessing the expected changes in the probability of exceedance of dam 
overtopping. Moreover, a stochastic procedure gives a confidence level to the results analyzing all the 
uncertainty chain of the methodology. 
The methodology proposed in this study can assess hydrological dam safety considering the impact of climate 
change on floods and expected reservoir water levels, fulfilling the requirements of recent regulations to 
consider the impact of climate change on dams. 
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Floods in densely urbanized areas have a strong social and economic impact because of the high vulnerability 
of buildings and transportation networks. This vulnerability is heterogeneous as well as hazard so that a 
detailed estimate of flood risk requires a relevant description of the structure of the buildings and their 
environment. The DEUFI (DEtailing Urban Flood Impact) project (2019-2023) focuses on the representation 
of the detailed hydrodynamic processes and their effect on the modelling of flood risk. While one part of the 
project is dedicated to several laboratory experiments and their use to improve methods for simulating flow 
in the streets and in the buildings, a second part is based on two cases of cities (Nîmes and Oullins in France) 
that suffered flooding in recent years and for which measures are on going to reduce flood risk. Field 
investigations concern the hydrological features of the flood events, the social environment and the economic 
damages.  Results of the project are shared into the development of new methodologies and their application 
to these two cities. Advances in hydrodynamic modelling come from systematic identification of the openings 
of buildings and an adaptation of hydraulic structures equations for simulating flow through these openings 
considering the various types of openings and the various hydraulic conditions met during an urban flood. 
The accuracy of 2-D and 3-D hydraulic software is estimated comparing the calculation results to the 
laboratory measurements obtained on three facilities respectively aiming the opening, building and district 
scales. Economic damages are estimated by a detailed method that takes into account the actual flow 
conditions at building scale during an urban flood.  Danger for people is assessed for every building following 
a typology of the buildings, of their use and the sociological features of inhabitants. The advantages of the 
new methods based on detailed assessment are discussed considering their use for communication to 
stakeholders and for evaluating flood management plans. 
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With the increase of extreme rainstorms triggered by global climate change, the flood risk has become a major 
concern in French Mediterranean region. The deterministic distributed hydrological model MIKE SHE and 
hydraulic model MIKE 21 FM both play important roles in flood forecast and management. The topographic 
resolution is a key component for the accuracy of flood simulation. It represents the characteristics of the 
basin especially the slope distribution and the representation of the stream network. This study takes the 
Cagne catchment, on the French Riviera as study area. It covers 96 km² area with the elevation ranges from 0 
m to 1535 m and it densely urbanized with high risks of inundation in the downstream area. The simulation 
results from the MIKE SHE hydrological model (coupled with MIKE 11 model) with different topographic 
resolution – 30 m and 20 m, and simulation results from MIKE 21 FM hydraulic model with different 
topographic resolution – 5 m, 10 m for river bed and 20 m, 30 m for floodplain - are analysed to evaluate the 
impacts of topographic resolution on the model accuracy and the assessment of uncertainties. The optimal 
resolution considering both accuracy and computational time is defined considering the use of models in real 
time. These two models described here are contributed to the decision support system in Cagne catchment, 
and the methodology presented can be used in any other catchment facing similar challenges. 
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As the economical and social development, the sewage amount is becoming larger and larger. Moreover, in 
recent years, extreme weather events appear frequently, leading to severe urban flooding and then 
considerable economical damages. The urban deep-tunnel drainage system is an effective solution, which 
could transfer the stormwater down into the deep tunnels and storm it there, then pumped it into the rivers 
afterwards with a relatively small discharge. Clearly, it can effectively lower and delay the flood peak. 
However, during the operation of the urban deep-tunnel drainage system, the air may go into the system, 
especially the deep tunnels, which would be harmful to the safety of the system. In this paper, we 
systematically investigated the process of the air bubbles through physical model tests and found out that 
falling jet and swirling in the baffle drop shafts were the two main ways that could result in the air bubbles 
entering the deep tunnels. And adjusting the design of the inflow shafts and increasing the water level in the 
shaft could largely decrease or even avoid the air bubbles getting into the deep tunnels.
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The CRISI-ADAPT II (Climate Risk Information for SupportIng ADAptation Planning and operaTion, 
https://www.crisi-adapt2.eu/) is a research project funded by the European Institute of Innovation & 
Technology Climate-KIC with a budget of 2 M€. With a duration of 36 months (July 2019 – June 2022), the 
project is coordinated by Climate Research Foundation (FIC) and involves 11 partners. 
CRISI-ADAPT II aims to monitor and improve the adaptation planning through a real-time implementation and 
validation according to near and seasonal range forecast of climate risks in 4 Demonstration Sites and 8 
Receiving Regions in 5 southern countries (Spain, Portugal, Cyprus, Malta and Italy). Climate data and impact 
model outputs in a common platform are integrated into two main modules: the Climate Risk Information 
Tool (CRIT) and the Monitoring Extreme Events Tool (MEET). In this framework AQUATEC has lead the 
development of the flooding and impact models for the Malta case study. The Mediterranean Island suffers 
from Mesoscale Convective Storms and tropical cyclones capable of generating significant pluvial and coastal 
flooding. Heavy rainfalls characterized by short durations (usually less than one hour) are the most common 
pattern in this region, generating flash floods in urban areas and high waves on the shorelines.  
Malta Case Study main outcomes were focused on identifying drainage system weak points, to propose 
methodologies to cope with floods and to characterize its flooding history by exploring both open access and 
private databases. Due to the scarcity of historical official records, social media registries, known as 
Crowdsourced Social Data (CSD), were used as the main reference for the water depth during and after the 
events. Comparing the water footprint with measure of objects and structures such as vehicles wheels, trash 
cans, and benches, helped to calibrate the pluvial model. From the 95 strongest historical events happened 
in Malta from 1969 to 2020, the 5 having more spatial information were adopted in the process of model 
calibration and validation. Relevant photos obtained from CSD were organized and geolocated, offering a 
solid reference about the flood impacts in the most affected areas.  
Even when the analyzed records did not capture the most critical time of the event, they provided interesting 
indications regarding flood boundaries, main flow directions, and a broad idea about the damage to roads, 
vehicles, and real estate assets. It is clear how much these types of amateur records could offer a solid support 
for events characterizations and more specific as reference for flood model calibration. 
The validated models have been used to assess tangible and intangible damages due to extreme rainfall and 
storm surge events and the potential exacerbating effects related to the reference climate change scenarios.
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In recent decades, urban areas and population densities have increased considerably, leading to changes in 
flood exposure. In addition, climate change has modified the pattern of floods: date of occurrence and flood 
magnitude. Therefore, flood losses are likely to change in the future. A methodology is proposed to quantify 
the effect of climate change on flood losses in urban areas. Climate change projections, a distributed 
hydrological model, a two-dimensional hydrodynamic model, and a flood loss model are integrated to 
quantify the expected changes in fluvial flood losses in the Pamplona metropolitan area (Spain) driven by the 
River Arga with a catchment area of 500 km2.  
Twelve climate models, two emission scenarios (RCP 4.5 and RCP 8.5) and three periods (2011-2040, 2041-
2070 and 2070-2100) were used to obtain delta changes in precipitation quantiles (Garijo and Mediero, 2019). 
Peak flow delta changes in the River Arga catchment were obtained by using precipitation quantile delta 
changes as input data in the Real-Time Interactive Basin Simulator (RIBS) distributed hydrological model 
(Lompi et al., 2021). 
The 2D hydrodynamic model (IBER) is used to assess fluvial flood hazards in the Pamplona metropolitan area. 
A high-resolution digital terrain model (DTM) with a cell size of 1 meter is used. The IBER model was calibrated 
with streamflow data recorded at four gauging stations of the SAIH system of the River Ebro Basin Authority 
and the flood extents in real flood events supplied by the Regional Government of Navarre. Flood hazards 
generated by synthetic flood hydrographs have been simulated for the seven return periods, three periods, 
and two emission scenarios mentioned above. Such synthetic hydrographs are obtained by applying the peak 
flow delta changes to the 15-min flood hydrographs extracted from recorded data at gauging stations. The 
result of these simulations consists of mean water depths and flood extents in the study area. 
The Safer_DAMAGE algorithm (Paprotny et al., 2020; Paprotny et al., 2021) developed within the SaferPlaces 
project estimates fluvial flood losses for residential and commercial buildings. Safer_DAMAGE uses 
OpenStreeMap building footprints, socio-economic statistical data, and mean water depths to estimate flood 
losses. The Safer_DAMAGE algorithm was validated in the Pamplona metropolitan with the database of flood 
loss compensations in the period 1996 -2019 supplied by the Spanish ‘Consorcio de Compensación de 
Seguros’. Flood losses are aggregated by postal codes. Fluvial flood losses in the Pamplona metropolitan area 
have been estimated for the set of synthetic hydrographs and resulting flood maps. The results show that 
while flood losses are expected to decrease in the future for low return periods (2-50 years), they are expected 
to increase for high return periods (100-1000 years). This suggests that precautionary measures will play an 
important role to reduce residual risk. 
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Across coastal urban centres, underground spaces such as storage areas, transportation corridors, basement 
car parks, public facilities, retail & office and private spaces present a priority risk during flood events with 
respect to timely evacuation. However, these underground spaces are commonly not considered in urban 
flood prediction models, in many cases because the location and geometry of these underground spaces are 
often poorly known. In order to improve urban flood prediction models, various identified underground 
spaces have been included into the urban flood simulation presented in this paper. Here, the Software MIKE+ 
is adopted to simulate the coastal flood scenarios for the urban centre of the city of Belfast, Northern Ireland. 
In the simulation, unstructured triangular grids are used. Based on the numerical simulation, urban flood 
depth and flooding rates into the underground spaces can be obtained. Based on the comparison of simulated 
urban flood scenarios with and without underground spaces, the impact of underground spaces on street-
level inundation and flood routing is evaluated. It can be observed that the inclusion of underground space 
has a significant impact on the flood routing process. Moreover, the underground spaces also present priority 
risk areas during flood events with respect to timely evacuation and to this end, underground spaces cannot 
be ignored in real urban flood prediction. The presented study can be used to increase communities’ 
emergency preparedness and flood resilience. 
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The runoff coefficient is fundamental to obtain the design flow of hydraulic works helped with rainfall-runoff 
relationships. This article deals with the variation of the runoff coefficients depending on magnitude of the 
rains. In general, the techniques used to calculate direct runoff are based on tables and indicators which relate 
losses to runoff according to soil types and uses but not with the magnitude of the rain, this result in the need 
to obtain more specific runoff coefficients for studied areas where a good knowledge of the site is necessary. 
On the other hand, with the curve number method, the runoff coefficient varies according to the magnitude, 
but it is not validated theoretically or empirically, causing the direct runoff value to be overestimated or 
underestimated. The runoff coefficient method, used in this article, is based on obtaining volumes of rainfall 
(weather stations) and runoff (gauging stations) respectively, to subsequently calculate  runoff coefficients 
associated to different return periods (Tr) using a probability distribution functions,  regional methods, as well 
as Reduction Area Factors (RAF). 
The results obtained are analyzed drawing graphs that compare the total precipitation (P) and the effective 
precipitation (Pe), observing the behavior of the slope and discarding those greater than 1 (no physical sense),  
a value equal to one means all the precipitated rain will be transform into runoff, but that is not realistic 
because infiltration happen. The stations analyzed presented good results according to the records using this 
technique. For this case, the basins analyzed belong to the Hydrological Regions 10, 19 and 23 located in the 
States of Sinaloa, Guerrero and Chiapas, Mexico. 
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Coastal conurbations are at risk of flooding during extreme sea water levels caused by a combination of 
astronomical, meteorological and climatic factors. It is envisaged that urban flood risk will become more 
frequent as a consequence of several factors including population growth in flood prone areas, climate 
change, sea level rise and decaying or poorly engineered flood control infrastructure. The aim of this research 
is to demonstrate how numerical model of future hydrological conditions combined with understanding of 
current flood drivers can be used to simulate extent of future flood inundation in coastal urban floodplains 
and to evaluate flood risk and impact on people safety. Coastal City of Cork on the south of Ireland is a study 
case. 
In this research, the model was initially run for a variety of scenarios under present climatic conditions to 
provide a baseline for the quantification of impacts of climate change on coastal floods. Model runs were 
performed for mid-range and high-end future climate scenarios in order to consider changes to the coastal 
flood mechanisms. The maximum aerial extent of inundation and volume of floodwater generated for each 
scenario are intercompared between combinations of coastal drivers such as tides, storm surges and mean 
sea lever rise. Spatial patterns of water depths and velocities are utilized in instability curves to define danger 
zones associated with a particular flood event. Such danger zones provide some measure of the degree of 
hazard associated with a particular event. 
The results show that in current climate, climate-driven changes in both mean sea level and surges could 
result in a significant increase in coastal inundation when compared to current climate. These increases in 
coastal inundation under future climate scenarios will results in increases in risk to people safety in flood 
waters. 
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Past decade has witnessed an increase in the frequency and intensity of cyclones in the Bay of Bengal region 
which has been posing serious threat. Such severe cyclones with its landfall over the east coast of India has 
resulted in loss of lives, affected the livelihood of the coastal community and infrastructure.  Although, the 
impact due to these extreme events is just over a few hours or days, its impact along certain stretches have 
experienced to be equivalent to that due to long term coastal hazards. Thus, the study on the impact of the 
cyclones over the East Coast of India and prediction of the resulting surge heights are vital in the design the 
coastal protection measures and other coastal infrastructures. Research findings have highlighted the 
importance of the hydrodynamic modeling to evaluate the storm surges in a region with poor observational 
coverage. It has become a pre-requisite to investigate the hydrodynamic response based on the prevailing 
environmental conditions in order to obtain the design parameters.  
 
The hydrodynamic model TELEMAC-2D has been used to simulate the extreme events. In the present study, 
the characteristics of the storm surge from deeper water to the continental shelf, and over the coastal waters, 
has been investigated. The TELEMAC-2D is a depth averaged flow module which solves the Saint Venant 
equation using Finite Element Method (FEM). A high-resolution computational grid was generated with an 
average mesh size of 200-20000m. The model was driven by tidal forcing along the ocean boundary and 
discharge at the upstream. The tidal boundary was forced with astronomical tides extracted from TPXO 
database. The spatial distribution of currents and water surface elevation was obtained from the numerical 
simulation. The model has been calibrated and validated with the field data measured within the study 
domain. Comprehensive agreement was found between model results and observed data. The model was 
also simulated with tide in the presence of wind stress. This was done to understand the influence of wind 
stress on the flow field and also to calibrate the surface friction parameter. The hydrodynamic simulations 
with this calibrated model set up, was then performed for the cyclonic event for the computation of the storm 
surge. A surge analysis due to cyclone Yaas is performed and the results are discussed in this paper 
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When a large-scale mass movement disturbs a significant body of water in a reservoir, lake or the sea, 
landslide-tsunamis are generated. This threat must be assessed and, if possible, mitigated.  
Up to now, landslide-tsunami prediction and characterisation is often centred on the use of empirical 
equations predicting the tsunami characteristics such as the wave height and amplitude. Such equations fail 
to appropriately capture the underlying physics and dispersive nature of landslide-tsunamis consisting of the 
superposition of several wave components.  
Spectral decomposition techniques such as the Fourier, wavelet or Hilbert-Huang transforms were sometimes 
applied with the aim to provide physically more meaningful results. However, these techniques do not 
adequately account for many landslide-tsunami characteristics. These methods can give a useful snapshot of 
a landslide-tsunami’s composition. However, they are to varying degrees unable to differentiate between the 
basic processes behind landslide-tsunami behaviour, and in particular the effect of the water depth. The water 
depth is important as landslide-tsunamis are intermediate- to shallow-water waves. Crucially, the dominant 
constituent modes of tsunamis, which might prove most significant and potentially devastating, are not 
reliably identified by existing techniques. 
Mathematical methods exist to understand a landslide-tsunami’s composition and to predict how it will 
propagate. The Korteweg–De Vries (KdV) differential equation (in one dimension) and its sister differential 
equation Kadomtsev–Petviashvili (KP) (in two dimensions) have long provided a description of non-linear 
shallow-water waves. Application of the Inverse Scattering Transform (IST) to these equations has been 
documented in the technical literature, being successfully used to describe gravity water waves. 
We are developing software placing these methodologies in the hands of engineers to accurately anticipate 
the impending nature of tsunamis. The validation of this MATLAB codebase is the subject of this article, where 
we show how our KdV IST accurately describes laboratory wave-flume experiments. This KdV analysis is seen 
to fall short when applied to wave basin experimental results producing directional (two dimensional) 
spreading of the wave energy. However, by applying our KP IST analysis we obtain impressive agreement with 
the basin data. We also discuss our roadmap to offer a turn-key engineering tool for the analysis of landslide-
tsunamis. 
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Roll waves are fast-moving instabilities in open-channel flow on a steep slope. They are steep wavefronts 
advancing with speed greater than the velocity of their base flow. We examine the impact of the front runner 
of the roll waves on a circular cylinder using an accurate shock-capture scheme on an adaptive quadtree mesh 
for the transient development of the waves, including the standoff distance of the bow shock wave, the front 
face's run-up height, and its impact force on the obstacle. Depending on the base-flow Froude number and 
the obstacle's location, the peak of the wave impact force can be more than one order of magnitude greater 
than the steady force in the unperturbed base flow.
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It is important to understand the propagation characteristics of hydraulic bore in the meandering part of 
rivers in order to mitigate the damage from the inundation due to tsunami run-up. The form of the tsunami 
run-up in rivers is divided into breaking bore and undular bore. The undular bore propagates with a 
phenomenon of soliton fission, due to non-hydrostatic pressure and includes the risk that the water surface 
profile increases rapidly in rivers. Therefore, it is important to clarify an amplification characteristic of the 
undular bore in meandering rivers. In this study, we conducted the experiment in straight and two 
meandering channels and compared the results with two- and three-dimensional calculations.  Focusing on 
the difference of the sinuosity of two meandering channels, the amplification characteristics of undular bore 
in meandering channels were investigated.  
In the experiment, the wave height was measured three times at center point in the straight channel, near 
both banks in the meandering channels. We used the averaged values as experimental results. The governing 
equations of two- and three-dimensional calculation are the shallow water equation and the Reynolds-
Averaged Navier-Stokes equations, respectively.  
In the straight channel, the wave height of soliton fission was not changed in longitudinal direction as 
presented by many researchers. On the other hand, the soliton fission amplification was investigated in the 
meandering channel, indicating the longitudinal increase in the wave height along the outer bank. The 
amplification in small sinuosity channel is larger than that in the large sinuosity channel. The difference in the 
longitudinal tendency of the amplification is explained by the two-dimensional calculation results. However, 
the two-dimensional calculation results could not reproduce the difference in the location of maximum 
amplification between two meandering channels. The three-dimensional calculation results explained 
experimental results of the initial wave height and reproduced the amplification characteristic. We confirmed 
the bore impinging on the outer wall of meandering channel and the wave height along the outer bank 
increased which induces the soliton fission amplification. Both calculation results are coincident with the 
profile of bore head’s line in meandering channels and can express the mechanism of the soliton fission 
amplification. The soliton fission amplification along the outer bank occurs in the meandering channel of small 
non-dimensional width in the numerical experiments.  
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Over the past decades, dam break flows generated by the sudden release of a prescribed volume of water 
have been adopted as a practical way to simulate and investigate tsunami-like, overland flowing bores. 
Extensive experimental and numerical modeling research related to dam break waves have been conducted 
for the case of propagation over horizontal beds. However, natural and artificial beaches exhibit slopes which 
significantly influence the kinematic behavior of propagating tsunami inundation. The objective of this study 
was to experimentally investigate the effects of the beach slope on dam break waves in terms of kinematic 
behavior during their propagation, interactions with and runup onto the structural wall. The physical tests 
were conducted in the Water Resource Engineering Laboratory at the University of Ottawa, Canada, using a 
rectangular tank with an impoundment depth of 250 mm. To simulate the inclined beds, 4 different slopes of 
0, 5, 10 and 15 degrees were designed and installed at the bottom of the tank, against the downstream 
vertical wall. Ultra-sonic sensor placed in the vicinity of the impacted wall was used to record the time history 
of the bore runup on the wall. The free surface profiles at different instants were processed from video 
recorded using a high-speed camera. The wave front spatial advancement was obtained from the raw images 
extracted from the recorded bore propagation video. An analysis of the free bore surface showed that its 
shape only changed as it propagated over the slope. Lower runup heights of the bores on the wall were 
observed for the sloped cases, with maximum heights being 15 mm, 48 mm and 71 mm lower than those 
propagating over the horizontal bed, corresponding to the 5-, 10- and 15-degree slope cases. The wave front 
spatial advancement and velocity magnitude showed a decelerating effect of the slope on propagation of the 
bores. The arrival time and impact of the wave front on the downstream right wall was delayed by 0.15 s 
between adjacent cases from 0 to 15 degrees. The results of this study will be of assistance in the design of 
coastal infrastructure for inundation protection in tsunami prone areas.
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The question of ‘cosmogenic’ tsunamis, i.e. tsunamis determined by the fall of an asteroid in the ocean, is 
difficult to address. It might sounds odd to investigate such a question, but there is a need for probabilistic 
assessment of very rare extreme maritime and coastal events in some industrial contexts, such as in nuclear 
safety for the sake of power plants protection against coastal floods. 
 
A complete methodology for addressing this issue was proposed by Ward and Asphaug (2000). Here we use 
their methodology, along with more recent data regarding the asteroid rate of fall on the Earth, their falling 
velocity, etc., and make some simplifying assumptions to obtain analytical, simple formulae giving the return 
interval of a cosmogenic tsunami as a function of the maximum wave height of interest. We apply this method 
to the European Atlantic coasts and find that a wave of 1m would occur about every 100,000 years. As a 
comparison, such a return interval corresponds to a storm surge of about 3m on the same coasts, in average. 
 
Reference 
 
Ward, S.N., Asphaug, E. (2000), Asteroid Impact Tsunami: A Probabilistic Hazard Assessment, Icarus 145:64–
78. 
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Underground shopping mall, which have become increasingly large and complex in recent years, have become 
important walking spaces for an unspecified number of users. Therefore, underground shopping mall need to 
ensure appropriate urban functions and at the same time promote disaster prevention and mitigation 
measures against large-scale earthquakes and accompanying tsunamis. In order to evacuate a large number 
of visitors to a safe place in the event of a disaster, it is effective to predict evacuation behavior in advance 
and improve evacuation problems. However, it is not realistic to conduct an experiment in a large-scale 
underground shopping mall where visitors are actually asked to take evacuation actions in a disaster situation. 
For this reason, multi-agent systems are considered to be an effective method. 
In this study, we develop a multi-agent simulation model that takes into account the behavioral characteristics 
of individual visitors and their interactions in the complex space of an underground shopping mall. To 
construct the multi-agent simulation model, we use data obtained from a preliminary survey. In the 
preliminary survey, the number of visitors in the target area, their walking speed, walking speed on the stairs, 
and which exit they evacuate to were investigated. Then, the evacuation of the visitors is reproduced in the 
simulation, and the evacuation guidance is executed. The method of evacuation guidance is to guide the 
evacuees at the intersection of the underground shopping mall and guide them to the nearest exit where the 
number of people staying in front of the exit is small. By doing so, we believe that we can prevent the 
concentration of visitors at a particular exit and reduce the occurrence of congestion in front of the exit by 
dispersing the visitors, thereby shortening the evacuation completion time. The purpose of this study is to 
clarify the effect on crowd evacuation by changing the timing of the start of evacuation guidance. 
Specifically, we will conduct evacuation simulations by guiding visitors in the target area at different times, 
and analyze the optimal timing to see how much it affects the evacuation completion time and the crowded 
evacuation exits. In addition, the number of visitors to the city will be varied, and the optimal timing to start 
evacuation guidance for each different number of visitors will be analyzed. 
By conducting this research, it will be possible to provide information that will contribute to the optimization 
of evacuation guidance in the event of a disaster. 
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Emergency managers have studied and invested in structural mitigation measures to combat the dangers of 
tsunamis and floods. However, it is unlikely that any interventions can fully guarantee a community’s safety. 
Thus, soft measures such as evacuation planning have been recommended to complement the planning and 
construction of resilient infrastructure to mitigate the loss-of-life during tsunamis. Numerical simulation to 
assess a community’s evacuation potential has been done in largely two ways. Agent-based modelling (ABM) 
defines sets of rules that each agent in the simulation follows during the simulated evacuation. By doing this, 
the dynamic and complex interactions between the agents and the environment can be accounted for, but 
requires substantial specialized knowledge to implement. Geographical information systems (GIS) are much 
more common and widely used by city planners and emergency coordinators. While GIS has been previously 
used to simulate evacuations, it lacks the ability to incorporate the dynamic behaviours that ABMs can 
account for.  
 
The two evacuation modelling methodologies were compared through a case study for Tofino, BC, Canada, 
by assessing the state of tsunami evacuation preparedness and by locating the optimal location for an 
additional Vertical Evacuation Structure (VES). A direct comparison on the performance differences between 
the two methodologies has never been done before. The fatality rates and facility demand ratios calculated 
from the ABM and GIS evacuation simulations presented significant differences in magnitude, but showed 
similar distributions in results. Both methodologies converged on the optimal location for an additional VES 
to mitigate loss of life during a tsunami. It was found that while GIS may be able to provide initial insights on 
a community’s evacuation potential, ABM’s are generally recommended due to their ability to incorporate 
dynamic flood casualty estimations and agent interactions.  
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The Uruguayan coast is over 600 km long and comprises the Rio de la Plata estuary and the Atlantic Ocean. 
Along this coast meteorological residuals (positive and negative surges) are of the same order of magnitude 
as the tides, and both are an important component of the total sea level all along the coast. Changes in 
regional atmosphere circulation pattern (wind and sea level pressures) and in the mean sea level can affect 
sea level climate at the coast. However, as the estuary and the continental shelf are wide and shallow, non-
linear interactions among the different sea level components cannot be neglected, and the effect of these 
changes on sea level climate must be analyzed together. 
This work quantifies changes in sea level climate (central and extreme values) along the Uruguayan coast 
produced by climate changes. To this end, a dynamical downscaling approach is used, based on two nested 
bidimensional hydrodynamic models that were previously implemented for obtaining a high-resolution 
(under 1 km) sea levels hindcast along the Uruguayan coast. The models are forced by fluvial flows from 
Parana and Uruguay rivers, astronomical tide at oceanic boundaries, and winds and pressure fields on the 
surface. 
In order to obtain the projected sea level climate, wind and pressure fields from seven global climate models 
(GCM) from the CMIP5 (Coupled model intercomparison project phase 5) were used, namely: ACCESS, CMCC-
CM, CNRM-CM5, GFDL-ESM2G, MIROC5, IPSL-CM5A-MR and HadGEM2-ES. Moreover, mean sea level rise 
effect was also included in the downscaling, by imposing regional mean sea level changes corresponding to 
the different analyzed scenarios. 
Projections were obtained for two future scenarios: RCP4.5 and RCP8.5; and two temporal scales: short term 
(2027-2045) and long term (2082-2100). As a reference, the historical period 1986-2005 was considered. The 
historical simulations forced with CMIP5 were compared with the results of the high-resolution hindcast that 
was obtained with winds and sea level pressure from CFSR. The evaluation of the historical period shows that 
all GCM used are reasonably able to reproduce sea level climate along the coast, although with different skill. 
From this work, it is concluded that the main component of the sea level change is the regional mean sea 
level rise, followed by the effect that this rise has on the astronomical tide. The foregoing indicates that the 
dynamic downscaling methodology applied is correct and necessary to determine sea level change. The 
change in the long-term total sea level mean and for the most severe scenario RCP 8.5 reaches 61 cm in some 
coastal areas, while the increase in the long-term 99% quantile for the most severe scenario RCP 8.5 reaches 
74 cm in the interior of the estuary and 71 cm in the coastal área of Montevideo. 
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The water level measured in the Rhine river has never been as low as in the year 2018. August 2018 even 
passed the previous record year 1976 for a few days in precipitation deficit. Due to climate change, such low 
water events are expected to increase in the future. However, how extreme this event was is currently 
unknown. The goal of this study is to quantify the return period for the 2018 low flows and determine the 
effect of climate change on low flow return periods on the Rhine at Lobith. Low flow return periods are 
important for shipping applications or risk assessments concerning water availability and to prevent 
salinisation.  
 
Discharge data from 1901 to 2020 are used and gained from Rijkswaterstaat, the Dutch water authority. The 
block method is used to define annual minimal discharges. Low Flow Frequency Curves (LFFC) are constructed 
by fitting the Generalized Extreme Value distribution on these annual minima to be able to extrapolate to 
larger return periods. Duration of low flows is also a factor of the severity of the situation. Therefore, several 
durations are taken into account: 1, 7, 30, 90 and 180 days. An average discharge over this duration gives the 
severity of the low flow.  
 
Results of the 95% confidence interval show that a Weibull fit the best fit for all the different durations. 
Furthermore, the LFFCs show little difference between the 1 and 7 day fit, but generally the larger the 
duration the higher the discharges. A discharge of 1000 m^3/s is considered for the shipping applications and 
1200 m^3/s for the salinisation problem. These have return periods of 2.3 and 1.3 years for a duration of 1 
day and once every 34.0 and 8.5 years for a duration of 180 days. 
 
A 1 day discharge of 732 m^3/s, which was the annual minimum of 2018, is likely to occur once every 17.6 
years. However, due to climate change in 2085 this can occur once every 6.5 to 22.6 years based on the 
KNMI'14 scenarios and the GRADE model. In 2085, a 1 day event that will occur once every 17.6 years will 
have a discharge between 655 and 753 m^3/s. 
 
A 180 day average discharge of 1017 m^3/s, which was the annual minimum of 2018, is likely to occur once 
every 29.5 years. However, due to climate change in 2085 this can occur once every 35.3 to 179.5 years based 
on the KNMI'14 scenarios. In 2085, a 180 days event that will occur once every 17.6 years will have a discharge 
between 1035 and 1195 m^3/s.  The method used can be applied to other rivers to find return periods for 
low flows, as this is currently not commonly found.
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An in-depth understanding of the erratic rainfall patterns in a watershed due to the negative impacts of 
climate change is crucial to understand the hydrological cycle in a watershed. The main objective of this study 
is to better understand rainfall trends using statistical tools in the Jeneberang River basin, South Sulawesi, 
Indonesia. At present, there is still no research on the distribution of precipitation trends in the area. This 
study examined general rainfall data for 23 years (1996-2019) and collected from three rainfall stations. The 
nonparametric Mann-Kendall and Sen Slope estimator statistical tests were performed to identify whether 
there was a positive or negative trend in the rainfall data with statistical significance. Results showed an 
increasing trend in the monthly rainfall data only in both rainfall stations. The Alukeke station had a minimum 
rainfall of zero millimeters in May, June, and July, while other months, which included January and December, 
had a minimum of over a hundred millimeters respectively. Monthly rainfall data for the Alukeke rainfall 
station revealed that there was no significant trend detected in ten months, but May and June indicated a 
significant trend. This result proved an increasing trend in the data series, though insignificant for the Sen-
slope’s test. Similarly, the Malino station had a minimum rainfall of 0 mm, while the highest amount of rainfall 
of 1518 mm was recorded in December. The p-value for June in the Malino rainfall station was the only one 
with a significant level of α < 0.05, thereby signifying a trend in the data series. The overall p-value of 6.041 
was, however, well above the significant level of α of 0.05, thus indicated that there was no significant trend 
detected in the data series. The Sen slope estimator indicated a decreasing trend in February, October, and 
December, unlike a significantly positive trend in the other eight months of the seasons. The results of the p-
value in the Paladingan rainfall station detected an insignificant trend in the data series, while the Paladingan 
station recorded a maximum of 1435 mm in December. The sen-slope statistic showed no change in four 
months of the year as well as a decreasing trend in the other five months. In contrast, three months had 
positive changes, with 1.951 for May, 1.038 for June, and 0.343 for July. Thus, the overall Sen Slope tests of -
33.513 indicated that there was a slight decrease in the data series. The novelty of this research lies in the 
theory of value in the analysis of extreme rainfall in the data-scarce Jeneberang watershed. The results are 
useful for water resources management and disaster risk reduction functions in this watershed.
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Due to climate change, the frequency and intensity of extreme events have increased in South East of Spain. 
Mediterranean semiarid basins are prone to flash floods. More frequently, convective storms are producing 
sudden extreme runoff, and high flow velocities with transport of sediment. In consequence, catastrophic 
impacts on natural environment, properties and even losses of human life, have been registered.  
The Rambla of Albujón basin, located in the Segura River Basin (South East of Spain), corresponds to a semiarid 
coastal basin that spills its waters to the Mar Menor water body. The Mar Menor coastal lagoon, is a fragile 
ecosystem that is suffering several human pressures such as nutrient and sediment inputs from agriculture 
and other activities and decreases in salinity. Therefore, on the one side, it is relevant to know the runoff 
input from coastal basins that contribute to Mar Menor lagoon. On the other side, an early warning of flash 
floods occurrence is required to protect the population. 
In the present work, the hydrological response of Rambla of Albujon wadi to various extreme events has been 
modelled with satisfactory results. Rambla of Albujon wadi is mainly controlled by the spatio-temporal 
characteristics of precipitation and the physical properties of the land surface. Innovative methodologies that 
allow a better knowledge of the dynamics of this coastal basin, have been considered. SWAT model (Soil & 
Water Assessment Tool) has been used at hourly scale, to simulate the physical processes. The 
hydrometeorological time series (rainfall and observed runoff) has been provided by automatic networks. 
While detailed information of relief (by a Digital Elevation Model), and digital thematic cartography (land use 
and soil types spatial distributions), were considered. 
Actual extreme events (registered in 2019 and 2020), producing flash floods in the study basin, have been 
selected for modelling purposes. Considering stream gauges with high reliability, Nash-Sutcliffe coefficients 
reached satisfactory values. The hydrograph and contribution volume of the Rambla del Albujón to the Mar 
Menor, for the selected extreme events, were estimated with adequate precision.  
In conclusion, Mar Menor coastal lagoon is suffering the negative impacts of different pressures. The main 
drivers are climate change and human activities (such as agriculture and urbanization). For monitoring the 
trophic state of the coastal lagoon, is relevant to know the runoff input from the semiarid basins that 
contribute to the coastal lagoon. However, some of these catchments are ungauged basins. In the present 
work, is presented a methodology to model extreme flash floods in a semiarid basin, that could be 
extrapolated to ungauged basins.
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The Pacific coastal sector of Peru is mainly a dry area where precipitation events are episodic, however, on 
interannual time scales, in the North, there are extraordinary precipitation events associated with El Niño 
Southern Oscillation (ENSO). Therefore, an evaluation of climatic variables such as the Sea Surface 
Temperature Anomaly (SSTa) and its correlation with river discharges data is necessary to define prediction 
models. 19 stations with river discharge data (1965-2015) distributed along the North Pacific coast of Peru 
are analyzed. To classify El Niño and La Niña events we will use the Oceanic Niño Index (ONI)) where the Niño 
3.4 anomalies are represented by the SSTa. A map of lags that improve the correlation in each discharge 
station and their respective statistical and physic interpretation is proposed. Finally, as results, a predictive 
model is built for each discharge station based on its preceding flows and the SSTa (corresponding to region 
1+2 or region 3.4 associated with a lag that maximizes its correlation). The interpretation of results contains 
a physical support for the choice of the best significant variables.
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Drought is a natural hazard that develops slowly  and can be monitored using near real-time remote sensing 
information such as precipitation, temperature, soil moisture content, or vegetation cover. Monitoring the 
changes of these parameters by using dedicated indices and indicators is critical to timely and efficiently 
trigger/activate the appropriate actions at the impacted location to mitigate the devastating effect of the 
drought.  
Drought monitoring systems are able to show the current state of a drought hazard and how it develops over 
time. In some situations, it is also possible to anticipate the climate conditions with seasonal forecasts based 
on the sea surface temperatures. 
Facing the growing sense of urgency for some countries to be equipped with such systems, the UNCCD 
launched an interactive Drought Toolbox in September 2019 that serves as a platform to provide drought 
stakeholders with easy access to tools, case studies and other resources. The overall goal is to support 
member states in the implementation of national drought plans to boost the resilience of people and 
ecosystems against droughts. To bridge the hazard detection with the action to be taken, the toolbox is built 
around the three pillars of the drought risk management, and it includes the tools for monitoring and early 
warning (Pillar 1), vulnerability assessment options (Pillar 2) and risk mitigation tools (Pillar 3). 
This paper focuses on pillar 1: Drought early Warning and monitoring tool. The tool has been developed in 
partnership with UNEP-DHI and provides access to near real-time freely available data for drought monitoring 
and forecasting. The web-based tool aims at providing access to a wide range of datasets and drought 
indicators and indices to all member states. It provides access to precipitation, soil moisture and vegetation 
datasets as well as derived indices and indicators. The tool gives spatial and temporal information about the 
drought hazard that is currently evolving in the countries. In addition, it allows the user to revisit past events 
and thus better understand how the drought events unfolded and could have been anticipated. 
This global drought early warning and monitoring system is a powerful tool to raise awareness for policy 
makers and water managers about the importance of implementing better and more robust tools at a national 
and regional levels.
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To tackle the problems of increasing intensity and frequency of extreme rain events and the corresponding 
damage caused by floods in urban areas the upcoming research project “Inno_MAUS” proposes a holistic 
approach for the prediction, assessment and management of extreme rain events. Inno_MAUS divides the 
management in specific sub tasks from (i) formation and prediction of rain events, (ii) estimating the runoff 
formation and potential of urban retention, (iii) simulating the runoff dynamics to (iv) the final damage to 
infrastructure and will apply these sub tasks on two different study areas. In this paper, we focus on the 
project sub task (iii) – simulation of runoff dynamics. The conventional and widely used approach for 
simulating runoff dynamics in urban areas is a 2D-hydrodynamical model. It is the aim of Inno_MAUS to 
evaluate whether an Artificial Neuronal Network (ANN) as a faster, simpler and probably even more accurate 
tool can be installed instead. In the first part of this paper, an overview of the current development or state 
of the art for the field of hydrodynamic modeling in urban areas is given. This will discuss the advantages and 
disadvantages of 2D-hydrodynamic models and specify the weaknesses of conventional models that can 
possibly be overcome by using artificial intelligence. Then, a brief summary of first applications of artificial 
intelligence in current hydrodynamic modeling is presented. Finally, the methodology of Inno_MAUS is 
highlighted: As the needed data for the training of such an ANN from past flash flood events are scarce, we 
propose a methodology based on surrogate data. Therefore, an accurate 2D-hydrodynamical model using 
Telemac2D for two study areas will be set up as a surrogate of the real world, which will generate a sufficiently 
large data set for training a neural network to accurately predict key values such as maximum water depth, 
time of flood peak or flooded area for extreme rain events. We intend to use multi-task Recurrent Neural 
Networks to be able to predict these dynamic variables over time based on a fusion of various input values, 
such as e.g. hydrological input data, surface roughness data, DEM, as well as a-priori terrain data. This 
approach allows to prove the concept of an urban flash flood ANN. In the final step of the project, we analyze 
the transferability of such a model from one study site to another, and develop approaches to improve this 
transfer step.
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The impacts of climate change and global warming are not spatially homogeneous all over the Earth. The 
largest increase in average temperature has been recorded in the Arctic, with major impact on the 
cryosphere. The Greenland ice sheet (GrIS) is the largest ice mass in the Northern Hemisphere with a glaciated 
surface area of about 1,800,000 km² and a thickness up to 3 km and stores a freshwater volume of about 
2,900,000 km³, enough to contribute to sea level rise (SLR) by about 7.2 m. According to gravitational data 
measured by the Gravity Recovery and Climate Experiment (GRACE) satellite mission, between 2002 and 
2016, the GrIS lost mass at an average rate of 278±11 Gtons/y, increasing the mean sea level of ~7.9 mm per 
decade, accelerating of about 21.9 Gtons/y. At these melting and SLR rates, it is urgent to implement 
adaptation measures (e.g. surface water and groundwater management) in the most vulnerable areas such 
as Venice, the Netherlands, Bangladesh and Vietnam to face the impacts on coastal processes as floods and 
saltwater intrusion. The GrIS total mass loss can be split in half between surface processes and dynamic 
processes. Surface melting affects the surface mass balance by exporting surface meltwater to the ocean and 
modules dynamics processes, supraglacially, englacially and subglacially. Passive microwave (PMW) 
brightness temperatures (Tb) are an irreplaceable tool in monitoring seasonal and interannual changes of 
surface melting over large areas such as the GrIS because of the capability to collect data in all-weather 
conditions. The major limitation was the slightly coarse spatial resolution (25 km). Here, we use a passive 
microwave dataset released through the NASA MeASUREs program at the enhanced resolution of 3.125 km 
to map surface melting over the GrIS. By means of measured (from automatic weather stations) and modelled 
(MAR regional climate model) data, we found that a dynamic threshold based on the outputs of the 
electromagnetic model MEMLS is the most suitable, among the assessed algorithms, in detecting sporadic 
and persistent melting. We found that, during the reference period 1979 – 2019 (1988 – 2019), over the GrIS 
surface melting in terms of extension, up to 6.9% (3.6%) of the total ice sheet surface extent per decade, and 
duration, up to 4.5 (2.9) days per decade. Moreover, the melting season has begun ~4 (2.5) days earlier and 
ended ~7 (3.9) days later every decade. Through a semi-variogram approach, we found that the new product 
better capture the spatial autocorrelation of surface melting, offering the opportunity to validate modelled 
melt extent at high resolution and potentially to assimilate this data in climate models to have better 
projections. 
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Energy budget-based distributed modelling in High Mountain Asia (HMA) is important to examine 
glaciological-hydrological regimes and compute flow rates in current and projected scenarios. Trends in 
ablation of snow and glaciers retreat depend upon snow and ice reserves, meteorological parameters and 
geographical features which vary across sub-basin in HMA. In this study, the Physical Based Distributed Snow 
Land and Ice Model (PDSLIM, Ranzi et al., 1991; Grossi et al., 2013) is employed in the HMA for the Naltar 
catchment (area of 261.70 km2, with 45 km2 glacierized) located in the Hunza river basin (Karakorum, 
Pakistan) to simulate snow and glacier melt progression as well as daily runoff. The overall objective is to 
verify the feasibility of this modelling system to assess the impact of climate and land use change scenarios. 
Another objective is also to address the so called “Karakorum anomaly” in glaciers’ dynamics, as some glaciers 
exhibited advances in the last period. The accuracy of the model in simulating distributed snow cover is 
crosschecked using MODIS and LANDSAT based snow cover areas both at temporal and spatial scale. The 
results exhibited overall satisfactory performance of coefficient of determination (R2) = 0.97 and Nash-
Sutcliffe Efficiency (NSE) = 0.96 of model against satellite-based snow cover area for all simulated melting 
periods. Downstream daily runoff measurement at the outlet of Naltar catchment at Naltar Bala station was 
used as a reference of comparison for simulated summer streamflow. Runoff simulations revealed good 
agreement with observed discharge NSE of 0.88 and 0.90 for calibration and validation period respectively. 
The increasing runoff volume in late spring and early summer is associated with rising rate of temperature, as 
no significant precipitation changes have been recorded. However, net simulated runoff volume computed 
by PDSLIM was in reasonable agreement and only 1.04 times higher than mean observed runoff volume with 
mean absolute percentage error of 8%. Flow composition analysis revealed snow-glacier melt runoff  provides 
the largest contribution to river discharge. Overall, PDSLIM, so far tested in the Alps, showed to perform well 
also for snow- and glacier-dynamics in the glacierized catchments of HMA. The hydrological response to 
projected climate scenarios is currently being investigated.
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Many smaller headwater streams have shifted from a perennial flow regime to an intermittent one during 
the past decades due to climate change, even in temperate climate zones. However, these streams fulfil an 
important role in the ecosystem due to their self-purifying capacity, which often is paramount to providing 
safe drinking water to populations nearby. In order to understand the potential changes following the 
expected higher frequency of droughts in the future, we set up a modelling framework that combines 
knowledge obtained from field measurements and laboratory studies to make an estimation at the reach 
scale. 
Sediment samples were taken at three reaches of different intermittent streams in Austria in two subsequent 
years and were analyzed regarding microbial activity and gas emissions in the lab. In parallel, using our in-
house hydrodynamic code RSim-2D we set up two-dimensional hydrodynamic models for each of the streams 
in order to obtain the wetted areas for a number of low-flow discharges. The field samples were analyzed in 
different drying stages, and oven-dried to less than 5% moisture content, which is considered representative 
for sediment under severe, unshaded drought conditions. Microbial activities were found to be mostly 
uncorrelated with the water content of the sample, except for the very dry stage, for which a statistically 
significant decrease could be observed. 
The modelling framework developed during the study combines the wetted areas at different simulated flow 
rates with the measured gas emissions as proxy of microbial activity and thus the self-purifying capacity. 
Depending on data availability, it can also consider wet-dry durations. In the streams investigated, we could 
indeed identify reduced microbial activity for lower discharges. This effect increased when assuming a 
reduction of the shading provided by the vegetation cover of the streambed. Our recommendation for the 
river management is therefore to ensure the availability of a vegetation cover for sustaining the self-purifying 
capacity of intermittent streams under a warming climate in the future.
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Classification of civil infrastructures could be important for giving priority to the most critical ones in regard 
to allocating funds in the flood hazard mitigation and recovery processes. In the current study, a methodology 
has been proposed based on synthetic vulnerability curves, which emphasizes functional vulnerability to 
floods with an eye to structural/non-structural damages. On the other hand, a kind of Multi-Criteria Decision 
Making (MCDM) method has been proposed to prioritize the critical infrastructures with respect to the 
sustainability indicators. The proposed methods have been tested in two flood-prone areas, i.e. the city of 
Sarajevo, Bosnia crossed by the river Zujevina and the city of Berat, Albania, crossed by the river Osum. A 
comparison of the two methods represents that both methods introduced the “roads” as the most critical 
infrastructure among all in Berat. In the case of Sarajevo, “roads” are proved to be the least vulnerable of all 
given critical infrastructures by the two methods. For both methods, the final values of criticality for the 
different critical infrastructures are very close to each other, and thus, not a big difference can be emphasized 
among their level of vulnerability to floods. 
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Urban planning is known to influence flood vulnerability but also flood hazard. Indeed, the layout of buildings 
in floodplains alters the flow paths, so that flood hazard is changed both in magnitude and in terms of spatial 
distribution (upstream and downstream effects). Based on computational modelling, Bruwier et al. (2018) 
analysed flooding in 2,000 realistic urban districts. They unveiled significant correlations between the 
magnitude of flood danger and geometric characteristics of the urban district (e.g. typical street length, width 
and curvature, building layout etc.). However, the studied configurations involve specific flow patterns for 
which neither field nor laboratory validation data exist. 
In the present research, we consider a more limited number of urban forms (i.e. layouts and geometric 
characteristics of buildings); but we aim to combine computational modelling and laboratory experiments. 
We consider a setup with two main streets along one direction and two main streets in the normal direction, 
forming four crossroads (with three- and four-branches). In the central area in-between these crossroads, a 
modular space is available in which buildings can be positioned to create various urban forms. We vary the 
number of additional smaller streets in this modular space as well as their relative width compared to the 
main streets, thus also the conveyance porosity of the central area. We additionally investigate the influence 
of the radius of curvature of the corners of the buildings. This is a parameter hardly analysed in previous 
studies of urban flooding which usually assume that all buildings have a rectangular footprint. 
We conduct numerical simulations, in which we vary systematically the controlling parameters (number and 
relative width of the smaller streets, radius of curvature of the building corners) and we assess their influence 
on flood danger throughout the urban district. Based on the outcomes of these simulations, a limited number 
of configurations will be investigated experimentally in a laboratory setup at the University of Liege. Water 
depths and discharge partition in-between the streets will be measured, as well as surface velocity using a 
LSPIV technique.  
The findings of this study will advance our understanding of the influence of urban forms on urban flooding 
and pave the way for guidelines towards more flood-resilient urban planning and emergency response. 
Additionally, the experimental dataset will prove valuable for the validation of various types of urban flood 
models (e.g., porosity-based models). 
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Despite the increasing use of Sustainable Urban Drainage System (SUDS) techniques, it is still difficult for 
urban planners to identify how many shall they implement, especially when planning new developments. In 
addition, most agencies or public authorities limit runoff outflows to the greenfield or undeveloped 
conditions, but planners do not have the capacity to link this objective to the level of SUDS implementation. 
Thus, the objective of the present study is to analyse the relation between the implementation level of SUDS 
and the reduction of urban catchment ouflows (peak flow and volume), compared to greenfield condition. 
For that purpose, a hydrological model was created with the Storm Water Management Model (SWMM), 
based on a case study of 3.2 ha in Donostia/San Sebastián (Spain). The greenfield scenario was characterised 
with a CN equal to 78. Pervious and impervious areas were identified into the urbanised plot, as well as the 
existing drainage network. Finally, certain area of SUDS was assigned to each subcatchment randomly, and 
hydraulic variables were compared at the outlet with the ones in the greenfield situation. As the area is a 
dense urban area, the considered SUDS for this study were green roofs, permeable pavements and bio-
retention cells. Four storm scenarios were used, with a 30 minutes duration but different return periods: 2, 
5, 10 and 20.  Results show how SUDS application is more effective with the peak than with the volume, and 
that surface with SUDS applied on a 35% of the surface may reduce the outflow peak to its greenfield value.
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Stormwater management facilities are installed to control urban stormwater quantity and quality. This study 
deals with an analytical probabilistic (APM) approach for the design of the facilities to control urban flooding. 
The APM approach has been proposed as a substitution for the continuous simulation approach that is most 
reliable, but exhausting and time-consuming to organize the simulation. Most of APM studies have shown 
that the one-parameter exponential distribution for rainfall event characteristics and applied to North 
America. The annual rainfall distribution in South Korea, unlike that in North America, is relatively 
concentrated from July to August. Therefore, it is necessary to determine the most appropriate probability 
distribution for the rainfall event characteristics in South Korea. This study developed a suitable APM to 
simulate runoff event volumes in South Korea and verified by comparison with the continuous simulation 
model. The rainfall event characteristics, such as rainfall event volume, duration, and interevent time are 
investigated for 30-year rainfall data for Seoul station in South Korea. It confirmed that the probability density 
function (PDF) of the lognormal distribution best fits the histogram of rainfall event characteristics. The APM 
is developed by deriving the PDF of the runoff event volume with the lognormal distribution. In the derivation 
process, the rainfall-runoff transformation type considers the perviousness and imperviousness of the study 
areas. A frequency analysis was subsequently performed based on the runoff event volume obtained by the 
APM to verify the suitability of the model. The runoff event volumes in the APM were compared with the 
runoff event volumes simulated by the Storm Water Management Model (SWMM) from the United States 
Environmental Protection Agency (US EPA). The exceedance probabilities and return periods of the developed 
APM with lognormal distribution are very close to SWMM results. However, the return periods of APM are 
overestimated and the adjustment needs to the model to match the SWMM results. 
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The effect of reservoirs on downstream flood regime has been largely investigated in the literature 
worldwide, but there is, to date, still an insufficient elaboration on the “natural” flood peak mitigation exerted 
by dams.  
In this work, the attenuation potential of flood peaks by the main Italian reservoirs is devised, based on a 
small number of objective factors that concur to the implementation of a ranking method. This can be used 
to select priorities in the implementation of Dam Emergency Plans in Italy, according to a legislation act of 
2004.  
The attenuation potential is estimated here by means of a very simple procedure, that does not require the 
definition a priori of a hydrograph shape and the mitigation effect is computed assuming that the dam 
operates as a linear reservoir, meaning that the stored volume and the outflow are linked by a linear 
relationship. A realistic average annual design flood peak has been estimated for each basin upstream the 
dams through the rational method, using for the first time the results of a countrywide analysis of rainfall 
extremes. 
The study has been carried out using 265 dams and related watersheds throughout Italy. 
Results were examined in terms of both magnitude and order position of the attenuation coefficient: a strong 
sensitivity to the time of concentration is apparent. 
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In 2018, the Catalan Agency of Water (ACA) promoted the “Project Management of the levees of the Tordera 
river”. One of the main objectives of this project is the reorganization of the exiting levees along the Tordera 
River in order to analyse if the recovery of the previous flooding areas could reduce the floodrisk in those 
villages located downstream. 
The project developed several detailed hydraulic models that operates with 2D and unsteady steady states 
scenarios. The behaviour of the existing leeves and the feasible actions were analysed in order to redefine 
their layout and meet the objective proposed. One of the most notable areas of this study is the Tordera 
Delta. The whole area of the Tordera Delta is under a significant urban, touristic and infrastructure 
development pressure. This fact makes it necessary to dispose of a very detailed hydraulic model for 
delimiting flood areas in order to understand how flooding takes place to deal with the reduction of the risk 
of flooding. The difficulty of develop this hydraulic model is increased by the lack of historical flood data that 
made it difficult to verify the results with real events. 
The elaboration of the hydraulic model of the Tordera Delta was completed in August 2019, and just 5 months 
later, the Gloria storm took place. 
The Gloria storm took place between 20 and 23 January 2020 and had a special impact on the Tordera Delta 
where 807 hectares were flooded, affecting the municipalities of Blanes, Tordera, Malgrat de Mar and 
Palafolls, furthermore 2 bridges collapsed. Extensive graphic material, aerial photographs and videos in 
helicopters were collected from the floods, which have made it possible to compare the results obtained in 
the previous hydraulic model with a real success. 
One of the conclusions that has been drawn from the study and have been verified by the floods of the Gloria 
is that flood levels did not exceed the coronation level of the current levees. However, the entire delta was 
flood because the flood came from the river overflowing several miles upstream. Another conclusion is that 
the transport infrastructure that crosses the river generates significant levels of flooding upstream, and 
therefore acting with a certain effect of rolling downstream where the Delta is located. On the other hand, 
the Gloria storm redefined a new Delta with the contribution of sediments that had not been produced for 
decades. 
The validation of the results with this event, will allow to define the framework of actions in the Delta of 
Tordera to make compatible the activities that take place there, as well as the development of infrastructures 
having clear what is its affectation on the risk of flooding of the area. 
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Accurate early-warning flood forecasting is mandatory in the province of Quebec, Canada, as a result of its 
susceptibility to flooding. In the current study, a new scheme of machine learning models is developed for 
early-warning flood forecasting known as Generalized Structure of Group Method of Data Handling 
(GSGMDH). The developed method not only overcame the limitation of the most existing machine learning 
approaches (i.e., failure to provide simple equations for practical application), but also enhanced the 
performance of the classical Group Method of Data Handling (GMDH). The enhanced performance was 
obtained by providing second and third order polynomials with two and three input neurons, for which the 
inputs of each neuron could be selected from both adjacent and non-adjacent layers. Data from the Huron 
hydrometric station located in the province of Quebec, Canada, were extracted at 15-minute intervals and 
converted to an hourly dataset. The data was collected from April 08, 2008, to September 30, 2021, with more 
than 78000 samples. The forecasting performance ranged between R [0.946, 0.998], NSE [0.889, 0.996], 
NRMSE [0.033, 0.193], RMSRE [0.023, 0.147], and MARE [0.009, 0.091] for models with one to six lead times, 
indicating acceptable performance of the GSGMDH multi-step ahead flood forecasting. Although the general 
performance of the models in all ranges of samples was acceptable, the peak flow results showed that only 
models with one to three hours ahead have reliable performance. Consequently, the developed machine 
learning model could be applied as an alternative for the existing model for flood forecasting in Quebec, 
Canada.



Theme 8 

Extreme events: from droughts 
to floods 
 
 

Considering the influence of blockage on design flood estimates 

Prof. James Ball1, Mr Lee Williams2 

1University Of Technology Sydney, Broadway, Australia, 2Aurecon Group Pty Ltd, Newcastle, Australia 

Theme 8: Extreme events: from droughts to floods (2), Seminario 6, junio 21, 2022, 8:30 - 10:00 

Estimation of floods remains a significant problem for managers of riverine systems.  The occurrence of floods 
is the result of both climatic factors and catchment factors. One of the catchment factors that influences 
floods is the interaction between debris material and cross-drainage structures like culvert, bridges, etc. As 
the purpose of design flood estimation is the prediction of both flood magnitude and flood likelihood, there 
is a need to understand how blockage of cross-drainage structures influences the predicted flood levels and 
flows.  Presented herein are the outcomes from a hydraulic modelling study into the impact of cross-drainage 
structure blockage on both the predicted flood level and the predicted flood flow.  The study presented is 
based on predictions obtained from TUFLOW; TUFLOW is a 2-D model of flows in rivers and floodplains 
developed in Australia. Factors considered in the study were the timing of blockage, the magnitude of 
blockage, the peak flow of the flood hydrograph, and the catchment storage upstream of the cross-drainage 
structure.  These factors were modified in a manner designed to enable a sensitivity analysis of cross-drainage 
blockage on flood predictions when compared to flood predictions obtained with no blockage present in the 
cross-drainage structure. 
Blockage results in a change to the flood profile and downstream discharge. This is dependent upon the 
relationship between the inflow magnitude and upstream storage volume. If the storage capacity is exceeded 
for the unblocked condition, the structure experiences over-topping. Therefore, any blockage will increase 
the upstream water level. A blockage will also reduce the time required to fill the storage capacity resulting 
in an increase in downstream discharge. The nature of this relationship is governed by the individuality of 
each structure. This study considers the results produced and highlights the need for further research. 
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Flooding is one of the most damaging and frequent natural hazards in the world and it is expected that flood 
events will affect even more people in the future due to climate change, land use change and population 
growth. The use of proper evacuation schemes has the potential to reduce the consequences of a flood event, 
i.e. reducing the damage and the number of life-losses and cattle-losses, in areas at risk significantly. Typically, 
sophisticated two-dimensional (2D) hydraulic models are used to simulate flood propagation of severe flood 
events to inform flood management decisions. Although these models have proven to be accurate in 
predicting flood wave propagation and inundation extents in areas with complex dynamic interactions, these 
models cannot be used for short-term flood forecasting due to the high computational demands and long 
simulation times. For this reason, emulators (e.g. artificial neural networks (ANNs)) have gained much 
attention in recent years. In this study, we set up neural networks that are able to predict the dike failure 
locations during flood events and corresponding outflow hydrographs, based on discharge measurements at 
an upstream gauge station. These outflow hydrographs can be used to predict the potential inundated areas, 
enabling evacuation of the people in the areas at risk on time.
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Flood risk assessments are the result of the evaluation of a chain of processes that starts with precipitation, 
follows with runoff and streamflow, continues with flooding and ends in the mentioned risk. The usual 
approach to assess flood risk is the application of design storms, in which rainfall climatologies are used to 
determine the extreme regime of precipitation from which the return levels associated to the return periods 
of interest are derived. Once the design storm associated with a given return period has been defined, it is 
transformed through the aforementioned chain, using hydrological and hydraulic models to derive the 
induced flooding, from which flooding risk is assessed. Thus, the statistical treatment of variables is normally 
done in the first link of the chain (precipitation) and the result (one event) is transformed and used to assess 
flooding risk. Previous works (del Jesus et al., 2019, 2018) have shown that design storms may underestimate 
flooding impacts, but a more in-depth evaluation of the effects of different modeling decisions needs still to 
be assessed. 
In this work, we show a comparison between different modeling decisions for assessing flooding risk. Flood-
inducing events are characterized both by design storms and multivariate fully stochastic techniques at the 
precipitation and streamflow links. Hybrid downscaling is used to statistically characterize flooding and 
flooding risk. All these experiments are summarized, and the results of the risk assessments in space and time 
compared. Flooding risk assessments will be carried out for Los Corrales de Buelna, Spain. 
The main conclusion of the work is that design storms may not answer the question of interest of most risk 
assessments and that, therefore, their use should be limited. Moreover, the later in the risk chain the 
statistical analysis is done, the more accurate the risk assessment obtained will be, at the expense of an 
increased computational cost. 
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The Port Authority of the Azores, Portos dos Açores, SA, has identified the need for an early warnyng system 
that is capable to deal with wave induced risks, namely wave overtopping and moored ships. Within the aim 
of ECOMARPORT project, Portos dos Açores, SA, together with the University of the Azores and LNEC, have 
developed three new prototypes of HIDRALERTA system for the ports of S. Roque do Pico, Madalena do Pico 
and Praia da Vitória. The new prototypes have the capacity of predicting both the wave overtopping over the 
port structures and the forces and movements of the moored ships. Potencial emergency situations can be 
foreseen, enabling mitigation measures be put in place by the local authorities in order to ensure people 
safety, port operationality and minimize damage costs. 
The objective of the work here presented is to analyse and validate the forecasts of HIDRALERTA system for 
the days associated with extreme events or for which operational problems were reported. The model results 
are validated with data from wave buoys. The overtopping events and the safety of the moored ships are 
validated with data gathered by the port authority, including visual observation, photos and videos.
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In countries with complex geomorphological contexts, it’s common to have an infrastructure in proximity or 
on rivers. The strategic value of transportation systems along the rivers is still fundamental for commercial, 
emergency, and touristic purposes. These are highly exposed to the erosion effect of the rivers and climate 
change.  
The Brescia-Parma railway is a railway line between Lombardia and Emilia-Romagna regions in Italy. After the 
town of Casalmaggiore, the railway line crosses the Po river with a steel bridge (from ch. 20+750 to ch. 
21+855) on 16 piles of which 4 on the riverbed and 12 on the floodplain (Work Package 1). The piles on the 
river undergo a severe erosion phenomenon with a documented evolution from 1992. To assess the 
characteristics of the riverbed with a centimetric precision, ETS Srl has implemented and deployed a marine 
Unmanned Surface Vehicle (USV) for the bathymetric survey of 35000 sqm in two days. The optimized 
dimension of the vehicle and the cutting-edge multibeam echosounder allow the seabed mapping even in 
sheltered and complex contexts. The post-processed survey is automatically implemented in the software 
GeoHECRAS to refine lidar and open DTM data for the hydraulic modelling. Other interferences, such as the 
near road bridge SP343R, were drawn directly in the software. 
A hydrologic analysis was carried to obtain the hydrograph laws and bi-dimensional modelling (Unsteady 
model) was implement in GeoHECRAS. The analysis allows a comprehensive and extensive understanding of 
the flood evolution and erosion effects for different return periods. For the mitigation of the erosion near the 
piles, an intervention with sack gabions was designed following the morphology from the high precision 
bathymetric survey and the results of the analysis. Thanks to such data, detailed quantity take-off, and cost 
estimation were possible even in the early stage of the design. Nowadays, in most cases, this operation is not 
possible even in the design for the construction stage. 
From the results of the analysis, the flood development involves also the station of Mezzano Rondani (ch. 
19+681) which corresponds to the right main levee of the Po river. In fact, the railway is a discontinuity of the 
levee. The design included a horizontal steel bulkhead with mechanical apparatus to be activated during flood 
events in order to close the levee and guarantee the safety of the station and the nearby urban area (Work 
Package 2). The design of the closing system included the reshaping of the levees, the structures, and the 
resolution of the station interferences. 
The design analyses with the aforementioned interventions show the effectiveness of the proposed solution 
to guarantee safety during flood events of the Po River in the area crossing the Brescia-Parma railway.
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An early warning and emergency management support system for municipal emergencies is presented, 
focused on drought, scarcity and flood events. 
The main objective is to help in the adaptation to climate change-induced extreme events and the 
implementation of self-protection municipal plans and to undertake the necessary actions to minimize the 
impact of emergencies on people and goods. 
The described system is composed of two parts: and early warning system for each of the events (droughts, 
scarcity and floods due to heavy rainfall) and a management system to support the coordination between the 
agents involved in the emergency response: 
• The early warning system generates and disseminates warnings sourced from static cartography to 
real time data acquisition, processing (algorithms) and cross-checking with official risk and vulnerability 
cartography, and vulnerable elements inventory. 
• The management system enables follow-up through checklists of the actions to be undertaken for 
each alert level and vulnerable item. 
Data acquisition includes cartographic information on hydrographic water resources infrastructures like 
dams, reservoirs, gauging stations, surface and groundwater bodies, rain and snowfall gauges, piezometers, 
urban and agricultural demand units, the scarcity and drought territorial units, and the flood risk and 
hazardousness to flood events cartography established by the Spanish water set of regulations for 
hydrological planning and to face events like droughts (the statistical significant decrease of precipitations 
that affect resource availability), scarcity (the inability of the hydrological system to supply water resources 
to the existing demands) and floods. All this information documented and updated in hydrological, flood and 
scarcity and flood risk management planning documents, from water to local administration, is made 
available to decision makers and water users through an intuitive, web-based database software service in a 
normalised, comparable and organised set of viewports and dashboards to provide a one-stop shop for the 
information that is needed when quick and informed decisions have to be made. 
The static information is completed with real time information from observation sensors, such as official 
weather state agency (in Spain, AEMET), rainfall radar antennae, or automatic hydrological information 
systems (SAIH) for water hydrographic administrations (Confederaciones Hidrográficas), among others, and 
then combined in weather forecast models, rainfall displacement continuity correction models, statistical 
intensity-duration-frequency distributions, river streams models, drought and scarcity standard indexes and 
the sorts, thus obtaining detailed and accurate forecasts on the evolution of the situation, and making it 
possible to determine and disseminate early warnings to a selected set of user from local to regional 
administration entities, as well as civil protection response units, implementing the action plans for each alert 
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level and enabling a follow up on these action sets (who has to do what, has it been done, what’s the next 
step) with a streamlined, robust  accessible interface.
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In recent decades, climate change has caused unusual extreme climates all over the world. Therefore, climate 
change impact assessments have been implemented based on global circulation models. However, there is a 
significant limitation in the representation of local climate variations in the spatial scale of the global 
circulation model. To address the scale mismatch, the analog-based downscaling method has commonly been 
used. But there are few studies to find optimal predictors of analog downscaling in South Korea. And it is 
difficult to find an optimized downscaling approach for extreme climate. In this study, optimal predictor 
variables were searched that are suitable for downscaling daily precipitation in cases of normal and drought 
periods in South Korea and elaborated on the added value of the downscaling method for drought periods. 
As a result of the predictor search, the combinations of precipitation and circulation were most practical for 
normal and drought periods. However, circulation variables or pressure levels suitable for normal and drought 
periods were explored significantly differently. The predictor sets presented in this study can be used not only 
for analog downscaling but also for other downscaling approaches. The downscaling results, which optimized 
drought period, was compared to results of conventional method in calibration period and the suggested 
method showed added accuracy than conventional method at many stations in drought periods. In validation 
results, suggested method also showed added accuracy in some stations, but stability of results is relatively 
lower than conventional approach. In future works, the stability of this methodology should be improved and 
its applicability to climate change scenarios should be explored.
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Water management is a complex issue, especially considering climate change forecasts. Semi-arid regions are 
characterized by long periods of low rainfall, temperatures are rising, water resources are becoming less 
available and on the other hand, water demand is increasing. An efficient management requires a proper 
understanding of water availability and it is a key for drought mitigation. Frequently, Physics-based models 
are used for exploitable water simulations and predictions, but these methods have an important limitation 
because they cannot be applied in cases of lack of all necessary parameters data. However, using Machine 
Learning techniques have the advantage that allows getting a good approach with fewer variables than the 
Physics-based models.  
To tackle these issues, we developed a data science pipeline that quantifies with high accuracy the availability 
of different water resources with diverse hydrodynamic behaviors such as groundwater (piezometric levels) 
or freshwater (reservoir volume and snowmelt flow rate) at several different locations allowing us to validate 
the scalability of the solution. We have applied our pipeline in the Maipo river basin in Chile (snowmelt), in 
Marbella-Estepona, Vega de Granada and Campo de Dalías - Sierra de Gádor Groundwater Bodies in Spain 
(water table levels), and for reservoir volume in Concepción, Canales, Quéntar and Beninar dams in Málaga, 
Granada and Almería respectively. 
The developed pipeline addresses from the beginning the typical case of missing values, so frequent in this 
type of resources. Once the series are completed, we have proceeded to build parallel series, both targets to 
predict and series that allow to explain the trends (precipitation, temperature, pumping, etc.). A set of 
predictions (month by month) using these series  have been made with a cross validation of the data, to 
choose the algorithm that best behaves automatically. 
The final part of the pipeline applies the winning algorithm to three-, six-, nine- and 12-month predictions, 
with three precipitation options: dry, normal and wet. 
The results are highly satisfactory, this predictive power is reflected in the low mean SMAPE (Symmetric Mean 
Absolute Percentage Error) values easy to interpret (Kreinovich et al., 2014), which in our k-fold performance 
pipeline yielded mean scores below 10% in all folds and in the worst performing pilots did not exceed means 
of 15% for periods less than six months. 
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Kreinovich, V., Nguyen, H. T., & Ouncharoen, R. (2014). How to estimate forecasting quality: A system-
motivated derivation of symmetric mean absolute percentage error (SMAPE) and other similar characteristics. 
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The hydrodynamics of the Paraná Delta is highly conditioned by the interaction of the Paraná River discharge 
and the tidal regime of the Río de la Plata estuary. In 2020 and 2021, the Paraná River observed one of its 
most significant low-flow periods in its historical record and the most extreme after the river became 
regulated due to the construction of numerous dams in the upper Paraná basin (starting in 1975). The 
observed low-flows are having a significant impact on water intakes (for consumption and cooling of power 
plants) and the navigability of the waterway. 
 
A forecasting system has been implemented to predict water levels in different cross sections at two different 
lead times, i.e., 4 and 15 days, corresponding to different meteorological tide inputs, derived from wind 
forecasts. The system is based on a one-dimensional hydrodynamic model of the Paraná Delta, a two-
dimensional model of the Río de la Plata estuary, wind input from two numerical weather prediction (NWP) 
models and autoregressive model schemes to further correct forecasts with observed data. The results are 
issued and updated every 6 hours, in interoperable format.  
 
The 4-day forecast model performance was assessed between 12/08/2021 and 25/1/2022  by means of the 
following metrics: mean absolute error (MAE), standard error (SE), and Pearson correlation coefficient (PCC), 
computed on modeled and observed series. For all lead times, an unbiased MAE was obtained. SEs of 0.21m 
for the 1-day lead time, gradually increasing to 0.29m for the 4-day lead time were obtained. Likewise, PCCs 
of 0.91 at 1-day lead time, decreasing to 0.82 at 4-day lead time were attained. 
In the case of the 15-day forecast model, the performance proved lower. The same performance metrics were 
calculated showing that the MAE was also unbiased. SEs go from 0.35m to 0.88m for 1 to 15 days of lead time, 
respectively, and the PCCs, from 0.73 to 0.22. 
 
This tool has had a significant impact among users in the region in terms of its outreach, as shown by the large 
number of website visits to the published forecasts. Even though an average of 130 daily visits are registered, 
there is uncertainty in the actual number of stakeholders that make use of this forecast system. It is estimated 
that the amplification factor is, at least, 3 to 4 times the web-access counts. This information dissemination 
takes place by less formal, yet effective, communication ways, as WhatsApp groups administrated by other 
government agencies or decision makers. 
 
In addition to the forecast system implementation, the present paper also shows high correlation between 
the demand for reliable information and the intensity of the extreme event, in this case, low water levels due 
to severe drought conditions in the upper basin.
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The availability of water resources is declining, while the demand for water continues to increase for the 
agricultural sector and drinking water supply in the context of climate change hazards, such as the increasing 
frequency of extreme weather events (drought, floods). 
In fact, several studies show that droughts occur more and more frequently, with a duration varying from one 
month to a few years. Therefore, monitoring these droughts would help in the management of groundwater 
in the short and medium term and thus would enhance adaptation to climate change. For this purpose, 
several indices allowing the prediction and characterization of these droughts have been proposed by 
researchers. Among these, two indices were selected: SPEI (Standardized Precipitation Evapotranspiration 
Index) and SGI (Standardized Groundwater Index). SPEI makes it possible to take into account precipitation 
and evapotranspiration on different time scales which facilitates the analysis of drought impact on water 
resource demands. The same is true for SGI, which allows analysis of the water table level.  
The objective of this work is to calculate each of these indices for several boreholes in Tunisia to assess 
correlations between SPEI and SGI, to project SPEI over several horizons under climate change and to predict 
the evolution of the SGI thanks to the correlations.  
Correlation between SPEI and SGI time series was examined using three different copula families, Frank, 
Gumbel and Clayton. Copulas were fitted to a 2D data set consisting of the SPEI time series and the time 
shifted SGI time series for different lag times. The Kendall 𝜏 values corresponding to the copulas for different 
lags were plotted against the lag times.   
The copula was fitted to the data maximizing the likelihood using empirical cumulative distribution functions 
for the marginals. This same pseudo likelihood function was used to construct confidence intervals at all 
confidence levels for the Kendall 𝜏. 
Plots of the 𝜏 for different lags together with the confidence interval  provided insight into the correlation for 
different lags. 
Precipitation and evapotranspiration projections were made with 11 climate models (RCM-GCM) and we 
considered two greenhouse gas emission scenarios (RCP4.5 and RCP8.5).  
The calculations of SPEI and SGI showed an alternation of wet periods and dry periods and also a time shift 
between these indices. The groundwater reacts with a phase shift. In addition, the correlation coefficients 
between the SPEI and SGI compared to those evaluated over the period when there is less anthropogenic 
forcing on the aquifers, showed that groundwater droughts are affected by other factors independent of 
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precipitation and climate, such as overexploitation of the aquifers by the growth in the number of irrigated 
areas and uncontrolled pumping. 
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Many upper reaches of important catchments around the world locate in sub-humid to semi-arid 
environments. The water balance of these areas experiences remarkable variability. Beyond precipitation 
anomalies, water and energy variables such as relative humidity and radiation can have notable impact on 
these fluctuations, with consequences at hydrological, agricultural, and environmental level. This study aims 
to characterize the role of several secondary atmospheric variables such as relative humidity and radiation in 
the generation of dry anomalies in sub-humid to semi-arid environments. Lag analysis of the interactions 
between anomalies allows the interpretation of the interplay between energy- and water-related factors. The 
study case focus on the area of the Critical zone Observatory BUREAUX-Sierra de Atapuerca, located in the 
basin of the River Vena, a tributary of Duero River in North Spain, a basin comprising from humid to arid 
conditions in the hydrological division between upper Duero and Ebro River. Results highlight the notable role 
of secondary factors such as radiation in driving dry anomalies. Radiation shows significant long-lasting 
influence over water-related variables, particularly over rainfall, given the low contribution of heavy rains to 
the water balance of the region, especially in winter, the productive season for soil water recharge. 
Interactions are overly reciprocal showing a notable role of precedent surface soil moisture on the latter 
conditions of atmospheric variables. Deeper levels of soil moisture are less responsive to the quicks changes 
of atmospheric anomalies which indicates an important resilience of deep soils to dry anomalies, at least 
when not affected by radiation. These results suggest distinct evolution of the surface and deep levels of the 
land-atmosphere system, with implications to the water available for agriculture and hydrology.
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Drought is one of the phenomena that causes the greatest socioeconomic and environmental losses. Climate 
change and human activity could increase its negative effects, so its management and prediction are of 
utmost importance. In this work we present the results and discussion of a methodology to evaluate and 
compare 7 standardized drought indices and explore their applicability to monitoring agricultural yields of 
rainfed cereals on a national scale. The methodology followed four steps: a) computation of the national level 
aggregated indicators (DIs) and the percentage of area affected by drought (PAA) for several temporal 
aggregations (-1 to -12 months); b) validation of the Dis and PAA through an analysis of the probability of 
detection (POD) or the hit rate, and the probability of false detection (POFD) or the false alarm rate; c) analysis 
of cross-correlations between DIs; d) application of a statistical model of crop yield using the DIs (each month) 
and PAA (annual) as candidate predictors. The case study was Mozambique, a country with poor 
hydrometeorological monitoring and scarce subnational agricultural data, so we used global climate 
databases (satellite and measured) for the computation of DIs and PAA. The cereals chosen for the analysis 
of yield variability were sorghum and maize, since they are the most important in the country and their 
production is mostly rainfed. The results showed that the Standardized Precipitation and Evapotranspiration 
Index (SPEI), the Palmer Drought Severity Index (PDSI) and the Standardized Soil Moisture Index (SSI) were 
the ones that best detected the historical droughts registered, using the DIs as PAA. Following the physical 
development of the phenomenon, it was found that the SPEI, based on meteorological variables, presents 
drought events between 1 and 4 months earlier than those based on soil moisture (SSI and PDSI), with higher 
correlation values for 12-month temporal aggregations (0.55>R2>0.87). The SPEI (at the end of dry season 
and with short aggregations) best explained the agricultural yields of both crops, however, the PAA was 
consistently better than the DI for all aggregations evaluated. Through an empirical spatial analysis of the dry 
years, we found that the calculation of DI smooths the extreme values of the spatially distributed indices, 
while the PAA reveals all the spatial characteristics, which would explain the better performance of the PAA 
against the DI, despite having high correlations between them (R>0.80).  The proposed methodology could 
be useful for countries or areas with limited subnational agricultural data, while the results could be useful as 
a tool for drought managers in Mozambique.
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Drought, with its occurrence and manifestations at all levels of the natural components (atmospheric, 
hydrological, pedological and hydrogeological), yields both direct and indirect negative effects, on the 
ecological systems, water resources, social, as well as economic aspects of life. Therefore, any analysis that 
concerns this phenomenon, must be carried out at a multi-scalar level, addressing all manifestation levels 
(meteorological, hydrological, and hydrogeological drought). Standardized evaluation indices (for 
precipitation - SPI, evaporation-, - SPEI, streamflow – SDI and groundwater – SGI) have been used to analyze 
the evolution of the drought phenomena in Eastern Romania, for 1, 3, 6 and 12 months’ time-scales, applied 
to seven groundwater bodies, as well as to assess the link between different types of drought. The results of 
the analysis complement the observations concerning the evolution of meteorological drought (using SPI and 
SPEI) in the East European region, by highlighting the drought sequences of the last two decades of the last 
century. Those are accompanied by the meteorological drought sequences which occurred on extensive 
areas, starting from 2007, until present, with direct effects in river discharge and increases in groundwater 
level depths. The response of natural systems to the conditions imposed by water deficit is different, however, 
the evolution of meteorological, hydrological and groundwater drought phenomenon in Eastern Romania, 
reveal a real connection between them, especially in the last two decades. The Bravais-Pearson correlation 
coefficient shows a close connection between meteorological and hydrological drought (r~ 0.45 to 0.68) and 
between hydrological and groundwater drought (r~ 0.42 to 0.74) for wells with piezometric level under 5 
meters depth. In the larger context of climate scenarios which envision, regionally speaking, an increase in air 
temperature, and a decrease in the atmospheric hydrological input, the increase of the drought frequency is 
obvious, with direct effects on all natural components that are dependent on the hydrological resources (soil 
moisture, streamflow, groundwater etc.).
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Heavy precipitation and resulting flash floods regularly cause serious property damage and endanger human 
life. In Germany the damage is in the order of 50 % of the total damage caused annually by floods. In 
particular, the State of Baden-Württemberg is promoting the creation of municipal hazard maps for heavy 
rain risk management; these should detail flow pathways with information on flood depths and flow 
velocities. 
Broad and positive experience exist with the use of multi-dimensional CFD models for rivers and streams in 
engineering practice for around 20 years. In contrast, methods to simulate heavy rain surface runoff presents 
significantly greater uncertainties. A direct transfer from river hydraulics of empirical values to parameterize 
the models is not possible due to the different scales of the flow depths, terrain gradients and 
morphodynamic processes. Besides difficulties on defining flow geometry, appropriate spatial resolutions and 
the adequate quantification of the flow resistances due to surface roughness and shape irregularity or 
vegetation is the main challenge. A comparative study shows a considerable impact of the uncertainty in the 
parameterization of flow resistance in the discharge hydrographs in the investigated area, and this will 
ultimately increase the uncertainty associated to risk assessment and emergency actions. 
This article presents the results of a comprehensive literature study) on the roughness parameterization of 
sheetflow. More than 250 international literature sources were studied and partially transferred to a meta 
database. Concentrating on the determination of roughness parameters, one can differentiate between field 
tests on natural surfaces such as meadows and arable land, and laboratory tests with synthetic material. It is 
noticeable that the roughness values of the field tests also include unexpectedly smooth roughness values 
which are within the scope of the usual roughness values for river modeling. It is presumed that this is due to 
runoff concentration based on small-scale geometric irregularities of the natural surfaces. Further 
considerations on the applicability of common flow formulas are discussed. In particular the application limits 
when using the Darcy-Weisbach formula are shown.  
This study was made on behalf and in collaboration with the LUBW (Institute for Environmental Protection 
from the State of Baden-Württemberg, Germany). 
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This article presents a regional analysis of annual maximum daily rains recorded in 40 stations of the Tonala 
river basin applying the variation coefficient method. The stations-year technique allows to infer information 
in those sites with few or null data available. The hydrographs associated to different return periods of 
statistical storms were obtained using a distributed rainfall – runoff model. This model considers the curve 
number method of the Soil Conservation Service (SCS) to estimate the surface run off and the infiltration of 
the basin. 
Regionalization seeks to incorporate hydrometric or climatological data from different stations in order to 
obtain a single record of information with a length equal to the sum of each record separately. Therefore, it 
is possible to estimate reliable design events by extrapolating a probability distribution function to high return 
periods. 
Several studies have shown that the proper use of regionalization techniques allows to obtain a better 
estimate of design floods and rains. 
The variation coefficient method was used to define the homogeneous region(s) of climate stations. 
The traditional hydrological models consider that the analysis of simultaneous annual maximums 
overestimates the mean of precipitation data, for this reason the method of the reduction by area factor 
(FRA) converts the punctual precipitation to areal, considering the non simultaneity of the maximum rains in 
the stations within the area of the basin. 
The study area and its basins of contribution were determined using a Geographical Information System (GIS) 
to process the lidar model with 5 m of resolution. 
For the estimation of the maximum hydraulic flow, the Runoff Forecasting Model (MPE) was used, it was 
developed by the Institute of Engineering of the UNAM, Mexico (Domínguez et al. 2008), it obtains the runoff 
hydrograph of a basin with a distributed parameters model that considers  the losses by evapotranspiration 
that appear during the interval of time between a storm to another , and uses the Curve Number Method. 
The design floods associated to different return periods were obtained using the MPE model considering the 
regional rainfall analysis. The MPE model takes into account the hydrological calibrating parameters, as well 
as a mesh map for the basin that contains the curve number and travel length for each cell.   
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Flooding is the most catastrophic disaster in the US, and escalating climate change is exacerbating it. The 
extreme daily precipitation events (99th percentile) have been observed to increase by 42% in the Midwest 
region from1958-2016 and are projected to increase at least 40 percent more by the end of the century, 
according to the Fourth National Climate Assessment. 
 
The integrated urban drainage systems (IUDS) in major metropolises worldwide generally need to upgrade 
their conveyance and storage capacities to adapt to the changing environment due to urbanization and 
anthropogenic climate change. For example, the City of Chicago, Illinois, USA, ameliorates their existing 
massive drainage systems by adding upsized tunnels and storage reservoirs partly to alleviate rain-flood risks 
at the streets and residential areas. Data about flood risks could help the cities make these events more 
manageable and less detrimental, but flood maps and flood forecasting techniques generally do not account 
for pluvial flooding that is directly caused by extreme rainfall in urban settings. Moreover, designing 
infrastructure towards a flood-resilient city requires planning more comprehensively as the entire urban 
landscape interconnects and should be considered a system.  
 
This study adopted a previously developed modeling package for the IUDS across Chicago, which integrates 
the hydrological processes at each pre-delineated catchment into a finite difference-based hydrodynamic 
model for the transient flows conveying in the sewer systems connecting hydraulic structures. Therefore, the 
model supports dual drainage modeling, which interconnects surface runoff and storm drains.  
 
Distinct from previous studies focusing on the characteristics of a subset of the system, this study examined 
the masterplan to best account for its interconnected nature with the fewest assumptions of inflow boundary 
conditions. This study first assessed the system vulnerabilities to extreme events via numerical simulations of 
an array of pre-selected synthetic storms constructed based on regional precipitation characteristics, 
including extreme events with return periods up to 100 years. Furthermore, a reanalysis of a recorded flood-
producing event that occurred in 04/17-18, 2013 was also performed based on diverse high-resolution data 
and further used to simulate the system response considering storage capacities with and without the 
inclusion of the deep tunnel system. A spatial representation of predicted city-wide flooding risks was 
presented in peak flood depths and durations, and the latter is a typical indicator for system resilience. Critical 
precipitation intensities along with local and global conveyance capacities were identified as the major hurdle 
of drainage system performance to curb surface waters in case of downpours. Comparable spatial disparities 
were predicted across the simulated storms and were consistent with the flood insurance claim mapping due 
to economic and infrastructure statuses.  
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Nice Côte d’Azur Metropolis faces numerous challenges in the Paillons River catchment. On one hand, the 
watershed provides water resources to large communities in the French Riviera. On the other hand, historical 
extremes rainfall events show that the area is sensitive to flooding and drought. In fact, complex hydrological 
processes generate runoff over the 246 km2 watershed. The steeply and mountainous area lies between 0 
and 1500 m elevation. Its river drains out through the urban centre to an outlet at sea. For several years, a 
river monitoring system have recorded meteorological and runoff data at different locations of the river 
network. Previous studies assessed the hydrogeological processes or their impacts of this catchment. But 
there are limitations in spatial details or length of periods of studies of rainfall-runoff processes, in surface 
hydraulics, in the hydrodynamics of the unconfined aquifer, and in river-aquifer exchange. To fill the missing 
data gaps and reproduce the complex processes, deterministic distributed models are needed. Thus, this 
study is part of a modelling strategy that can produce detailed information and optimize the organization of 
massive data collected. Results show capabilities of MIKE SHE coupled with Mike 11 to model extreme rainfall 
events. The max discharge on November 6th was estimated at 400 m3/s at hourly average. The error of 
maximum (ErrMax) is 0.14 m3/s and the RSME is 6.83 m3/s , for the event of 5th to 7th November 2000. The 
assessments of the November 2000 events are challenging due to lack of details time series for a long period. 
It is more challenging to assess rainfall events over several years. Some model parameters are not known over 
the catchment and need to be optimized. Horizontal hydraulic conductivity and saturated hydraulic 
conductivity of the most important soil class drive model response to rainfall inputs. The optimized value of 
horizontal hydraulic conductivity falls within the range of physical parameters. Other parameters like land use 
Strickler coefficient and thickness of saturated zone also affect the timing of peak discharges and shape of 
runoff curves. 
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The water cycle can be affected by violent events such as earthquakes, tsunamis, floods, …  In France, 17 
millions of inhabitants are exposed to flood risk. One challenge during floods is to be able to access to people 
refugee over buildings. In order to investigate the hydraulic context generated by the grouped obstacles 
representative of a submerged housing estate, a preliminary experimental study was conducted. We 
experimentally study the flow in the presence of rows of macro-roughnesses representative of a submerged 
housing estate, and this for situations representing both current and more intense floods. After presenting 
the experimental configurations, the experimental results are given and discussed. The first conclusions are 
completed by the perspectives.



Theme 8 

Extreme events: from droughts 
to floods 
 
 

Evaluating Empirical and Mechanics-based Pedestrian Stability Models 

Dr  Man Yue  Lam1, Dr. Reza Ahmadian1, Dr Charles  West2, Dr Maria  Pregnolato2, Dr Barry  Evans3, Dr Albert 
S.  Chen3, Prof Slobodan  Djordjevic3 

1Cardiff University, Cardiff, United Kingdom, 2University of Bristol, Bristol, United Kingdom, 3University of Exeter, Exeter, 
United Kingdom 

Theme 8: Extreme events: from droughts to floods (4), Seminario 6, junio 21, 2022, 15:00 - 16:30 

Floods are one of the most damaging natural hazards in human history, claiming lives and economic losses. 
While flood risk can be reduced by structural and non-structural flood protection measures, the need for 
evacuation in floods is not eliminated in disaster-resilient cities. Walking in flood water can be dangerous, and 
pedestrian stability models have been developed to evaluate the risk to a pedestrian walking in flood water. 
This paper evaluates an empirical and a mechanics-based pedestrian stability model. The incipient velocity 
(beyond which the pedestrian is unstable) for the models under different flood water depths were compared. 
Results showed that under high water depths, the empirical model gives lower incipient velocity compared 
to the mechanics-based model. Given the same flow velocity, the empirical model produces higher flood 
hazard ratings (FHRs), an indicator of risk levels. This point is confirmed by computing the FHRs for a simulated 
flood event in Keighley, Bradford, UK, in which the flood water depths were relatively high (beyond 0.6 m for 
an extended area) and the flow velocities were relatively low (generally about 0.1 m/s with small number of 
points reaching around 1 m/s). The mechanics-based model produced very low risk levels that did not justify 
an evacuation, while the empirical model produced significant risk levels for the flooded area. This paper 
shows that the stability model that gives more conservative risk levels is scenario dependent. Urban planners 
are recommended to choose pedestrian stability models to suit their intended applications. 
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Managing precipitation is intrinsically associated with high uncertainty, which is exacerbated exponentially 
over time—especially concerning climate change. Focusing only on the return period of the design event 
ignores the complexity of drainage systems and the potential changes in catchment hydrology. A design 
approach rooted in return periods is inherently an unsustainable practice that cannot deal with extreme 
uncertainties associated with urban drainage and flood resilience in changing climate and society. This 
abstract examines deterministic design practice and frames a discussion on the need for a paradigm shift in 
the engineering of pluvial floods toward a design rooted in tolerable consequences.  
 
In the consequence-based paradigm, we need to classify rainfalls not based on their intensity, but on 
consequences they lead to. In this way, all the factors, including anthropogenic parameters, that affect the 
consequences of the flood are inherently reflected in the scale. For example, identical cloudbursts in two 
cities with disparate proportions of impervious surfaces will be classified on two different levels, because the 
city with more impervious surfaces might experience more severe consequences. Considering other 
prevailing local circumstances than only the rain characteristics facilitates a more reliable development of 
design criteria with easier modification possibilities.  
 
Designing safe urban areas requires mobilizing policymakers to define what is sufficiently safe. It is unfeasible 
to design an urban area that under no circumstances can be affected by flood. It is also impractical for a city 
to invest its entire budget into flood risk management, ignoring infrastructure, education, social protection, 
health care, and whatever else cities are responsible for in various countries. Thus, a tolerable level of flood 
risk must be politically defined on an administrative level.  
 
Quantitative criteria for tolerable risk can be defined in relation to individual risk or societal risk. Individual 
risk is the probability of harm to an individual entity of what is considered valuable in a specific location and 
is often expressed as risk contours on a map. Societal risk, conversely, is a measure of risk to all such entities 
within defined boundaries, such as an urban subcatchment area, neighbourhood, or city, and is usually 
expressed as the frequency distribution of multiple flood events and their consequences—often called the FN 
curve. Individual risk criteria thus simply result in a map with areas that are unsafe for that valuable entity, 
and societal risk criteria result in lines representing tolerable risk the FN curve is not allowed to cross. 
 
This abstract is a call to the water engineering and urban planning communities to consider the limitations 
and vulnerabilities that are inherited in the current design paradigm. Consequently, a new paradigm based 
on risk-based design criteria through a holistic perspective for urban spaces is suggested. 
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Tacna region, which is located in the northern end of the Atacama region, is a very dry area. Several creeks 
that showed no runoff for 88 years caused floods in several cities in 2015, 2017, 2019 and 2020. On February 
21, 2020, unusual precipitation caused major runoff in Quebrada del Diablo (Devil´s Creek). This watercourse 
showed no runoff for more than 8 decades, and several crossings were built to connect National Road 38 with 
the Alto Intiorko sector. Several neighborhoods, roads, public buildings, and businesses of Tacna City were 
flooded causing 3 deaths and affecting 1945 families whose homes were inundated. Devil´s Creek 
encompasses 52.84 km2 and flows 24.3 km in the SW direction from the continental divide. Average slope of 
this watercourse is 5.1 %. Due to settlement in Tacna City, the creek´s mouth flows directly into the city. The 
February 2020 event was recreated using a semi-distributed hydrologic model and a 2D hydraulic model. In 
addition, several field trips were conducted to the area of interest. Preliminary results show that, even when 
unusually high precipitations were recorded in the area, the event itself did not trigger extensive flooding.  
It was observed during the field trips upstream on Devil´s Creek that two major road crossings, had been 
destroyed due to overflooding. None of them were not built by any local, state or national agency and one of 
them was, in essence, an informal embankment built by smugglers to avoid custom´s inspections near the 
Chile-Peru border. Runoff caused by precipitations was dammed in both crossings and they were overflooded, 
thus creating a dam break effect and causing extensive damage downstream.  
State agencies, such as the Geological, Mining and Metallurgic Institute of Peru (INGEMMET, acronym in 
Spanish) had already recommended resettlement of the affected areas in reports preceding the event but no 
action was taken as of 2020, when flooding occurred in Tacna City. 
Output from computer simulations and field inspections show that both creek crossings exacerbated the 
outcome of high precipitation in the area. Previous events had occurred in recent years and there had been 
warnings and recommendations to resettle population under imminent danger from national agencies. 
However, no major action took place. It was recommended to suppress any crossing that fully interrupts 
watercourses, particularly in medium to large basins and to resettle neighborhoods located near the creek´s 
mouth. Additional structural and non-structural measures were also recommended. 
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An automated Early Warning System (EWS) for flash floods is required at national level in Greece; until its 
development, local authorities are expected to design and implement relatively simple EWS to minimize the 
current flood risk in their areas. Furthermore, there exist no studies in Greece regarding the flood risk 
perception of the local population, i.e. their knowledge (based on information and/or education), experience, 
worry, awareness and preparedness on floods.   
  
In this work, we present the main aspects of the design of a relatively simple EWS for flash floods in the town 
of Mandra in Attica, Greece, which in November 2017 experienced a disastrous flash flood. The design of this 
EWS is performed within the “National Network on Climate Change and its Impacts” financed by the General 
Secretariat for Research and Innovation that was initiated in October 2019 and one of its main objectives is 
the design of an EWS in Mandra that can be used as example for other communities in Greece.   
 
The design of this exemplary EWS is based on (1) a literature survey, (2) detailed calculations with integrated 
hydrological - hydrodynamic models, and (3) a questionnaire survey. The literature survey was performed 
using international experience, mainly from community based EWS, and scientific publications. The models 
were employed in the greater area of Mandra using a topographical survey for the creation of the cross-
sections for the 1D calculations along the river and a high resolution DTM for the generation of the 
computational grid for the 2D calculations in the potentially flooded area. The questionnaire survey that was 
conducted in October and November 2018 in Mandra consisted of 29 questions, mainly of closed type, table 
or Likert scale of type “yes / no / I do not know”, scale of 5 options and multiple choice; these questions were 
grouped into 6 sections that dealt with: (1) experience of population on floods, (2) flood awareness, (3) 
acquired experience from the disastrous flood of November 2017, (4) level of information on floods, (5) 
preparedness status to deal with floods and (5) preferred mode of warning of impending floods.  
 
The main characteristics of the proposed EWS consist of: (1) the hydro-meteorological monitoring network 
that includes rainfall and stream flow (water level) gauges at monitoring locations that were determined 
strategically using a Multiple Criteria Analysis, (2) the flash flood forecasting system that involves the 
application of the integrated model for the determination of the inundation areas (and the associated flood 
risk), the stream water elevation and its rate of rise, and the estimation of the available flood warning times, 
and (3) the system for the dissemination and the notification of the warning, whose characteristics were 
determined using the outcome of the questionnaire survey.  
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Understanding multi-annual to decadal atmospheric climate controls on winter river discharge is critical to 
predict the hydrological and ecological functioning of rivers and to assess hydrological hazards. In this work, 
we examine the relationship between climate and streamflow variabilities in Western Europe through all the 
dominant climate indices in this region. Analysis of 60-year time-series of winter-averaged river discharge 
from 18 major rivers shows a strong correlation with the North Atlantic Oscillation (NAO) at the southern and 
far-north latitudes, and with the West Europe Pressure Anomaly (WEPA) at the middle and northern latitudes 
(from 42ºN to 55ºN). Compared to other dominant indices, NAO and WEPA also show a stronger correlation 
with winter precipitation in these regions, up to 180% higher than the best of all the other indices in the case 
of WEPA. The positive phase of WEPA reflects southward shifted and intensified Icelandic Low / Azores High 
dipole bringing wetter winters at these latitudes. The season-ahead forecasting of these indices could help to 
understand and predict hydrological risks such as flooding, drought and river-bank erosion, economical 
parameters such as potential hydroelectricity production, and the variability of physico-chemical parameters 
affected by river discharge.
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In a world influenced by climate change and consequently sea-level rise, extreme floods are expected to 
become more frequent in the future, representing a serious threat for riverine and coastal settlements. 
Therefore, flood protection is a large component of climate adaptation and should be closely related to other 
measures of climate adaptation and societal needs. In this context, SARCC (Sustainable And Resilient Coastal 
Cities) supports the use of integrated Nature Based Solutions into coastal management, urban planning and 
design, integrating them into existing infrastructure and flood defenses. This paper will focus on the strategy 
developed for Southend-On-Sea (UK), presenting the different approaches that were used to manage coastal 
flooding and make it part of a long-term large scale urban development strategy. In particular, this study 
estimated overtopping discharges during extreme storm conditions and analyzed their inland propagation 
using Delft3D FM numerical simulations. Based on these results, mitigation, and adaptation measures as a 
part of the spatial strategy were developed through a joint collaboration of hydraulic engineers, urban 
designers, maritime archaeologists and local authorities, pointing out the strength of interdisciplinary 
approaches for reliable and well-integrated flood protection strategies. Important highlight of the study is 
how flood risk management is integrated in spatial planning and how hydraulic engineering modeling is 
directly use as indicators to make spatial design decisions. 
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This article describes a case-study in which, following the estimation of the actual risk of flooding, the most 
effective structural and non-structural mitigation interventions for a railway line located in a potential river 
flood zone in Southern Italy, have been investigated. 
Starting from the available hydrological and hydrometric data, historical information and digital ground 
models (LIDAR), a hydrological analysis and a 2-dimensional modeling has been performed, for different 
recurrence intervals.  
The results of the 2-dimensional flow runoff simulations show that, for an extreme event scenario (300 years 
ARI), the railway line is involved in the flooding and partially overtopped.   
A series of criteria and constraints have been identified and listed dealing with local authorities, infrastructure 
owners and managers, assigning a weight score for each of the considered aspects. A range of different 
solutions has been then considered and investigated applying a multi-criteria analysis method. 
To investigate the effects of each considered solution in term of flood areas extent and water depth, the 2-
dimensional model has been implemented for different post-construction scenarios. The most suitable 
intervention, that maximized the chosen criteria, has been identified and detailed in term of geotechnical, 
structural and alignment features. 
A combined solution of a flood-wall and a continuous series of box culverts forming a water-transparent 
structure, resulted to be the best intervention with the given criteria and boundary conditions.  
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Uncertainty is unavoidable in flood modeling practices and should be properly communicated. There are a 
variety of methods and techniques for uncertainty analysis, but normally they require a large number of 
hydrological/hydrodynamic model realizations. Among several uncertainty analysis methods, bootstrap is a 
popular technique which is carried out to make statistical inferences by using limited (or small) number of 
realizations without imposing much structural assumptions. This study has critically assessed the applicability 
of bootstrap method for assessing the uncertainty in flood mapping and compared the results with those that 
are obtained from Monte Carlo method. The results challenge the applicability of bootstrap method as an 
alternative to the more computationally intensive methods such as Monte Carlo. Furthermore, the results 
suggest that the mean parameter’s variation, which is typically undertaken as a convergence criterion in 
uncertainty analysis, can lead to early stopping of the process and consequently wrong statistical inferences.
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The floods on the Hawkesbury-Nepean River pose arguably the most severe risk to life of any floodplain in 
Australia. Flood behaviour in the Hawkesbury-Nepean is driven by outflows from Warragamba Dam which on 
average controls 70% of flood flows in the system. Downstream of the dam is an at-risk population of 70,000. 
Upstream of Warragamba Dam is World Heritage listed National Park.  
 
In order to capture the many aspects of variability and evacuation uncertainty, the modelling used a Monte 
Carlo process where each option was assessed using an ensemble of 20,000 synthetic flood events. Each 
simulation involved running a hydrologic model of the catchment, dam operations and a quasi-2D hydraulic 
model of 200km of the river. One of the challenges of the project is condensing and communicating this 
enormous data set of flood risk to experts in other fields including emergency managers, government officials 
and the community. The task involved the creation of  an online portal with a series of applications that could 
flexibly display data and more importantly act as decision support tool. The uses to date have included: 
- real-time consequence and evacuation assessment during floods, 
- evacuation modelling and planning, 
- land use planning, 
- ecological assessment, and 
- infrastructure performance assessment. 
 
Using the R-Shiny package, web applications were developed where 20,000 flood events could be 
interrogated at locations over 200km of river traversing major population centres. Beyond the normal 
parameters including flow rate and level; warning time for evacuation trigger levels, duration of inundation 
above a threshold, rate of rise, fall and time to rise to a threshold could be interactively changed by the user. 
This is a particularly important tool going forward when assessing mitigation options, and the performance 
of these measures under future scenarios such as climate change. The comparative ability of this tool is a 
powerful mechanism for the communication of improvement to flood risk.  
 
During recent floods in March 2021, this tool was used by emergency services to predict a range of plausible 
outcomes in locations across the floodplain as the flood progressed. This impacted the evacuation of 
thousands of people.  
 
This paper discusses the challenges and benefits of giving different organisations access to large data sets to 
help them understand the variability of significant flood events. Central to the future capability of this tool is 
improving the broader communities understanding of flood risk and resilience to flood disasters.  
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UK railway drainage systems are facing increasing flood risks due to climate change, long asset life and the 
large numbers of poorly understood drainage assets. Lack of hydraulic capacity in the existing drainage system 
can cause track flooding and severe obstruction to railway operation. It is in the asset manager’s interest to 
better understand and forecast the hydraulic performance of the current railway drainage system, and 
manage the system accordingly in order to cope with the increasing number of expected extreme rainfall 
events.  
Railway drainage assets are owned and managed by Network Rail (NR). Although the NR drainage system is 
required to be designed to stand rainfall events with certain return period following the company design 
standards, with climate change the original designed capacity may not be sufficient anymore. Also, since 
drainage assets normally have a long lifespan and a slow degradation process, their condition may not be fully 
understood or sufficiently monitored. The gradual declining in the drainage system serviceability could further 
exacerbate the flood risk imposed to the railway under extreme rainfall events. 
Hence it is critical to build a model that could analyse the existing drainage system’s hydraulic performance; 
as well as simulate the water carrying capacity with predicted asset degradation and forecast extreme 
weather events. In this study, a model is developed by integrating the Storm Water Management Model 
(SWMM) with a railway drainage asset degradation model. SWMM is comprised by a rainfall-runoff 
component that transforms rainfall into runoff through the catchment areas, and a routing module that 
transports the runoff through the railway drainage system. The degradation process of the drainage assets is 
simulated using a Markov Chain model based on the historical asset condition records. 
This new integrated model can provide an automated and dynamic simulation process to test the drainage 
system performance with randomly generated extreme rainfall events using various climate change forecast 
models. It can also simulate changes in weather conditions by changing the weather related input parameters 
such as temperature, evaporation and catchment infiltration rates. The degradation model is incorporated 
into SWMM by altering the drainage asset characteristics that reflect their condition such as roughness and 
pipe diameter. Combinations of possible climate and drainage condition changes can be tested to help 
examine the strength of the existing system and help predict whether it could withstand the future climate 
changes. The model could also help in the design stages to test the resilience of new drainage systems, and 
hence help mitigate future flood risks. 
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Climate change is increasing the number of extreme events, like floods or long-lasting rainfalls, in densely 
inhabited area, this focusing the attention on the safety of human being in flooded urban areas. The stability 
of people subjected to floodwaters is an important aspect to evaluate people’s safety. To this aim, many 
theoretical and experimental works analyze human stability using simplified and conservative approaches, 
although the role of body articulation and posture on human stability in floodwaters is relevant. We here 
propose simple analytical models to evaluate the effect of flood impact on a human body with different 
postures, composed by a two-dimensional frame of three beams, which represent different parts of the 
human body with variable orientation. The body stability is described by means of a dynamic equilibrium of 
the system, which accounts for a tilting moment generated by the toppling mechanism induced by floodwater 
conditions, and a resisting moment that changes with the body posture and the inertial characteristics of each 
beam. The model results are compared with recent laboratory experiments, where a human body at a quasi-
natural scale was reproduced and subjected to several floodwater scenarios. Results show how the posture 
of the human body can provide a significant contribution to the stabilizing moment in the case of backward 
toppling.
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Flash flood simulations help to assess and communicate risks, study structural mitigation measures, and 
develop effective and risk-based early warning systems. In rural catchments infiltration can significantly 
reduce the surface runoff and flood risk, depending on soil types and initial saturation, land use/land cover, 
and rainfall as well as flood characteristics. Recent works of the authors showed that literature values for the 
parameters of the Green-Ampt infiltration model from two different sources have often resulted in 
unacceptable results when used in 2D hydrodynamic simulations of rainfall-runoff experiments from the 
laboratory and field. In the current work, the simulation of 41 extreme rainfall experiments on different 
meadows and arable lands in Baden-Württemberg, Germany, whose data is available in the literature, has 
been carried out with a robust 2D shallow water model. The aim is to further study the suitability of different 
literature values for the Green-Ampt parameters under diverse conditions. Overall, the simulation results do 
not agree well with the measurements, and infiltration has been generally underestimated. The highest 
agreements were yielded for recently tilled arable lands with low vegetation cover, the lowest for meadows 
with high vegetation cover under dry preconditions and low precipitation. There have been no notable 
differences between the results of the considered two different sources for tabulated Green-Ampt parameter 
values. For most of the simulated experiments, the Green-Ampt parameters of both sources were not 
suitable. A possible reason for the underestimated infiltration in the simulations could be a strong influence 
of macropores, which is not represented in the model.         
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Extreme precipitation events can cause serious damage to property and fatality, especially in urban areas. 
Flooding may be inevitable in extreme weather condition, and conventional structural measures may not be 
sufficient to eliminate flood risk. Accordingly, non-structural measures and self-protection are essential to 
disaster management, enhancing community resilience to flood. This paper describes several applications of 
non-structural measures and self-protection in urban areas to urban flooding in France and in Taiwan. The 
actions of the applications during historical events are chronicled, from preparedness to response, and the 
pros and cons of the actions are analysed and summarised in the study. The study indicates the effectiveness 
and the importance of the non-structural measures and self-protection, and problems within the applications.



Theme 8 

Extreme events: from droughts 
to floods 
 
 

Scenarios definition for extreme rainfall events based on a combination of 
field and satellite rainfall data 

Mr. Gogoua Habib Gogoua1, Msc. Franziska Tügel1, Prof. Dr.-Ing.   Reinhard Hinkelmann1 

1Technische Universität Berlin, Berlin, Germany 

Theme 8: Extreme events: from droughts to floods (6), Seminario 6, junio 22, 2022, 8:30 - 10:00 

Extreme rainfall events (ERE) and subsequent floods are very destructive concerning their consequences on 
economics, infrastructure, and humans. During the last decades, the metropolitan city of Abidjan (Côte 
d’Ivoire) has been under severe rainstorms that impose the necessity to reevaluate the significance of ERE. 
This research aims to combine field and satellite rainfall estimates to define multiple scenarios for ERE 
through statistical analysis. For this purpose, ground rainfall data and four satellites real-time products 
(TRMM, CMORPH, PERSIANN, and SM2RAIN) were used. The approach consists of the statistical evaluation 
of the pattern of ERE temporal distribution and selecting five ERE periods for applying the linear scaling bias 
correction method to determine adequate satellite rainfall estimates for ERE. Next, the annual maximum daily 
ground rainfall from 1980 to 2019 has been adjusted with the log-Normal, log-Pearson type 3, and Gumbel 
distribution functions to assess the best-fit distribution functions for proceeding with the frequency analysis 
of ERE. Through comparison with measurements, statistical extremes, and bias-corrected satellite data, 
multiple ERE scenarios have been identified. The results show that from 2007 to 2019, 45% of ERE took place 
in May and June. CMORPH and TRMM were adjusted to the largest extent for ERE between 2014 and 2018. 
Gumbel distribution function performed best proven through the Chi-square and Kolmogorov-Smirnov tests. 
ERE scenarios with up to a 500-year return period were selected for further rainfall-runoff simulations.
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A complicated flow regime has resulted from some fixed weirs, sandbars, and dense trees surrounding a 
historic diversion weir in the lower reaches of the Asahi River in Okayama Prefecture, Japan. In 2018, a severe 
flood flow was recorded over the diversion weir for the first time after it was renovated as part of a river 
improvement project. However, through laboratory experiments and conventional two-dimensional (2-D) 
depth-averaged flow modeling, hydraulic researchers previously examined the diversion discharge for flood 
control measures. The existing numerical model could not simulate some phenomena, such as flow resistance 
attributable to vegetation branches and leaves and vertical flow distribution around the hydraulic structure. 
Given the limitations of previous studies, a new three-dimensional (3-D) flood flow model with the concept 
of vegetation resistance porous model was proposed herein by estimating topography, land cover, and 
vegetation distribution from airborne topo-bathymetric LiDAR data of the targeted river reach. The numerical 
simulations of the 3-D flow around the diversion area performed during the peak stage of the recent excessive 
flooding event were compared to referenced 2-D results. Compared to the benchmarked data, the new 
model-based findings demonstrated that the depth-averaged flow velocity and water level were more 
reproducible than the 2-D estimates. Furthermore, the proposed model showed a significant advantage over 
the traditional one by revealing the vertical flow distribution, as well as free surface and near-bed flow fields 
around the targeted structure. In addition, given the current topographic and vegetation distributions, the 
diversion discharge designed with changing flow conditions revealed that the newly developed model agreed 
well with the reference planned values when compared to findings obtained using the conventional model. 
Overall, the study's findings are expected to inform management tasks for hydraulic structures designed to 
safely drain heavy rains or flood waters from vegetated rivers. To summarize, the current results can assist 
policymakers in developing a balanced and rational scenario for flood control measures that take best 
vegetation management practices into account.
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The European Floods Directive (2007/60/EC) requires that Member States develop and update every six years 
flood hazard and risk maps, to be used as the information basis for the development of Flood Risk 
Management Plans. To support such a process, the Po River District Authority signed in May 2020 an 
agreement with 20 Italian Universities and the Italian National Research Council (CNR) with the aim of 
transferring the state of the art about hydrology (including climate change effects), hydraulics and damage 
modelling into the production of the new maps, to be delivered by December 2021. This contribution 
describes the methods and tools developed by the consortium devoted to flood damage modelling 
(composed by 8 Universities and CNR), in the so-called MOVIDA project. The objective of the project was to 
provide an Information System able to perform an analytical evaluation and mapping of expected damage, 
overcoming the limitations of present maps where the evaluation of risk remains highly qualitative and 
subjective. Proper damage assessment tools were identified for all the five categories of exposed elements 
included in the Directive: population, infrastructures, economic activities, environmental and cultural 
heritage, and na-tech sites. These tools are thought to address specific requirements: (i) being 
valid/applicable for the whole District, (ii) being based on standardised and institutional data, available at 
national level, (iii) being calibrated (and possibly validated) in the Italian context. A dedicated Open Source 
Geographic Information System (i.e. QGIS plugin) was developed to support technicians in the 
implementation of proposed tools and in the visualisation and processing of damage results. The developed 
tool was transferred to Regional Authorities for flood damage evaluation and mapping to all areas at 
significant risk in the Po District.
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Extreme floods events have been recorded over the last five years in various regions of the world and have 
demonstrated the vulnerability of our modern environments regarding those specific situations. In most the 
cases, the extreme flood events and the associated inundations are generated by specific meteorological 
conditions that combine warm and wet air masses. Under the climate change conditions and the gradual 
increase the sea temperature especially in close seas like the Mediterranean environment, the possibility to 
generate conditions for the development of convective and intense events is increasing. Over the last two 
decade, several events have been recorded along the Mediterranean coastline: Algeria, Spain, Italy and 
France are some of the recurrent locations for those disasters. The recorde events have generated massive 
losses that frequently exceed € 1 billion for teh direct damages. This type of situation requests from the 
managing authorities the capacity to forecast impacts and to define mitigation plans based on the resilience 
approach. In fact and as demonstrated in many previous cases, most of the structural measures - 
embankments, dikes, diversion structures, ...- are insufficient and can not cope with the magnitude of the 
processes. At the same time and despite the large efforts deployed in technical developments, the field data 
about the flow discharges and the associated processes remain scarce and limited validity. Within this 
context, a reasonable approach is to develop modeling tools that can produce a meaningful and trustable 
estimation of the processes. The deterministic hydrological models offer this possibility and can be deployed 
within decision support systems that are used for flood forecasting and realtime management. In October 
2020, the Alex storm has affected the Vésubie catchment in the Var catchment, close to Nice, France. During 
about 6 hours, a convective and stationary rainfall event has produced more than 500 mm. The massive runoff 
- above 80% - has generated a massive erosion within the valley and produced tremendous damages 
estimated to almost € 2 billions. To answer to this challenge, Nice Côte d'Azur Metropolis has decided to 
develop a DSS based on deterministic modeling tools that can represent the full hydrological behavior of the 
Var catchment (about 3000 km2) and its various tributaries. The development of the AquaVar system is based 
on the coupling of 3 models covering hydrology, free surface flows and underground resources. The 3 models 
are operated in realtime in order to produce, every hour, a forecast for the next 3 days and for all the variables 
of the different models. The Aquavar was used to simulate the event and the obtained hydrography have 
been confronted to field observations. The results are very satisfactory and accurate hydrographs can be 
produced all over the catchment. 
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The Argentine Pampas, one of the largest plains throughout the world, has experienced during the last 50 
years a strong rise in the water table level, with the consequent increase in the frequency of floods. This 
dynamics is associated to two processes that developed over this zone. In the first place, the annual rainfall 
has shown a positive trend. Secondly, field crops have expanded throughout the Pampas, displacing 
grasslands and pastures, i.e., there has been a land use change. 
Based on numerical simulations with a distributed in space, continuous in time, and properly calibrated and 
verified hydrological model, this paper shows that though the increase in rainfall is the prime phenomenon 
explaining the increase in groundwater levels, vegetation also plays a very significant role. Moreover, the non-
linear response of the hydrological system to changes in precipitation and land use is put into evidence, as 
the combination of both effects produces a result that is much less intense than the sum of each of the 
individual effects by themselves. 
Additionally, the model indicates that there is an exponential relationship between the water table depth and 
the flooded areas, identifying a threshold value for the water table depth below which the flooded area grows 
exponentially. 
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Communities can be vulnerable to wave-induced flooding and the risk is expected to increase with rising sea 
levels and population growth. Under this threat, early warning systems are relevant instruments for effective 
risk reduction strategies. These systems combine accurate hazard estimations with risk level classification for 
specific coastal receptors such as pedestrians. Regarding hazard computations, numerical models are gaining 
in popularity among the possible tools due to their robustness in simulating wave nearshore processes. 
Regarding risk level classification, the determination of the limits that trigger those levels requires a detailed 
evaluation. In this study, SWAN+XBeach (non-hydrostatic mode) is used to simulate wave overtopping at two 
sites of the Portuguese coast, Praia de Faro and Quarteira, during three storms with varying severity. Two 
overtopping indicators are simulated to represent coastal flooding: mean overtopping discharge and 
maximum depth velocity. Field observations of impacts caused by these storms are categorized into four risk 
levels for pedestrians (no risk, low risk, moderate risk, and high risk). Then, the modelled indicators are used 
to estimate equivalent risk levels based on limits proposed in previous risk assessment sources such as Coastal 
Engineering Manual 2002, Eurotop (2018), HIDRALERTA, FLOODsite (2009). The comparison of the observed 
and estimated risk levels reveals that all sources can identify the high risk and the no risk level episodes. 
However, some discrepancies between sources are found to estimate moderate risk episodes. This study 
demonstrates that the proposed methodology is appropriate to simulate wave overtopping and properly 
characterize risk levels for pedestrians.  
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In Japan, heavy rains and floods caused enormous damage frequently. It is necessary to develop and 
implement flood forecasting system in order to protect people’s living and assets in the basin. As one of 
components to do flood forecasting, it is important to set a rainfall index that predict the occurrence of 
flooding directly for early evacuation of the residents. In this study, we present a new rainfall index equivalent 
to the hazardous water level, called as Level 4 (Lv4) rainfall index which is obtained from observed rainfall 
and water level during past floods for each 109 river basin systems in Japan. The Lv4 rainfall index is the 
cumulative rainfall over 24 hours and averaged over the catchment area, which means that if the 24-h rainfall 
exceeds the Lv4 rainfall index in each river basin system, flooding may occur somewhere in the basin. Then, 
we propose a new flood forecast system to predict the occurrence of flooding directly and probabilistically 
using the Lv4 rainfall index and ensemble forecast rainfall data. Here, we used the forecast rainfall consisting 
of 21 ensemble members by Meso-scale Ensemble Prediction System (MEPS) operated by the Japan 
Meteorological Agency. As a result of the constructed prediction system, flood hazard probability is calculated 
every 6 hours based on the total number of ensemble members that exceed the Lv4 rainfall index. We applied 
the present system to the heavy rainfall events in July 2020 in Kyushu region Japan and evaluated the validity 
of the Lv4 rainfall index and the accuracy of the present system by comparing the prediction results of the 
flood hazard probability with the actual river water level. The results indicated that the rates of concordance, 
oversight and missing of the present system were 27.8, 0.76 and 5.46%, respectively when we select the 
optimal Lv4 rainfall index. The median of lead time of all 15 flood events at 20 river basins was 19 hours. These 
results suggest the fundamental accuracy and performance of the present system. In particular, enormous 
flooding have actually occurred in the Chikugo and the Kuma Rivers, and it has been confirmed that the flood 
hazard probability increases over time until the actual water level exceeds the hazardous water level at these 
rivers. This prediction system depends only on the setting of the Lv4 rainfall index and the accuracy of the 
ensemble forecast rainfall data. In this study, it was confirmed that the accuracy of the forecast rainfall data 
is generally high, so the optimal setting of the Lv4 rainfall index is required to improve the accuracy more. 
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The transposition of the requirements of the Floods Directive Directive 2007/60 / EC on Flood Risk Assessment 
and Management (Flood Directive) into Laws, ie bylaws in Bosnia and Herzegovina, represents a significant 
step in improving the water protection segment. In this way, the principle of objectification of prioritization 
in flood risk management is introduced. The key paradigm shift is the transition from a flood control approach 
to a flood risk management approach, with the aim of reducing adverse effects [1]. 
“Methodology for the development of a hazard map and a flood risk map” (Methodology) for the territory of 
Bosnia and Herzegovina has been developed through the process of transposition of the Flood Directive. And 
it is important to note that it is largely in line with the Methodologies used in most EU Member States, but 
with some adjustments in accordance with the specifics of Bosnia and Herzegovina [3]. 
After the Preliminary Flood Risk Assessment phase, a flood hazard map and a risk map for areas of potentially 
significant flood risk were prepared (APSFRs - Further Assessment Areas (AFA) in Bosnia and Herzegovina [2]. 
It should be noted that the hazard map and the risk map for the area of Bosnia and Herzegovina were made 
for flood events 1/100. On the other hand, the damage caused by more frequent floods, such as floods of the 
return period 1/20, especially when we talk about the cascade effect, can be significant [4]. 
In this regard, the paper compares different methodologies applied in Bosnia and Herzegovina and some EU 
countries, especially in the segment related to the definition of flood risk. After that, on the concrete example 
of the river Zujevina, flood risk maps for the return period 1/20 were determined, applying several analyzed 
methodologies. A comparison of the results showed significant differences.
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Floods have caused severe economic, social and environmental impacts in recent decades all over the world, 
especially in densely populated urban areas. It is expected that throughout the 21st century, the expansion 
of the urbanization process along with climate change will increase flooding economic damage, as well as the 
number of affected people. In Latin America, floods are a recurrent problem, especially in Brazil, which ranks 
among the 15 countries with the largest population exposed to the risk of flooding in the world. Advances in 
orbital remote sensing represent new opportunities for mapping flood damages thanks to the wide spatial 
coverage provided by satellites, satisfactory temporal and spectral resolution, in addition to the free 
availability of images from several missions. The launch of Sentinel-2 satellite in 2015 by the European Space 
Agency brought new perspectives for mapping urban areas impacted by floods thanks to its high spatial 
resolution (up to 10 m in the visible band), 13 multispectral bands and revisit frequency of 5 days. This study 
aims to investigate changes in the spectral response of urban areas affected by floods in Belo Horizonte 
(Brazil), where floods are characterized by their short duration, and by high impacts due to dense population 
and urban infrastructure. The methodology consisted in (1) news survey in digital media to identify flooding 
episodes that caused damage in different parts of the city; (2) definition of a specific region to study within 
the city based on the damages reported in the news; (3) download and processing of Sentinel-2 satellite 
images from before (12/18/2019) and after the flooding episodes (01/22/2020, 02/01/2020 and 03/12/2020) 
and assessment of cloud coverage in the study area; (4) comparison between spectral response of targets 
before the flooding, using a reference image, and after flood events using selected cloud-free images; (5) the 
validation of the analysis’ results by comparison with photos and videos picturing damages caused by flooding 
collected on the news and provided by the municipality of Belo Horizonte. The chosen area of study is Teresa 
Cristina Avenue, one of the main traffic axes in the city. Preliminary results have shown an increase in the 
mean reflectance value after the flooding for some tranches of the avenue. Photos, videos and Google Street 
View images exhibit mud traces and asphalt damages on these tranches after flooding episodes. The increase 
in the reflectance registered by the satellite in some segments of the avenue is related to soil transport and 
damage to the asphalt coverage caused by the flooding since unpaved roads and bare soil have higher 
reflectance than paved roads. Using Sentinel-2 imagery for identifying urban areas damaged by floods is a 
promising approach that may contribute for improving flood risk management in cities.
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The European Copernicus Coastal Flood Awareness System (ECFAS) project aims to deliver a proof of concept 
of a coastal flood alert system for an improvement of the Copernicus Emergency Monitoring Service. A flood 
map catalogue for European coast derived from numerical models will be created. In order to generate such 
a catalogue at pan-European scale, it is necessary to optimize the development of the flood models to find a 
balance between robustness and feasibility according to the project’s scope. These decisions concern the 
model's parameters such as the grid resolution, the numerical solver and the formulation of the wave 
contribution used for the boundary condition with the available data. To support these choices, it is important 
to identify which are the most influential parameters on the performance of the models and to quantify their 
impact on the models’ output. In the ECFAS project, 17 test-cases were selected for which LISFLOOD-FP 
models are being developed covering sites across Europe and different storm events. It gives a panoply of 
local morphologies and boundary conditions derived from the storm characteristics, i.e. duration of the storm 
and total water level. In addition, a few selected physical and numerical model’s parameters were tested and 
varied giving more than 45 models per test-case. These parameters are the grid resolution and the numerical 
solver, the ground friction, and the wave set-up formulation used to estimate the total water level necessary 
as a boundary condition. A sensitivity analysis was performed using a one-driver-at-a-time method on the 
maximum flooded areas and water volumes. The differences between models when changing a single 
parameter were computed and then averaged for each parameter. The results of this sensitivity analysis allow 
us to identify patterns through the test-cases correlated to geographical region and provide vital information 
for the calibration the flood models across Europe. In the present analysis, the floodplain solver was the 
parameter that most strongly influenced on the Atlantic coasts while it was the wave set-up formulation on 
the Mediterranean coasts.
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The purpose of this study is to understand the characteristics of spatial distribution on heavy rainfall using 
analyzed radar rainfall data. The study area is Yoneshiro River Basin in the northern Japan, which has 136km 
length and 4,100km2 catchment area, and has 11 rainfall gauges. Rainfall data at these gauges were used to 
detect the heavy rainfall events regionally. JMA (Japan meteorological agency) analyzes and provides hourly 
radar rainfall data rescaled with spatial resolution with 250m by 250m from 1988 to 2015. Then, the return 
period was calculated at each grid cell using GEV (Generalized extreme value) distribution by PWM 
(Probability weight moment) method to estimate the parameters for the radar data after testing several 
distribution functions.  Regarding the rainfall height, the DA (Depth - Area) relationship was analyzed for two 
types, a heavy rain event without a flood and a heavy rain event when a flood occurred. Several former 
formulas for DA relationship were tested for the agreement to actual rainfall obtained by radar rainfall data. 
Arakawa’s formula, which was based on Horton’s formula and was commonly used in Japanese sewage 
design, was the best fitted for the relationship of DA in the case of maximum hourly rainfall. After making a 
spatial distribution of stochastic rainfall, the spatial distributions for each probabilistic year (return period) 
were compared in Yoneshiro River Basin. We call RA (Return period - Area) relationship to this comparison. 
As the results, it was greatly different between the point where extreme heavy rainfall is likely to occur and 
the point where annual average rainfall is large. The relationship between the probability rainfall and the 
rainfall area was analyzed in the cases of heavy downpour generating a flood. We obtained 28 heavy 
downpour events and obtained RA relationships in the upper, middle and downstream regions. Then the 2013 
event had the largest area with heavy downpour in the upper and middle regions and the 2007 one had the 
largest area in the downstream region. As a result of comparing the heavy rainfall events with 50 years return 
period of 2013 and 2007 when floods occurred in the upper, middle and lower regions, the area in the 2013 
was about 14 times that in 2007. Additionally, in the area where heavy rainfall occurs in the 100 years return 
period, the heavy rainfall area in 2013 was about 50 times that in 2007.There was a large difference in the 
area of heavy downpour depending on the event. 
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Coastal flooding events generated by the combination of different simultaneous Meteorological and 
Oceanographic processes (i.e., astronomic tides, sea level anomalies, storm surges, wave run‐up, winds, 
rainfall, etc.) that occur at different spatial and temporal scales, are a big concern for Pacific nations. 
Nevertheless, relatively short records result in historical observations of only a small fraction of all the possible 
range of conditions that could potentially lead to coastal flooding. To overcome these restrictions, climate-
based emulators have arisen as an efficient alternative to generate synthetic time series of Met-Ocean 
parameters.
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“Associated events” are events that should also been considered in flood modelling due to their importance 
for operational flood risk management. They include for example flood defense failures, flood mitigation 
strategies taking places during an event, backwater effects at a bridge, and a number of phenomena that can 
exacerbate the severity of a flood, but they are usually neglected in the context of flood hazard assessments 
and mapping. The inclusion of associated events can play an important role in the development of consistent 
scenarios for flood hazard analysis, in particular for such systems that are characterized by a rapid 
hydrodynamic response. The hazard scenario trajectories may include obstruction due to woody debris 
transport evolving sometimes in a subsequent dam-break flows. Moreover, this can impact on the upstream 
water levels with a backwater rise due to the bridge constriction and spanwise clogging, and downstream 
consequences on flow and depth hydrographs are even expected due to the sudden unblocking of the bridge. 
In this study we propose a simple decision tree for the inclusion of clogging and breakage in 2D flood modeling 
based on direct or predisposing factors and an original method for simulating the macroscopic effects of 
clogging and breakage at a bridge, particularly useful for the worst cases in which a “spanning jam” is likely 
to form during a severe flood event. The method relies upon setting an internal boundary condition that was 
capable to simulate both the clogging and the dam-break wave resulting from the instantaneous breakage. 
The method was validated against experimental tests and then applied to a well-documented case studio 
numerically reconstructed by means of a direct rainfall simulation, leading to reproduce the event dynamics 
in a more faithful way and in accordance of the witness reports. The study set new light on the possibility to 
account for such kind of associated events and evaluate their consequence on flow dynamics for the 
reconstruction of past events and “what if” (or probabilistic) scenarios for flood hazard assessment.
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Coastal areas are particularly vulnerable to climate change due to their exposure to mean sea-level rise and 
an intensification in the frequency and intensity of extreme events. Moreover, it is expected that these effects 
will be increased according to the latest climate change projections (AR6, IPCC (2021)). Among the most 
vulnerable areas in Europe are the coastal urban areas of the Macaronesia islands territories. In fact, there 
are several examples all along the Macaronesia islands where the effect of extreme weather events has 
produced severe coastal flooding with dramatic effects. 
 
Coastal urban areas in Macaronesia islands are characterized as settlements with a high tourist pressure, 
while their urban typology, often influenced by their history, has a high degree of confinement in the territory, 
which hampers their expansion and growth and, consequently their adaptation to climate change impacts. 
The use of conventional techniques as adaptation strategies that significantly or entirely reduce the risk of 
coastal flooding does not seem to be an appropriate solution in this case due to the characteristics of the 
waterfronts. On the one hand, the high degree of confinement of urban settlements within the territory and, 
on the other hand, the orography, make conventional adaptation options unfeasible to be implement due to 
the high degree of investment needed. 
 
Within the scope of sustainable development and at the same time with the aim of increasing resilience in 
these areas, the development of a new methodological framework for implementing risk reduction and 
adaptation measures in coastal flood-prone areas is proposed. This is planned to be agreed with public 
participation programs of information to the residents and awareness for a complete involvement of the 
different agents involved in the management and use of urban coastal areas (local and regional), helping to 
define the acceptable levels of flood risk used as the reference for the adaptation measures design. The main 
premise is that coastal flooding cannot be fully prevented and that the coastal island areas of Macaronesia 
need to learn to coexist with flooding events, but through adaptation programs and local awareness that 
increase the resilience of the coastal urban assets. The work will present the application of this methodology 
in the coastal front in Garachico municipality. A wave climate analysis covering historical events and future 
climate change scenarios will be presented within the scope of a risk reduction analysis, based on the IPCC 
framework, for the different adaptation measures designed for the municipality. 
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In arid and semiarid regions groundwater often represents the major water resource. In these regions, the 
demand for water is constantly increasing. Recharge is an important term in the groundwater balance. But 
climate change is expected to slow the level of recharge by 10% to 30% by 2070. 
The present paper aims to study the impact of climate change on groundwater recharge rates using climate 
and numerical modelling. For this purpose, we chose three groundwater systems located in Northeast and 
central Tunisia: , Nabeul and Kasserine aquifer system (KAS). 
Korba and Nabeul coastal aquifers are located in the Cap Bon Peninsula (mean precipitation is 450 mm and 
mean annual evapotranspiration is 1100 mm), and are overexploited for agricultural purposes. The KAS, 
located in an arid region in Central Tunisia (mean precipitation is 300 mm and mean annual 
evapotranspiration is 1233 mm), is a transboundary aquifer extending into the northeast of Algeria. The main 
regional reservoir of the KAS is the deep Miocene sandstone representing the most available source of water 
supply in the area. 
In both study sites, a numerical modelling method (HYDRUS-1D) was applied to estimate the present diffuse 
recharge rates using climatic and soil field investigation campaigns dataset. One, three and four soil profiles, 
representing different recharge zones, were selected for Nabeul, Korba and the KAS groundwater systems 
respectively.  
Daily mean temperature and precipitation were extracted from 9 regional climate models forced by general 
circulation model (GCM-RCMs) issued from EURO-CORDEX project. EURO-CORDEX provides the most recent 
high resolution climate projections for the European domain with a 0.11° resolution (horizontal grid spacing 
of ~12 km). The period 1970‒2000 corresponds to the historical model simulation. Climate projections were 
performed over the future periods 2040‒2070 and 2070‒2100, with two radiative concentration pathway 
RCP 8.5 and RCP 4.5. Quantile Mapping was adopted as the Bias Correction approach for the projected raw 
daily GCM output.  
For Korba aquifer, the calculated yearly aerial recharge rate, using HYDRUS-1D, ranged from 0.7 to 6.2 %. For 
the KAS,  model calculations showed that recent recharge rates were between 0.2% and 6.7%. 
Projected groundwater recharge for Kelibia showed an increase reaching 34 % from 2040 to 2070. From 2070 
to 2100, groundwater recharge will decrease of 72.01%. For Nabeul, groundwater recharge will increase by 
10.83 % for the period of 2040-2070 and will decrease by 62% for the long-term projected period. 
Groundwater recharge for the period of 2040-2070 in Kasserine will decrease by 13.58% and 19.57% of the 
total rainfall for sites P1 and P4 respectively. However, recharge for site P3 will remain null. The recharge will 
decrease by 22.37%, 57.26% and 22.10% for sites P1, P3 and P4 respectively for the long-term period 2070-
2100. 



Theme 8 

Extreme events: from droughts 
to floods 
 
 

Disaster investigation and modelling analysis of extreme flash flood in 
Wangzongdian county, Henan province, China 

Dr. Qiang Ma1, Dr. Sijia Hao2, Dr. Wangyang Yu1, Mrs. Lin Sun1, Dr. Yizhu Lu1, Dr. Wenlong Song1, Dr. Changjun 
Liu1 

1China Institute of Water Resources and Hydropower Research, Beijing, China, 2North China University of Water Resources 
and Electric Power, Zhengzhou, China 

Theme 8: Extreme events: from droughts to floods (7), Seminario 6, junio 22, 2022, 12:00 - 13:30 

Nowadays, the occurrence of extreme rainfall becomes more frequent and often causes serious economic 
losses and casualties. In July 2021, the Henan province of China has suffered the heaviest rainfall in history. 
The maximum hourly rainfall in Zhengzhou city reaches 201.9mm/h which is the newest record in China. The 
Wangzongdian county is around 40km away from the Zhengzhou city, with 5.3km2 area, 28 villages and 1,394 
residents. The county is surrounded by hills and the extreme rainfall led to a serious flash flood disaster that 
destroyed dozens of houses and made many casualties. With the data collected from field investigation, a 
numerical model was set up to analysis this flash flood disaster. The results shown that: (1) the upstream 
mountainous catchment has produced the flash flood with very short response time to the downstream, (2) 
the extreme rainfall fell on the bare soil at upstream has produced big amount of discharge mixed with heavy 
sediment that blocked the river channel at one arch bridge which let a small “dam break” occurred, and (3) 
many culverts has also blocked and then changed the flow pass to make the overflow entered the villages 
through the road. This disaster is a typical flash flood event with characteristics of (1) sudden extreme rainfall 
covered almost whole catchment, (2) very short response time, and (3) heavy sediment in the flow to block 
and modify the river path. The knowledge we learnt from this analysis could be helpful to guide the 
emergency management in the future.
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UK railway drainage systems are managed by a single infrastructure company called Network Rail (NR). These 
drainage systems are essential for conveying water away from the track and preventing operational and asset 
failures such as track surface flooding. With a detailed well calibrated hydraulic model of a drainage system, 
track flooding could be predicted for anticipated rainfall events, but the data does not exist to build accurate 
hydraulic models for the entire rail network (20,000 miles). Currently, drainage asset data is sparse, 
infrequently collected, and not organised into systems. In this study, machine learning (ML) algorithms were 
developed to analyse historical data of track flooding in order to identify plausible linkages between rainfall 
parameters, drainage asset condition, and track flooding (seen as failures), and to thus develop a predictive 
tool for drainage system failure causing track flooding. 
 
Plausible linkages between various input and output parameters were firstly identified and investigated in a 
qualitative and efficient way using an unsupervised ML technique, namely Self-Organising Maps (SOM). The 
plausibility of the identified linkages was further investigated by conducting interviews with experienced 
members of NR staff, and probable failure mechanisms were identified for track flooding, and presented in 
the form of failure pathways. Supervised ML algorithms were then employed to objectively quantify these 
linkages and estimate potential for track flooding failure under different rainfall scenarios using existing asset 
characterisation and condition data. The developed algorithms were then applied to understand the potential 
for failure risk for small groups of assets (1/8-mile sections of a UK railway line) for a range of rainfall values 
to examine under what condition any small system of assets can be expected to fail. 
 
Once trained, the model can be used at an operational level, where weather forecasts can be used to identify 
assets with immediate high risk, or at a strategic level, where all assets could be assessed for risk of failure 
under typical rainfall conditions, enabling risk ranking of assets for maintenance prioritisation. Ultimately this 
technique could provide a mechanism for improving drainage system management, reducing the risk of 
failure, and thus improving the safety and reliability of the UK’s railway network. 
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Unregulated peak discharge, which is the standard for river management in Japan, has been determined by 
statistical processing of future flood forecasts. However, it is difficult to deal directly with the changing 
discharge statistically because it includes various factors, such as landform characteristics, climatic conditions, 
and artificial systems. Therefore, rainfall, which contributes the most to runoff in a watershed, has been 
statistically processed, and flood discharge has been predicted by flow simulation using this rainfall. 
On the other hand, this method does not take into account factors other than rainfall in predicting the future 
river flow, and therefore has not been able to extend discussions on the response of river flow to rainfall. In 
addition, it is necessary to take into account climate change due to global warming when predicting future 
flood discharges. 
In this study, the correlation between flood discharge and future rainfall is researched and evaluated by 
simulating the river flow condition with consideration of climate change using the large ensemble climate 
prediction data (d4PDF). The Yamato River system, a first-class river that originates in Nara Prefecture and 
flows through the Osaka Plain in Japan, was selected for the study. For the simulation, we used a distributed 
runoff model that has been modified to take into account intake and wastewater by the artificial system and 
water supply from other basins (the Kinokawa River basin).  We used 5,400 years of the +4K climate simulation 
data (60 years x 90 ensembles) and the Historical climate simulation data (30 years x 50 ensembles)  from 
d4PDF as input values to simulate the long-term flow conditions of the Yamato River. 
To evaluate the extreme value statistics for flood discharge, the maximum temporal discharge values for each 
5-day interval were compiled from the flow simulation results, and the top five annual data were extracted 
from them. In addition, the basin-averaged total rainfall for the 18-hour rainfall duration in the Yamato River 
basin was extracted from the time of the maximum flow. The results that we analyzed the correlation 
between the 18-hour total rainfall and the flood discharge showed that as the rainfall increased, the discharge 
also increased in a correlated property with a wide range. Also, outliers, which significantly affect the range 
of correlation, were found for both rainfall and discharge.
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From May 2016 until November 2020 AQUATEC coordinated Europe’s first large-scale innovative project on 
urban resilience: the RESCCUE Project (RESilience to cope with Climate Change in Urban arEas–a 
multisectorial approach focusing on water). RESCCUE (www.resccue.eu) built around three research sites 
(Barcelona, Lisbon and Bristol) co-funded by the EU Horizon 2020 research and innovation program under 
Grant Agreement no.700174, with a total budget of 8 M€.  
RESCCUE team was integrated by AQUATEC as project coordinator; 3 city councils of the cities included in the 
study; the United Nations agency for human settlements (UN-Habitat); utilities: Endesa, EDP, Aguas de 
Portugal, and Wessex Water; research centers: Cetaqua, FIC, LNEC and IREC; universities: University of Exeter 
and EIVP and SMEs:  Hidra and UrbanDNA. 
Considering that most of world population will end up living in cities the main objective of the RESCCUE 
project was to help urban areas around the world to become more resilient to climate change. RESCCUE has 
provided innovative models and tools to improve the ability of cities to withstand and recover quickly from 
multiple shocks and stresses and maintain continuity of services. The three case studies, Barcelona, Bristol, 
and Lisbon, have become a testing platform for the cutting-edge technologies developed in RESCCUE, but 
these are also ready to be deployed to different types of cities, with different climate change pressures. 
To foster the replication of these results, the main tools, models, datasets and methodologies developed in 
RESCCUE are showcased in an end-users – city managers and urban service operators – oriented toolkit 
(https://toolkit.resccue.eu/). 
From climate change scenarios to dissemination tools, and from sectorial models to Resilience Action Plans 
(RAPs), the outputs that have been produced are very diverse, but special focus is put on the urban water 
cycle and urban floods. All the project results have a common goal: to increase the resilience of cities from 
around the world, by offering the methodologies and tools so anyone can take advantage of using them and 
replicate the RESCCUE results. 
Key results of RESCCUE include: 
•Climate Change Scenarios and Risk Assessment 
•Climate Change Adaptation Strategies Prioritization Methodology 
•Resilience Action Plans (RAP) for the three RESCCUE Cities 
What has been developed for Barcelona, Bristol and Lisbon, is now ready to be replicated to any other city, 
taking advantage of the team of experts from RESCCUE and the RESCCUE Toolkit. 
RESCCUE project provided a significant advance in the state of the art of climate related impacts assessment. 
Multi hazards and impacts models should be used to improve planning and operation of main urban services 
to face climate change effects. Synergies with on-going and future projects and experiences related to short 
and mid-terms EWS (including seasonal prediction) and long-term projections could help to cover this gap.
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A regional flood frequency analysis was applied to the Cantabrian and North Atlantic basins of the Iberian 
Peninsula to study the physical differences between floods generated by purely rain processes and those 
originated under snow influence. Discharge data were obtained from 83 gauging stations under a natural flow 
regime and with high-quality records between 1943 and 2015. An extensive compendium of official 
cartographic information was used to physically characterize the basins. 
 
Two issues were analyzed: (i) the hydrological-statistical consistency of the delineated homogenous regions 
and (ii) the relationship between annual maximum daily/instantaneous flow series and the physical 
characteristics of watersheds. The methodology was based on the use of different multivariate analysis 
techniques complemented in the case of issue (i) with the statistical homogeneity and goodness-of-fit tests 
of L-moments proposed by Hosking and Wallis (1998). 
 
A clear phenomenological distinction between floods was found under which: (1) acceptably homogeneous 
hydrological regions can only include basins of the same typology (pluvial or nival) and (2) the magnitude, 
frequency and shape of flood hydrographs are particularly influenced by morphological aspects in the case of 
pluvial basins but not so in basins with snow influence where thermodynamic aspects dilute the relevance of 
morphology. Overall, the results highlight the usefulness of the so-called causal information expansion to 
assist in flood frequency estimation. 
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Climate changes and urbanization trends increase occurrences of extreme flood events, which generate 
relevant disasters worldwide and motivate the need to set up adequate flood risk management plans. These 
plans should be able to develop comprehensive planning approaches and to provide decision support 
evaluating damage mitigation alternatives. The European Directive 2007/06/CE establishes that the flood-risk 
evaluation should include Cost-Benefit Analysis (CBA) on a long-term planning horizon, drawing attention to 
the assessment of flood mitigation measures. The CBA applied to the flood risk management can estimate 
the strength and the weakness of mitigation projects. The effectiveness of flood risk mitigation measures 
could be evaluated through economic criteria (e.g.: net benefit, rate of return, benefit-cost ratio, payback 
period evaluations, etc.) according to objectives motivating the choice among different alternatives. 
Moreover, the decisions selecting mitigation measures must be made before observing data, which are 
affected by high level of uncertainty. To deal with this problem, an approach based on prescriptive decision 
trees (PDTs) is proposed in the paper. They are analytical models to systematically structure and analyze 
decision problems under uncertainty. The integration of CBA and PDT can provide a decision-support for the 
optimal planning of flood mitigation measures. The paper reports the outcomes obtained in a real case-study 
for the Coghinas river flood plain (North-West Sardinia, Italy). 
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In this work, we quantify the hydrological effects of implementing natural measures for flood management 
and prevention of soil losses in a steep-slope Mediterranean catchment subject to climate change. The 
development of extreme hourly rainfall events in the last decade has led to unprecedented runoff depth and 
streamflow that can only be attenuated with a valid land management policy at the catchment scale and 
channel and floodplain restoration at specific sites. We seek to find optimal measures that minimise the 
interventions. Among others, we consider temporary wetland, barriers in gully or torrent, fascine, irrigation 
pond, pools and reconstruction of part of the existing artificial channel by green engineering methods.  
 
We present numerical results for rainfall-runoff processes and river flows using the distributed hydrological-
hydraulic model Iber+ (https://www.iberaula.es/), both in the present and intervened scenarios. We use a 
sub-metric grid size to represent the geometry of the nature-based measures in the digital elevation model 
accurately. The implementation of different soil conditions caused by various agricultural practices in soil 
management is accounted for by increasing hydraulic resistance. The numerical simulations rely on the two-
dimensional Saint-Venant equations, which were solved in a graphics processing unit (GPU) to deal with the 
massive computational mesh. High-resolution numerical simulations show the benefits of the selected 
nature-based solutions for olive orchards, which can be straightforwardly applied in other Mediterranean 
catchments. 
 
In the current climate change scenario, overland flows have increased flow depth and velocity because of soil 
water repellence, magnifying the impacts of the higher precipitation intensity. The simulation reproduces the 
water flow along the open channel that should protect the urban area from flooding. However, the increase 
in discharge led to erosion and overtopping channel failure. The severe damages in the hydraulic 
infrastructure are explained in terms of the flow depth and velocity magnitude. The numerical simulation also 
captures the urban flood across the streets, as observed in reality. 
 
In the modelled scenario with nature-based solutions, the hydrograph shows the expected delay of 
concentration-time and attenuation of the peak water discharge. Modifying the existing channel near urban 
areas and restoring the natural river course are required. Temporary wetlands ahead of artificial ponds serve 
as sediment traps, increasing water quality and availability for irrigation purposes in the semi-arid basin under 
study. Another advantage is that naturalised ponds can act as reservoirs of biodiversity, ecological corridors 
and carbon sinks. Overall, the suggested interventions contribute to interrupting surface flows of water and 
sediment, increasing soil infiltration, storing water and slowing water by raising resistance to its flow. 
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In flood modeling, the emphasis is generally placed on the flows brought by permanent rivers whose flow 
exists all year long, and that inundate surrounding areas in case of high discharges. Ravines are temporary 
rivers which can also make an important contribution to the flow, especially during great rainy episodes but 
their input is often overlooked. As a consequence, modelling results sometimes clearly underestimate what 
is really happening. 
This work proposes to highlight this difference by comparing the results of two different models of the 
Cavaillon River located in the Southern Department of Haiti: a first model without the ravines and a second 
with the ravines. These two models are produced using a triangular mesh which is finer in the minor bed for 
a better accuracy, and coarser on the floodplains which generally have a more or less regular topography. 
Topographic data for the study area were obtained from a digital terrain model (DEM 1.5 m × 1.5 m) available 
at CNIGS (Centre National D’information Géospatiale, Haiti). The triangular mesh was created in the entire 
flow domain using GMSH. The superposition of the mesh on the DEM provides an altitude value at the 
different nodes representing the different vertices of the triangles or cells. The finite volume method 
implemented in a calculation code developed at UCLouvain is used for the discretization of the Saint-Venant 
equations.  
The severe flooding of the Cavaillon city after hurricane Matthew was simulated. The upstream hydrograph 
in the Cavaillon River was reconstructed from measured water levels, while the hydrographs of the various 
ravines were obtained with Athys software using rainfall data from the Satellite Giovanni. The computed 
results of water levels and flow velocities are used to produce alea maps related to the flooding of the city. 
The results obtained from the two models were compared with what actually happened in the Cavaillon River 
with Hurricane Matthew October 2016. This comparison highlights the significant role played by the ravines 
in this system. 
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Leaky barriers, instream runoff and stream flow attenuation methods were modelled using a 1D HEC-RAS 
hydraulic model for a Natural Flood Management (NFM) monitoring test reach in the Corvedale catchment, 
UK. Indirect representations of leaky barriers used in the model included: a WINFAP- FARL (Flood Attenuation 
by Reservoirs and Lakes) index approach; a combined FARL and Manning’s n increased roughness approach; 
and clusters of leaky barriers as culvert units. The computed discharges and water depths were compared 
against recorded monitoring data at the test reach. For two rainfall events which represent partial overbank 
and full overbank conditions, the model results indicated that the greatest time lag attenuation of the peak 
flow was achieved through the culvert approach for the partial overbank condition. The culvert approach was 
verified through a comparison of observed and modelled data for both water depths and storage volumes. 
The verification shows that the culvert modelling represents both the localized backwater effect of the leaky 
barriers and the temporary water storage response offered by the leaky barriers at the test reach. The global 
attenuation indexes of WINFAP- FARL and combined FARL- Manning’s n adjustment emulated the cumulative 
effect of the enhanced ground infiltration of 86 leaky barriers and resulting reduction in streamflow by up to 
24%. Further work is ongoing to test these approaches and alternative approaches for different observed 
rainfall and design flow events.
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Extreme events with intense and prolonged rainfall have been increasingly frequent along the last decades 
due to the ongoing climate change. As a matter of fact, devastating landslides have caused huge damages, 
both in terms of human lives and economic losses. Among those phenomena, slurry flows, occurring along 
natural streams on mountain slopes after long or intense rainfalls, are very dangerous landslides. 
On 15-16 December 1999, a series of destructive slurry flows hit the residential area of Cervinara in Campania, 
Italy, which developed from the liquefaction of the pyroclastic soils covering the carbonate bedrocks. Several 
authors have back-analysed these events based on the approximation of the mixture as a continuous 
equivalent fluid. For this class of models, depth-averaged approaches are considered a convenient trade-off 
between model descriptive capabilities and model complexity. In this approach, both internal and basal flow 
resistance are described by the bottom shear stress. 
This work indagates the different rheology models applied for the Cervinara 1999 events. At first, the landslide 
propagation has been modelled with a modified Voellmy law, consisting in a frictional component and a 
turbulence parameter (1). Assuming laminar flow conditions, a non-frictional rheology with bottom shear 
stress τ, expressed in terms of consistency K and yield shear stress τy has been described with a modified 
Bingham law (2). Another frictional rheology has been represented as a Coulomb-like law depending on basal 
friction angle 𝜑 (3). In all the above models, the empirical parameters have been determined by back-
analysing the occurred events. In the present work, these different calibrated resistance models are 
systematically compared considering a variety of flow conditions covering a wide range of observed flow 
depths and unit width discharges. Emphasis is given to the different behaviours described by the models, 
despite having been applied satisfactorily to the simulations of the same event. To overcome this inherent 
limit of the back-calculation approach, and to test the preliminary feasibility of a more predictive approach, 
the comparison is extended to a further rheological model of the slurry as a shear-thinning fluid, derived by 
the laboratory characterisation of a reconstituted mud from a soil sample taken at the Cervinara site (4). 
 
(1) DOI:10.1007/s00254-003-0885-z  
(2) DOI:10.4408/IJEGE.2011-03.B-069  
(3) DOI:10.1007/978-3-319-09057-3_218  
(4) DOI:10.1016/j.colsurfa.2014.10.037
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Large wood in rivers seriously increases the destructive power of flood flow. Large wood accumulates at 
bridges and woody debris jam blocks rivers, which leads to increased water levels. In Shiso city Japan in 2018, 
the floodplain flow occurred around the bridge and the river bank was eroded. However, there are few 
experimental studies published on bridge clogging process at a single pier bridge.  
In this study, the flume experiments were performed in a 10m and 40cm wide flume. First, wooden dowels 
(6.0, 7.0 and 8.0 cm length) were used to model driftwood. Model logs were supplied to the flow at 4.0m 
upstream from the model bridge. Backwater rise due to woody debris jam was measured by a point gauge. 
The results were compared with the porous board tests (Okamoto et al. (2020, JFRM) and we examined the 
effect of the log length on the porosity of woody debris jam.  
Next, we measured the flow velocity under the woody debris jam at the bridge using PIV. The effect of velocity 
field on the driftwood accumulation was investigated.
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In July 2018, the heavy rainfall in western Japan caused severe damage to Mabi Town, Kurashiki City, Okayama 
Prefecture. A large area of 12 km2 was flooded in a short time after collapse of the embankment of Odagawa 
River. While there is concern about the intensification of heavy rainfall disasters, it is required to grasp the 
situation of inundation quickly and widely. This is expected to use earth observation satellites that equip with 
Synthetic Aperture Radar (SAR), and the implementation of the emergency observation immediately after the 
disaster and the development of base map are in progress. 
 
In this research, we propose a method to estimate the inundation depth easily by detecting the flood zone 
automatically using SAR satellite data of emergency observation and base-map data of the same season in 
the near past. 
 
The analysis was performed on the area surrounded by the west bank of the Takahashigawa River and the 
north bank of the Odagawa River. We used ALOS-2/PALSAR-2 satellite images observed on July 7 and April 
14, 2018, which were provided by JAXA in the framework of SENTINEL ASIA, an international joint disaster 
prevention project, immediately after the disaster. It is recorded as a number and represented on the screen 
as a luminance distribution. At the water surface, microwaves are reflected specularly and their 
backscattering is weakened, so they appear darker. On the other hand, it appears brighter on the rough land 
and structures due to the stronger backscattering to the satellite. This feature can be used to identify the 
inundation area in the area. 
 
Although there is room for improvement in estimation accuracy due to layover and resolution limitations, it 
seems to be an effective measure for emergency disaster response. Seasonal conditions are important factors 
in finding and identifying flooded areas. For this reason, it is desirable to have multiple pre-disaster satellite 
images as a base map in the analysis of the flooded area. In this study, the actual working time was about 12 
hours, including trial and error on the threshold setting. Other processing times, except for manual threshold 
setting, can be done within one hour. In practice, the goal is to obtain data within 30 minutes after obtaining 
them, so automation of the operation is necessary in the future.
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Climate change will have a substantial effect on the water cycle, leading to severe environmental issues and 
disasters in tropical river basins. An example, the river basins in South Sulawesi Island, Indonesia, where the 
lowland areas are mostly composed of paddy fields and farmland, which are wetland environments initially 
inundated by flooding from rivers. Consequently, projecting the extent of inundation due to flooding events 
is considered important for river basin management. The aim of this study is to investigate the trigger of flood 
disaster and identify the inundation area in the Jeneberang River Basin. In the present paper, the last model 
was used for hydrodynamic simulation in the area. The flood simulation for the Jeneberang River was carried 
out using the modelling tool Nays2DFlood, which integrates 2-Dimensional plane flow. The river discharge 
was determined by a single input point and the average rainfall data from the six rainfall gauges. The results 
indicate continuous rainfall at the time, which is the main trigger for flooding in the Jeneberang River Basin. 
The heavy rainfall recorded 285 mm/day at three rainfall stations. Similarly, Jeneberang river basin areas were 
also affected by land use changes. It was noted that there has been a change in land use for residential 
development of up to 2% of the basin areas in 7 years (2012-2018) along the Jeneberang river basin. In 
addition, land use changes occurred in the upper area, which was formerly a forest area but has been turned 
into farmland due to some of the local residents' working as farmers. The simulated flood inundation detected 
the highest flood depth up to 2 meters, which inundated some areas and led to the loss of life. It is understood 
from this study that the Jeneberang River basin is susceptible to flooding. The outcome of this study provides 
an assessment of flood susceptible areas which can be used as a reference for flood risk management, 
prevention, and reduction of natural disasters in the area.
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This paper will show the specific work developed in the south of the metropolitan area of Valencia to obtain 
flood hazard maps at the appropriate scale for decision-making in territorial and urban planning, in a highly 
populated area with very significant human impacts. 
As part of the implementation of the Flood Risk Management Plan for the Jucar River Basin, TYPSA has carried 
out a review of the flood hazard maps of the Poyo and Picassent basin for the Júcar Hydrographic 
Confederation, and its main tributaries, a system that has a Mediterranean torrential regime and flows into 
the Albufera lake, a site of high ecological value, crossing very vulnerable areas due to the high population 
that resides in them and the economic importance of the uses affected.  
The methodology follows the methods and criteria set out in the Methodological Guide for the Development 
of the National Floodplain Mapping System (Ministry of the Environment and Rural and Marine Affairs, 2011). 
This methodology was adapted to the characteristics of the area and the availability of data.  
To this purpose, a detailed hydrological and hydraulic analysis was carried out, taking into account previous 
hydrological studies and the improvement of digital terrain models. 
Due to the singularity and problems of this areas, it is essential to use a distributed hydrological model that 
allows us to consider the spatio-temporal variability of rainfall, as well as to obtain hydrographs at any point 
of interest. For this purpose, the TETIS distributed hydrological model has been used. For its implementation, 
rainfall information from the SAIH-CHJ and AEMET networks (1990-2018) was used, identifying the October 
2000 event as the maximum extraordinary event, which was adopted as the calibration event. For its 
validation, a temporal validation was carried out with the rest of the identified events (smaller and with 
different duration and antecedent humidity conditions). 
After the implementation of the hydrological model, 100 synthetic storms were generated, representative of 
the possible spatio-temporal variability of precipitation in both basins. These storms were simulated with the 
hydrological model implemented, considering two antecedent humidity states (dry and wet), which made it 
possible to obtain 200 hydrographs at the points of interest.   
Finally, a statistical analysis of extremes was used to calculate the return period associated with each of the 
200 hydrographs for each point of interest. This made it possible to select the set of events representative of 
the return period to be studied for each point of interest. The different hydrographs corresponding to the 
selected sets of events were used as input data for the two-dimensional hydrodynamic modelling with HEC-
RAS, obtaining different flood hazard maps for each event. The final flood hazard maps correspond to the 
envelope of all of them 
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Bridges or hydraulic structures can increase flood risk in closer areas due to their obstruction to the flow. The 
presence of bridges can also increase large wood or debris deposition at the bridge cross-section, reducing 
the wetted area and bringing an additional water rise upstream of the structure.    
Even if the use of 2D fully dynamic models represents the most reliable approach for flood inundation studies, 
1D models are still widely used in practical applications due to the reduced computational costs. This paper 
focuses on one-dimensional flood wave propagation through hydraulic structures. Different flow regimes can 
occur at bridges, like transition through the critical state, pressure flow, and overflow. The commonly adopted 
De Saint Venant Equations (DSVE) model cannot represent all these phenomena. The authors propose to 
couple internal boundary conditions with the mass or the momentum equation of DSVE. The original model 
is verified first on an exhaustive experimental campaign performed at the LIFTEC-CSIC Laboratory of Zaragoza 
University. The efficiency of the method is finally assessed by its application on a real-world case study: a 16 
km reach of the Lambro River, a case study selected for the FLORIMAP project, Smart Flood Risk Management 
Policies, funded by the Cariplo Foundation in 2017. The proposed model reproduces every transition occurring 
in the flow regime, without the need for any calibration. 
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Damages caused by floods are all pervasive and impacts almost every corner of the world. Global loss 
attributed to floods are typically in billions of dollars (Bloschl, 2017). Floods also accounted for the highest 
percentage (45%), by virtue of occurrence, of natural disasters between 1995 and 2015 causing severe 
damages to life and property. This disastrous impact of a flooding event has been further exacerbated by 
climate change, there is a consensus among researchers about the increasing frequency of peak flows and 
rainfall events on catchment level and broader scale as a result of climate change. 
   Given all this there is a strong need for robust numerical models that can aid in decision making and be a 
crucial component in designing critical flood warning systems. Ideally, it is desired that these numerical 
models are physically based, easy to run and computationally inexpensive. These demands are often inversely 
related i.e. physically based models are often computationally expensive on the other hand easier to run 
models are hidden in layers of abstraction distancing it from the fundamentals of flow. However, the 
significant advances in desktop computing as witnessed by emergence of multi core central processing unit 
(CPU) and graphical processing unit (GPU) enabled machines, has led to more frequent application of physics-
based model for flood risk assessment on catchment and broader scale. 
 This research presents an integrated modelling approach for flood risk assessment in the Thames river basin. 
The basin under consideration drains an area of 10000 km2 encompassing both heavily urban and rural 
landscape overlaying a complex geology which is instrumented with multiple monitoring gauges providing 
long term stream flow record. Taking advantage of the widely available data in the basin under consideration, 
we first configure a fully distributed hydrological model at a coarse spatial grid resolution. The fully distributed 
hydrological model utilizes Muskingum-Cunge scheme for routing the stream flow through the catchment 
and accepts spatially distributed rainfall, temperature and potential evapotranspiration at daily time step. 
The input data is obtained from the Centre of Ecology and Hydrology datasets (Lewis et. al., 2014). The applied 
hydrological model is calibrated and validated using model performance metrics of Nash-Sutcliffe efficiency 
(NSE) and Kling Gupta efficiency (KGE). Adequately validated hydrological model is then used for 
spatiotemporal identification of peak flow events along the drainage network. These peak flow events are 
then used for higher-resolution flood inundation modelling in a reach wise fashion using two-dimensional 
hydrodynamic model JFlow based on dynamic shallow water equations. The numerical kernel of JFlow is 
based on finite volume methodology is extremely efficient and runs on GPU enabled machines. Conjunctive 
use of hydrological and hydrodynamic model helps in identifying the flood prone areas in the basin under 
consideration. 
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The increasing economic and social impact of floods demands continuous efforts to implement effective 
countermeasures risk mitigation. In particular, floods in mountain areas often threaten human life that, 
accordingly, must be considered as the most exposed asset. In spite of the importance of this issue, risk 
assessment is still often based on vulnerability functions that link the hydraulic results and the damage to the 
exposed elements through crude conceptualizations devoid of any physical basis.  
We argue that the development of physically based vulnerability functions targeted to assess human safety 
is of paramount importance for providing a reliable estimate of the expected damage. Accordingly, we 
present three approaches that we have recently proposed in the literature to compute the vulnerability of 
people, cars and masonry buildings.  All these elements are linked to human life since people can be directly 
impacted by floods or dragged away while driving. Finally, high energy flow like debris or dam break flows 
may have the potential to destroy buildings. 
A model to compute the limiting stability conditions of a person impacted by a flow was proposed by Milanesi 
et al. (2015). In this study, the human body was conceptualized as a set of cylinders, placed on a slope, 
impacted by a flow of given depth, velocity and density. The stability condition was defined by coupling 
equilibrium conditions to slipping, toppling and drowning. A similar approach was used by Milanesi and Pilotti 
(2019) to assess the stability of vehicles impacted by a flow. In this case, the geometry of the car is considered 
as a watertight squared prism at a fixed distance from the ground. The main novelty of this model, was the 
capability to estimate, from literature experimental data, a set of hydrodynamic parameters representative 
of the average stability conditions of a wide range of circulating vehicles. Finally, a physically based model to 
assess the stability of masonry buildings with load bearing walls (Milanesi et al., 2018) allowed to define the 
maximum water depth that can be supported by each wall of the building as a function its geometrical and 
structural configuration. The resulting stability curves are provided in dimensionless charts. Further, this 
model could be directly coupled with hydraulic numerical models to account for the real time removal of 
buildings during simulations. 
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Within the flood risk management paradigm, there are several measures that contribute to risk reduction 
either by reducing hazard and/or vulnerability. Classic engineering measures such as dams or dykes are the 
subject of much debate, mainly because of their impacts on the natural flow regime of aquatic ecosystems. 
On the other hand, nature-based measures have been positioning themselves as a compromise solution as 
they are multifunctional and provide a variety of ecosystem services beyond risk management. The 
disadvantage of these measures can be their implementation, especially in the case of watersheds with high 
degrees of anthropogenic alteration and high population density in risk zones. In these cases, warning and 
response systems gain special relevance, which must function very well so that, in the face of an imminent 
flood, the decisions taken are appropriate and the response is effective. In the light of the above, the aim of 
this work is to analyse, in a real case study of the Spanish Mediterranean, the effect on risk reduction of the 
consideration of a set of management measures covering three typologies: engineering measures (dams); 
nature-based solutions (forest restoration); property flood resilience or property level protection (removable 
door barriers). To this end, a comprehensive methodology for risk analysis under current conditions has been 
structured for subsequent application by introducing the above-mentioned management measures. The 
methodology introduces the use of stochastic storm modelling, hybrid distributed hydrological modelling, 
hydrodynamic modelling, and an ex-ante damage evaluation model. The results show that despite achieving 
a reduction of around 50% of the Annual Expected Damage (AED) with the use of measures that reduce the 
hazard component of risk such as dams or forest restoration, the AED remains at a high magnitude. This result 
highlights that the intervention of the hazard variable alone is not enough. When analysing the effect of 
removable door barriers (an expression of the coping capacity and resilience), the AED is reduced by around 
20%. This shows that adequate response capacity is a relatively effective complementary risk management 
measure. Finally, the proposed methodology shows great potential for application in the prioritisation of 
management measures on a sound scientific basis.
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This paper will show specificities and interesting aspects of adapting the European Directive to highly 
torrential rivers in the Mediterranean region including its impact in the territorial planning of coastal dense 
populated areas. 
The most important tool for decision support is the improvement of knowledge. In this sense, the elaboration 
of flood hazard and risk maps at the appropriate scale is the basic tool for flood risk management through the 
application of existing regulations. This is especially relevant in Mediterranean coastal areas, as the irregular 
regime of Mediterranean rivers increases the occupation of river space, with disastrous consequences for 
people, the economy and the environment. 
The process for the elaboration of this mapping is technically complex, and requires the development of 
specific studies involving a multidisciplinary team: 
- Hydrology is the starting point. Calibrated hydrological studies are not always available. It is therefore 
necessary to use robust contrasted methodologies or the elaboration of ad-hoc studies that allow their 
calibration, with the aim of obtaining the maximum flows associated with the different return periods studied. 
 - Reality evolves continuously, so the preparation of the maps must be a living process. In this sense, the 
elaboration of digital terrain models is a fundamental task. Currently, PNOA LiDAR information is used for the 
elaboration of DTMs. However, this information has to be processed and corrected through field and desk 
work, especially in densely populated areas with strong human impacts. 
 - The hydraulic models that allow the maps to be obtained are difficult to calibrate and validate. The main 
objective of hydraulic modelling is to delimit the floodplains for different return periods in the studied area. 
This will also make it possible to know the depths and velocities reached, and the preferred flow areas. When 
there are flood plains through which the overflowing flows will flow, and in addition the human impact adds 
elements that laminate or retain the flow, is necessary to perform two-dimensional hydrodynamic models. 
 - From the results of the hydraulic modelling, the flood areas, the prefered flow areas and the public hydraulic 
domain with its associated zones (police and easement) are obtained. 
The cross-referencing of the hazard maps with the different vulnerable elements in the territory makes it 
possible to obtain flood risk maps. In this way, information can be obtained on the risk to the population, to 
economic activities, to points of special importance such as schools, hospitals, etc. or to natural elements of 
environmental importance. 
Flood hazard and risk mapping is fundamental as it allows the application of current regulations for territorial 
and urban planning in flood-prone areas 
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Coastal flood events are one of the most important cause of damage and economic losses along European 
coastlines. The trend of the economic losses due to these natural hazards has been increasing since 1966 
despite cooperation between countries, production of policies at European level and efforts of the scientific 
community. Flood risk of low-lying areas will continue to increase due to the expected rise of sea level and 
changes in storm frequency due to climate change, paired with the continuous development of coastal socio-
economic activities and the increase of population. For these reasons the study and monitoring of coastal 
flood hazards and impacts is a key issue for coastal managers and entities responsible for risk management.  
Currently the few available coastal flood databases collect events at the national level (e.g. Base des donnèes 
sur les inondations, SICI). The fact that they are constructed at national level has a number of implications: 
first the research and the collection of information will be difficult by third parties when there is not familiarity 
with countries’ institutions and agencies providing the resources; second,  there in an absence of 
homogeneity in terms of “extent” and “completeness” on the datasets as they were prepared following 
different methodologies.  
 
At European level,  a few relevant efforts to prepare a common coastal flooding-impacts database (e.g. RISC-
KIT, HANZE) have been made, but they were not regularly  updated or they are not freely available. 
Considering these limitations in the current state-of-the-art,  we consider that a new European database is 
needed with a specific methodology to gather the information and that could be easily editable and 
downloadable. 
 
Here we present a new resource database containing information about pre-selected events, on the bases of 
information availability,  that generated major damage and flooding along Europe's coasts over the period 
2010-2020. This dataset is based on information collected from different resources, as news, scientific articles, 
technical reports or institutional websites, among others. The events contained in the database are associated 
with geographical locations, defining the test cases. The test cases definition allows the collection of 
information from different storms that hit the same area over the time interval. The database is publicly 
distributed as an Excel Workbook, and constitutes a comprehensive and user-friendly inventory that reports 
impact, flood characteristics, hydrodynamics (when available) and weather information related both to the 
pre-selected extreme events and test cases. A total of 11 marine events, 26 test cases, 28 sites and 207 
resources are currently available in the database but new events, sites, test cases and resources can be 
incorporated, making it a “living tool”. 
 


