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Abstract We propose an additional elaborate hydrological signature index to quan-
tify similarity (and dissimilarity) between recurring flood dynamics and between
observation and model simulation as implied by their phase space trajectories. These
phase space trajectories are reconstructed from their corresponding hydrographs (i.e.,
event time series) using Taken’s time delay embedding method. This reconstructed
phase space allows multi-dimensional relationship between observation points (i.e.,
at different time of the event) to be analyzed. Such approach considers the rela-
tionships of set of magnitude points in their unique time sequence that are relevant
to the complex temporal cascading processes in flood. In a simpler terms, the new
index considers the characteristics shape dynamics of a hydrograph and optionally
the antecedent discharge conditions that may implicitly cascade to the subsequent
rainfall-runoff event and cause an extreme or unusual hydrograph shape. This new
similarity index can be used to comprehensively assess the recurrence of extreme
event characteristics, change of flood dynamics, shift of seasonality, and as additional
metric or objective function to evaluate and calibrate hydrological and hydraulics
models.
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56.1 Introduction

The shape of flood event hydrographs can vary substantially in space (regions) and
time (seasons), depending on catchment, river and event characteristics associated
with their drivers, e.g. climate factors. For instance, short-rain floods [2]. The dynamic
of discharge magnitudes during a rainfall-runoff process would also change depend-
ing on its antecedent conditions. For instance if the presence of subsurface water
content is high due to the previous event and therefore has already saturated the soil
moisture and hydraulics capacity of the catchment, the incoming rainfall would no
longer infiltrate the ground but instead run as surface flow (see Fig. 56.1). In such
condition, the rising slope of the hydrograph would be steeper due to the flashier
nature of surface flow. The hydrograph is therefore a fingerprint of the catchment
processes involved in the rainfall-runoff event [2].

The scientific questions whether extreme events (e.g. floods) are increasing and if
their regime are changing, are often challenged by the erratic nature of the flood, as
one big event does not indicate the trend very clearly. Common data based approach
to detect flood changes is the trend analysis of flood discharge peak frequency, should
this analysis focuses on the individual station time series, ensemble of stations or
regional composite. However, flood peak is merely a single point information found
within the event hydrograph and therefore do not describe all necessary information
or signatures contained in the process footprint. There are also other hydrological
signatures that can be derived from hydrographs such as discharge volume (V), event
duration (td), time to peak (tp), recession time (tf), base flow index (BFI), or the rising
and falling limb slope of the hydrograph (AQrise and AQrise). However we think
that these signatures are not elaborate either, as each only represents a part or segment
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of the hydrograph, and importantly they are derived through statistical aggregation
where uncertainty can be high and may lead to misleading information. An example
of this is when deriving a slope index of a multi-peaks hydrograph.

In this study we investigate a more elaborate characteristics of hydrograph based
on its time sequence property as an additional hydrological signature in order to
compare and distinguish event hydrographs further. Our signature is based on the
time delay embedded phase space representation of discharge hydrographs. Instead
of using a single element index or a joint considerations of statistical aggregates of
the hydrograph signatures, it considers the entire, continuous hydrograph shape, i.e.
the time sequence and additionally its dependence on the antecedent conditions of the
flood event. It is also to note that the proposed approach is also able to compare hydro-
graphs of different durations. The compared phase space trajectories, i.e. between 2
hydrographs, would then be summarized with a similarity index using cross recur-
rence plot (CRP) and one of its quantification measure called Determinism (DET)
which will be elaborated in the methodology section.

This proposed similarity index can be used to comprehensively assess the recur-
rence of extreme event characteristics, change of flood dynamics, shift of seasonality,
and as additional metric or objective function to evaluate and calibrate hydrological
and hydraulics models [5].

56.2 Method

In our approach a phase space trajectory is reconstructed from the corresponding
hydrograph using Taken’s time delay embedding method (see Eq. 56.1). Please note
that the official term ‘reconstruct’ is used instead of ‘construct’ because the theory
claims that this embedding allows recreating the system behavior, represented by the
phase space geometry, by just using the time series of one of the system variables

[4].

—>

Xt = Qt’ Qz+r’ sy Ql+(m—l)r (56~1)
where:
Z is the reconstructed phase space trajectory of the hydrograph
0O is the discharge value at time t

T and m correspond to the required embedding parameters as time delay and
number of embedding dimension

However, we apply the embedding method in a more practical manner, such that
the reconstructed phase space trajectory allows the analysis of the multi-dimensional
relationship between discharge values in different points in time. This means that we
can implicitly consider the cascading impact of antecedent conditions of the flood,
i.e. discharge values prior to the flood peak. Figure 56.2 shows the example of such
phase space reconstruction, where 3 dimensional phase space is created to represent
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Fig. 56.2 An example of the phase space trajectory of an event hydrograph with daily sampling
frequency using 3 dimensional phase space (m = 3) and time delay (7) of 6 days. A single point
(red circle) in the phase space in this case represents the relationship of 3 discharge magnitudes of
flood peak, 6 and 12 days prior to the peak in the hydrograph

relationship of magnitude sets at 3 different time [5]. The result of this phase space
reconstruction is that the geometrical structure representing relationship of discharge
magnitudes at different time is highly non-linear and non-monotonic and therefore
should not be aggregated in any linear function like autocorrelation. Moreover, the
consideration of such relationship is important for flood analysis, as for instance,
a moderate rainfall prior to a flood may partially saturate the catchment and lead
to a high flood event peak—much higher than would be expected from the event
precipitation alone. Further, when no embedding is being applied, i.e. m = 1, the
phase space in this case represents purely the 1 dimensional shape of the hydrograph.

In our hydrograph pairwise comparison approach, two phase space trajectories
can therefore be reconstructed from two event hydrographs within the same graphs
corresponding to different flood periods (see Fig. 56.3 left). These 2 phase space
trajectories (i.e. Z and ?j) corresponding to time i and j) can therefore be directly
compared for their similarity or dissimilarity. In order to compare the two trajecto-
ries, CRP can be used to identify and visualize the time where the trajectories are
considered to be similar [3, 5]. CRP is basically 2-dimensional plot that summarizes
the similar trajectories in time of the two flood phase space (see Fig. 56.3 right). This
tool is especially useful when working on high dimensional phase space that can no
longer be directly visualized. Similar trajectories are defined based on a user-defined
phase space distance threshold (¢) and translated into cross recurrence points (CRi,j)
corresponding to the time i and j in CRP following the Eq. 56.2.

1, if ||%; —§j||2 <e¢

. (56.2)
0, otherwise

CR,"J'(E) = {
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(Wendi et al., 2019 )
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Fig.56.3 Comparing 2 phase space space trajectories corresponding to different flood events (left),
and the CRP summarized similarity (diagonal lines) corresponds to time i and j where the distances
of the two phase space trajectories are within the threshold € (right)

where Il I, is defined as Euclidian Norm.

The degree of similarity found (diagonal lines) represented in the CRP can also be
summarized using a DET index. This DET index is calculated as the ratio of relative
frequency of diagonal lines in the CRP over all the points in the plot (see Eq. 56.3).
This index ranges from O to 1 where 0 value indicates no similarity found at all, while
the value 1 indicates the full similarity (identical). This index is therefore adapted as
our hydrograph similarity index.

YL, PO

DET = i
Zi,j CRi,j

(56.3)

where
[ is diagonal line length, P (I) is the relative freq. of /

56.3 Showcase Example

To exemplify the concept of CRP and to demonstrate its differences to the widely
used tools scatter plot and cross correlation analysis, Fig. 56.4 compares two hydro-
graphs using scatter plots and CRP. One of the differences between the CRP and the
scatter plot is that the scatter plot axes represent magnitudes, while in the CRP they
represent the time of occurrence of the two series. When two identical time series
are compared, CRP shows a single diagonal line (45° angle) that divides the CRP
matrix symmetrically (Fig. 56.4.1c, green line). Further, it is worth to note that the
high-dimensional embedding results in embedding loss with a size of (m — 1)t.
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Fig. 56.4 Comparison of two discharge time series (a), with scatter plot and correlation coefficient
R (b), and CRP and DET (c). Example (1) compares two identical hydrographs with a shift in
their timing, example (2) compares a hydrograph with a randomly shuffled version of the same
hydrograph, and example (3) compares two different runoff dynamics where Qb results from a
storage-based Muskingum transformation of Qa representing an increased storage capacity in the
catchment. The embedding losses are shaded in red. This figure is extracted from Wendi et al. [5]

The first example shows the CRP comparing two identical hydrographs Qa and
Qb which occur at different times, i.e. Qb is shifted by 17 time units (Fig. 56.4.1a).
Despite the time shift, the CRP still indicates the similarity of the two time series as
indicated by the diagonal line and DET value of 1. In addition, it shows where the
time shift has occurred. This similarity cannot be derived from the scatter plot without
knowing the time shift in advance. Hence, the scatter plot and correlation analysis
(Pearson correlation coefficient R = 0.17) could lead to the wrong conclusion that
there is no similarity between Qa and Qb. The CRP approach is useful for detecting
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recurring runoff dynamics, possibly related to the same causative mechanism, which
do not necessarily happen at the same season. It should also be noted that the CRP is
useful for comparing hydrographs regardless of their, possibly dissimilar, duration.

The second example compares Qa with a random system dynamics where Qb
is a randomly shuffled time sequence of Qa (Fig. 56.4.2a—c). In this case, the CRP
does not show any diagonal lines and hence a DET value of 0. Similarly, the scatter
plot does not indicate a relationship, but it should be cautioned that the correlation
analysis suggests a substantial anti-correlation (Pearson correlation coefficient R =
—0.28).

The third example (Fig. 56.4.3a—c) compares two hydrographs with different
runoff dynamics where Qb represents an increased storage capacity in the catchment
that dampens the flow. This could result from a perturbation to the catchment such as
dam construction. Qb is obtained by a storage-based Muskingum transformation that
is commonly used for flow routing in hydrological modelling [1]. The parameters
of the Muskingum transformation are set as: storage constant K = 15 time units;
weighting factor x = 0.01. Due to the different runoff dynamics, the resulting CRP
shows a rather high dissimilarity in contrast to the substantial correlation coefficient
R ~0.4. Although this CRP contains an inclined line, this line is rather broken and
not tilted with 45° and therefore summarized with low DET value of 0.17 that does
not indicate similarity.

56.4 Conclusions

In this study we propose a novel and elaborate hydrograph similarity measure con-
sidering their runoff dynamics. Each event runoff dynamics is characterized by its
time delay embedded phase space trajectories. Since the phase space vector is recon-
structed from discharge series using time delay embedding, each point of the phase
space trajectory contains the relation of several points in time within the event, includ-
ing for example, the initial conditions caused by antecedent rainfall. The phase space
vectors of two events are then analyzed for their similarity using Cross Recurrence
Plots (CRP) and evaluated using one of the Recurrence Quantification Analysis
measures called Determinism (DET).

The closest concept to this similarity assessment using CRP and DET is a scatter
plot between two time series and its correlation coefficient. The comparison between
these two concepts demonstrates the benefit of the proposed method. In contrast
to scatter plots and correlation analysis, the CRP-based method allows comparing
time series of different duration, and it detects similar or identical signals that are
shifted in time. The most important benefit stems, however, from the fundamentally
different approach of the CRP-based method to quantify similarity based on the
multi-dimensional relation of different points in time within an event.

To our knowledge, this is the first application of (Cross) Recurrence Plots and
Recurrence Quantification Analysis in hydrology. We believe that these methods
have a large application potential in hydrology. These methods could be used to
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comprehensively compare event hydrographs over time and space, and also calibrate
and validate hydrological and hydrodynamic simulation models, by applying them
as measure to quantify the agreement between simulation results and observations.

Acknowledgements This research was carried out within the Research Training Group “Natural
Hazards and Risks in a Changing World” (NatRiskChange; GRK 2043/1) funded by the Deutsche
Forschungsgemeinschaft (DFG) and additionally Helmholtz “Digital Earth” project initiative.

References

1. Hattermann FF, Huang S, Burghoff O, Willems W, Osterle H, Biichner M, Kundzewicz Z (2014)
Modelling flood damages under climate change conditions — a case study for Germany. Nat
Hazards Earth Syst Sci 14:3151-3169. https://doi.org/10.5194/nhess-14-3151-2014

2. Merz R, Bloschl G (2003) A process typology of regional floods. Water Resour Res 39(12).
https://doi.org/10.1029/2002WR001952

3. Marwan N, Thiel M, Nowaczyk NR (2002) Cross recurrence plot based synchronization of time
series. Nonlinear Process Geophys 9(3/4):325-331. https://doi.org/10.5194/npg-9-325-2002

4. Takens F (1981) Detecting strange attractors in turbulence. In: Dynamical systems and turbu-
lence, Warwick 1980. Lecture notes in mathematics, vol 898, pp 366-381. Springer-Verlag.
ISBN 978-3-540-11171-9. https://doi.org/10.1007/BFb0091924

5. Wendi D, Merz B, Marwan N (2019) Assessing hydrograph similarity and rare runoff dynamics
by cross recurrence plots. Water Resour Res 55:4704-4726


https://doi.org/10.5194/nhess-14-3151-2014
https://doi.org/10.1029/2002WR001952
https://doi.org/10.5194/npg-9-325-2002
https://doi.org/10.1007/BFb0091924

	Preface
	Contents
	Decision Support Systems and Crisis Management
	1 Which Models for Decision Support Systems? Proposal for a Methodology
	1.1 Introduction
	1.2 Context, Needs and Methodology
	1.2.1 Towards Smart Cities and Smart Water
	1.2.2 Towards the Water Information System
	1.2.3 Methodology for Models Selection

	1.3 Aquavar Approach
	1.3.1 Nice and Var Catchment Context
	1.3.2 Global Architecture
	1.3.3 Implementation of Models
	1.3.4 AquaVar Orchestration

	1.4 Conclusions
	References

	2 Aquavar: Decision Support System for Surface and Groundwater Management at the Catchment Scale
	2.1 Introduction
	2.2 Context of Var Catchment
	2.3 Aquavar DSS
	2.4 Results
	2.5 Conclusion
	References

	3 Anywhere: Enhancing Emergency Management and Response to Extreme Weather and Climate Events
	3.1 Introduction
	3.2 Anywhere: Process, Pilot Sites and Overview
	3.2.1 Selected Approach

	3.3 Anywhere Outcomes and Products
	3.3.1 Pilots Success Stories
	3.3.2 Catalogue and Way Forward

	3.4 Conclusions
	References

	4 Use of Anywhere Products to Assess Risky Events on Southern France and Corsica (October 2018)
	4.1 Introduction
	4.2 Flood Risk in Mediterranean France
	4.3 October 2018 Events in Southern France
	4.3.1 Floods in Corse Du Sud Department (October 10th)
	4.3.2 Floods in the Var Department (October 10th and 11th)
	4.3.3 Floods in Aude Department (October 14th to 16th)
	4.3.4 Floods in Haute Corse Department (October 16th and 17th)

	4.4 Conclusions
	References

	5 Decision-Making Support System for Crisis Operations and Logistics Aspects in Extreme Weather-Induced Events
	5.1 Introduction
	5.2 Problem Statement
	5.2.1 Weather Impacts

	5.3 Solution Identification and Development
	5.3.1 Management of Actions and Emergency Procedures
	5.3.2 Traffic Simulation of Weather-Based Transportation Scenarios

	5.4 Conclusions
	References

	6 Operational Resilience Index Computation Tool as a Decision Support System Integrated in Eu Risks Management Platforms—Test on Biguglia Catchment, a Mediterranean Intense Precipitations Regime Prone Area
	6.1 Introduction
	6.2 Concept of Operational Resilience Assessment
	6.3 Technical Implementation
	6.4 Practical Implementation and Guide Line
	6.5 Application: Example of Biguglia Catchment
	6.5.1 Biguglia Catchment, Flood Scenario and Hydraulic Model
	6.5.2 Technical and Qualitative Results Through Users Feed Back

	6.6 Conclusion
	References

	7 Realtime High Resolution Flood Hazard Mapping in Small Catchments
	7.1 Introduction
	7.2 System Framework
	7.2.1 Hydraulic Modelling
	7.2.2 Scenario Definition
	7.2.3 Realtime Prediction Scenario

	7.3 Test of the Procedure
	7.4 Back Analysis of Chiavari Flood of November 13th, 2014
	7.5 Conclusions
	References

	8 Visualization of Flood Simulation with Microsoft HoloLens
	8.1 Introduction
	8.2 VR and BIM
	8.3 Model Preprocessing
	8.4 Interaction
	8.5 Results and Discussion
	8.6 Conclusion
	References

	9 Anycare: A Serious Game to Evaluate the Potential of Impact-Based and Crowdsourced Information on Crisis Decision-Making
	9.1 Introduction
	9.2 Role-Playing Gaming Methodology: Designing Anycare
	9.2.1 General Concept and Hypotheses
	9.2.2 Experiment Set up

	9.3 Game Testing: European and French Experiments
	9.4 Game Results
	9.4.1 ANYWHERE Products Increase the Level of Confidence in the Chosen Decisions
	9.4.2 Is ANYCaRE Useful?

	9.5 Discussion and Conclusion
	References

	10 From Catstrophe to Resilience
	10.1 Introduction
	10.2 Disaster Risk Management
	10.3 Resilience Framework
	10.3.1 Flood Resilience Assessment
	10.3.2 Flood Resilience Index (FRI)

	10.4 Examples
	10.5 Conclusions
	References

	11 Marine Dispersion Modelling and Expertise Tools for Accidental Radiological Contamination of French Coasts
	11.1 Introduction
	11.2 STERNE
	11.2.1 Inputs
	11.2.2 Radionuclide Dispersion Calculation
	11.2.3 Transfer to Biota Calculation
	11.2.4 Outputs

	11.3 Local Descriptions
	11.4 Conclusions
	References

	12 A Study on Water Crisis Management Techniques by Fallout in Case of Radiation Accident Using Environmental Multimedia and Air Transport Diffusion Model
	12.1 Introduction
	12.2 Materials and Methods
	12.2.1 Study Area
	12.2.2 Model
	12.2.3 Deposition Scenario by Radioactive Fallout
	12.2.4 Analysis of Water Crisis Management by Radioactive Fallout Effect

	12.3 Results and Discussions
	12.3.1 Transfer of Radioactive Materials Through Atmospheric Diffusion
	12.3.2 Impact Analysis of Radioactive Material Fallout
	12.3.3 Water Crisis Management Through Mass Balance Analysis

	12.4 Conclusions
	References

	13 Challenges in Defining Alarm Thresholds to Improve Crisis Management Procedures: A Case Study on the French Riviera
	13.1 Introduction
	13.2 The French Riviera Characteristics
	13.3 Available Tools
	13.3.1 Hydrometeorological and Hydraulic Tools to Provide Forecast and Support

	13.4 An Approach to Improve Alert Thresholds
	13.4.1 Hydrological Modelling to Generate Scenarios
	13.4.2 Hydraulic Modelling to Determine Alert Thresholds

	13.5 Conclusion
	References

	14 Integrations of an Early Warning System and Business Continuity Plan for Disaster Management in a Science Park
	14.1 Introduction
	14.2 Business Continuity Plan
	14.3 Study Area
	14.4 Methodology and Application
	14.4.1 Smart Water System
	14.4.2 Business Continuity Plan and the Database
	14.4.3 Decision Support System
	14.4.4 Application

	14.5 Conclusion
	References

	15 Natural Hazard Crisis Management Exercice at Metropolitis Scale: Methodolgy for Holistic Involvement of Municipalities
	15.1 Introduction
	15.2 Genesis of the Exercise and Network of Participants
	15.3 Implementation of the Exercise
	15.3.1 Validation of the Partnership Principle
	15.3.2 Roles’ Distribution
	15.3.3 Preparation for the Exercise
	15.3.4 Observation and Assessment Procedure
	15.3.5 Scripts Used for the Exercise

	15.4 Achievement on Exercice Day
	15.5 Lessons Learn
	15.5.1 Hot ROE
	15.5.2 Cold ROE

	15.6 Analysis and Perspectives
	References

	16 Check Dam Behavior Under Extreme Circumstances at Villeneuve (Switzerland)
	16.1 Introduction
	16.2 Hydrology
	16.3 Sediment Transport
	16.3.1 Historical Events
	16.3.2 Sediment Transport Capacity
	16.3.3 Debris Flow Capacity
	16.3.4 Available Solid Material
	16.3.5 Plancudrey
	16.3.6 Summary of Sediment Yield

	16.4 Check Dam Mitigation Measures
	16.4.1 Location of Check Dams
	16.4.2 2061 Dam
	16.4.3 1977 Dam
	16.4.4 1000 Dam
	16.4.5 Hazard Map

	16.5 The July 2013 Debris Flow
	16.6 The July 2014 Flood Event
	16.7 Conclusions
	References

	17 Development of the Similar Typhoon Search System Based on the Deep Neural Network Using Deep Learning
	17.1 Introduction
	17.2 Operational Problems of the Similar Typhoon Search System
	17.3 Development of DNN Models Using Deep Learning
	17.3.1 Overview of DNN
	17.3.2 Learning Method of the Neural Network
	17.3.3 Development of a Learning Model Using DNN

	17.4 Extension of Database
	17.5 Improvement of Search Performance Using Dnn Models
	17.5.1 Verification of Similar Typhoon Search Performance
	17.5.2 Verification of Search Performance for Similar Typhoons

	17.6 Development and Operation of Similar Typhoon Search System
	17.6.1 Development of a System that Considers Preliminary Disaster Prevention Actions, According to the Timeline
	17.6.2 Development of Function to Support Flood-Fighting Frameworks
	17.6.3 Utilization of the System During Timeline Cooperated Meetings

	17.7 Conclusion
	References

	18 An Innovative DEM Improvement Technique for Highly Dense Urban Cities
	18.1 Introduction
	18.2 Methodology
	18.2.1 Data Pre-processing
	18.2.2 Artificial Neural Network Setup

	18.3 Results and Discussion
	18.4 Conclusions
	References

	19 An Integrated Approach to Water Resources and Investment Planning for Water Utilities
	19.1 Introduction
	19.2 Methodology
	19.2.1 Introduction
	19.2.2 Water Resources Model
	19.2.3 Investment Model and Optimisation Tool

	19.3 Case Study
	19.3.1 Introduction
	19.3.2 Water Resources Model
	19.3.3 Supply Scenarios
	19.3.4 Demand Scenarios
	19.3.5 Intervention Strategies
	19.3.6 Optimisation Tool
	19.3.7 Scenario Testing

	19.4 Results
	19.5 Conclusions and Further Work
	References

	20 Model Improvement for Effect Evaluation of Low Impact Development Measures
	20.1 Introduction
	20.2 Model Improvement
	20.2.1 Hydrological Model
	20.2.2 Simulation of LID Measures

	20.3 Model Application
	20.3.1 Simulation of Typical Historical Flood
	20.3.2 Simulation of Different Scale of LID Measures

	20.4 Conclusion
	References

	21 Multiple Feedback Linkage in the Process of Urban River Water Treatment
	21.1 Introduction
	21.2 Expert Assistant Decision-Making Analysis System Based on Urban River Water Treatment
	21.2.1 System Framework Analysis
	21.2.2 System Function Design

	21.3 Construction of Multiple Feedback Linkage System
	21.3.1 Sluice Pump Linkage Control
	21.3.2 Water Quality Equipment Linkage Control
	21.3.3 In-Situ Repair System Linkage Control

	21.4 Conclusion
	References


	Flood Forecasting (21)
	22 Real-Time Flood Management and Preparedness: Lessons from Floods Across the Western Japan in 2018
	22.1 Introduction
	22.2 Overview of the Heavy Rainfall Disaster
	22.3 Oda River Case
	22.3.1 Procedure of the Flood
	22.3.2 Flood Response Regarding Evacuation

	22.4 Hiji River Case
	22.4.1 Procedure of the Flood
	22.4.2 Flood Response
	22.4.3 Reservoir Operation

	22.5 Discussions
	22.5.1 Flood Management Plan
	22.5.2 Reservoir Operation

	22.6 Conclusions
	References

	23 Flood Forecasting in Alpine Regions Using a Multi-model Approach: Operational Performance and Experiences After Two Years of Experience
	23.1 Introduction
	23.2 Methodology
	23.2.1 Hydro-Meteorological Cascade
	23.2.2 Hydrological Modelling
	23.2.3 Operational Forecasting

	23.3 Description of the Leysse Basin
	23.4 Comparison of Multiple Forecasting Models
	23.4.1 Definition of the Performance Indicators
	23.4.2 Performance of the 24 h Forecast

	23.5 Analysis of the January 2018 Flood Event
	23.5.1 Description of the General Situation
	23.5.2 Analysis

	23.6 Conclusion
	References

	24 Application of an Ensemble Kalman Filter to A Semi-distributed Hydrological Flood Forecasting System in Alpine Catchments
	24.1 Introduction
	24.2 Materials and Methods
	24.2.1 Watersheds and Data
	24.2.2 GSM-SOCONT Model
	24.2.3 Data Assimilation Techniques

	24.3 Experimental Set-Up
	24.3.1 Uncertainties in Input and Output
	24.3.2 Performance Evaluation
	24.3.3 Code Implementation

	24.4 Results and Discussion
	24.5 Conclusions
	References

	25 Real-Time Inundation Mapping with a 2D Hydraulic Modelling Tool Based on Adaptive Grid Refinement: The Case of the October 2015 French Riviera Flood
	25.1 Introduction
	25.2 Materials and Methods
	25.2.1 The Brague River Watershed
	25.2.2 Datasets Used
	25.2.3 Basilisk Software
	25.2.4 Soil Conservation Service - Curve Number (SCS-CN)
	25.2.5 Simulation Setup

	25.3 Results
	25.3.1 Inundation Extent
	25.3.2 Simulated Hydrographs

	25.4 Conclusions
	References

	26 Early Warning System for Flood Warning in Campings
	26.1 Introduction
	26.2 Case of Study
	26.3 Methodology
	26.4 Results and Discussions
	26.5 Conclusions
	References

	27 An Automated Anomaly Detection Procedure for Hourly Observed Precipitation in Near-Real Time Application
	27.1 Introduction
	27.2 Automated Anomaly Detection Procedure
	27.2.1 Neighboring Stations Selection
	27.2.2 Spatial Consistency Checking

	27.3 Pilot Test
	References

	28 Storm Water Management Model Parameter Optimization in Urban Watershed Using Sewer Level Data
	28.1 Introduction
	28.2 Methodology
	28.2.1 Performance Measures
	28.2.2 Model Overview
	28.2.3 Study Network
	28.2.4 Input Data

	28.3 Application Results
	28.3.1 Model Calibration
	28.3.2 Model Verification

	28.4 Conclusions
	References

	29 From Meteorological Forecasting to Floodplain Forecasting for the Protection of Populations in Urban and Peri-Urban Areas
	29.1 Introduction
	29.2 Two Case Studies with Common Methodology but Different Flood Risk Informations
	29.2.1 Context
	29.2.2 Methodology
	29.2.3 Flood Risk Informations

	29.3 Uncertainties and Prospects
	29.4 Conclusion

	30 Feedbacks on the Deployment of and Experimental Real-Time Flood Forecasting and Crisis Management System
	30.1 Introduction
	30.2 Composition of the system
	30.2.1 A Database to Manage the Data Streams
	30.2.2 The Hydrological and Hydraulic Model
	30.2.3 Automation and Operational Data
	30.2.4 User Interfaces

	30.3 Pilot sector
	30.3.1 Study Area
	30.3.2 Data Streams
	30.3.3 Hydrological and Hydraulic Models
	30.3.4 Runs Scheduling
	30.3.5 Results and Alerts Processing
	30.3.6 Scenarios
	30.3.7 Results

	30.4 Conclusion
	References

	31 Application of Recurrent Neural Network for Inflow Prediction into Multi-purpose Dam Basin
	31.1 Introduction
	31.2 Background
	31.2.1 Basic Theory
	31.2.2 Recurrent Neural Network

	31.3 Application
	31.4 Analysis Methods
	31.5 Application and Results
	31.5.1 Predictive Performance
	31.5.2 Comparison of Daily Inflow Prediction
	31.5.3 Influence of Hidden Layer Configuration

	31.6 Conclusions
	References

	32 Pre-release Strategy for Flood Control in the Multi-reservoir and Rivers System
	32.1 Introduction
	32.2 Pre-release Strategy
	32.3 Case Study: Vu Gia Thu Bon Reservoirs System
	32.3.1 Multi-reservoir in Vu Gia Thu Bon Catchment
	32.3.2 Reservoirs Operation Rules

	32.4 Application Scenarios
	32.5 Results and Discussion
	References

	33 Optimization of Spillway Operation for Flood Mitigation in Multi-reservoirs River System
	33.1 Introduction
	33.2 Methodology
	33.2.1 Simulation Method
	33.2.2 Optimization Model

	33.3 Case Study: Vu Gia Thu Bon Reservoirs System
	33.3.1 Multi-reservoir in Vu Gia Thu Bon Catchment
	33.3.2 Objective Function

	33.4 Application and Results
	References

	34 Flood Forecast Tool to Help Dam Management from France to Thailand
	34.1 Introduction
	34.2 Real-Time Management: Study of Haute Vilaine Dams
	34.2.1 Context
	34.2.2 Implementation of the Real-Time System
	34.2.3 Study of a Real Event December 2017—January 2018

	34.3 From Real-Time Management to Real Time Optimization: Study of Dam Management in Thailand – ESAN Case Study
	34.4 Conclusions
	References

	35 Early-Warning System for Cyclone-Induced Wave Overtopping Aided by a Suite of Random Forest Approaches
	35.1 Introduction
	35.2 Case Study
	35.2.1 Context
	35.2.2 Synthetic Cyclone Database

	35.3 Statistical Methods
	35.3.1 Overall Procedure
	35.3.2 Random-Forest Method
	35.3.3 Validation Procedure

	35.4 Application
	35.4.1 Indicator I1: Occurrence of Overtopping Event
	35.4.2 Indicator I2: Maximum Cumulative Volume Induced by the Overtopping Event
	35.4.3 Indicator I3: Starting Time of the Overtopping Event

	35.5 Conclusions
	References

	36 Water Level Short-Term Forecasting Using Statistical Approaches: A Case Study on the Parisian Region
	36.1 Introduction
	36.2 Water Level Monitoring
	36.3 Ensemble Modeling for Level Forecasting
	36.3.1 Adding Spatial Prior Knowledge
	36.3.2 A Gradient Boosting Approach
	36.3.3 A Sequential Methodology

	36.4 Experimentations
	36.5 Conclusions
	References

	37 Uncertainty Propagation in Telemac 2D Dam Failures Modelling and Downstream Hazard Potential Assessment
	37.1 Introduction
	37.2 Methodology
	37.2.1 Hydraulic Telemac 2D Model
	37.2.2 Quantification of Uncertain Parameters
	37.2.3 Sensitivity Analysis and Uncertainty Propagation
	37.2.4 Dam Break Scenarios
	37.2.5 Implementation Using the APIs and the Clusters

	37.3 Results
	37.3.1 Morris Screening Method Results
	37.3.2 Uncertainty Propagation and Sensitivity Analysis

	37.4 Perspectives and Limitations
	37.5 Conclusions
	References

	38 Defining Uncertainty for a Simplified Method Dedicated to the Mapping of Extreme Floods
	38.1 Introduction
	38.2 The Additional Depths Method
	38.2.1 Description of the Method
	38.2.2 Description of the Tool

	38.3 The Case Studies
	38.3.1 The Rhône Case
	38.3.2 The Gardons Case

	38.4 Discussion About Uncertainty Assessment
	38.4.1 Previous Results
	38.4.2 Uncertainty for the Rhône Case
	38.4.3 Uncertainty for the Gardons Case

	38.5 Conclusions
	References

	39 Experimental and Numerical Modelling of the Influence of Street-Block Flow Exchanges During Urban Floods
	39.1 Introduction
	39.2 Experimental Set-Up and Measurements
	39.2.1 Straight Street Flanked by Two Lateral Cavities
	39.2.2 Straight Street Flanked by One Side Opening

	39.3 2D Model
	39.4 Results
	39.4.1 Street Flanked by Two Lateral Cavities
	39.4.2 Street Flanked by One Side Opening

	39.5 Conclusions
	References

	40 Width Parameter Analysis on Runoff Model for Storm Water Drainage System
	40.1 Introduction
	40.2 Width Calculation
	40.3 Subcatchment Size Analysis
	40.4 Subcatchment Width Equivalence Analysis
	40.5 Cases Studies
	40.6 Conclusions
	References

	41 Potential Application of LID Techniques to Reduce Urban Flooding in Different Rainfall Pattern, Case Study for Quy Nhon, Vietnam
	41.1 Introduction
	41.2 Methodology
	41.2.1 Case Study
	41.2.2 Low Impact Development Technology
	41.2.3 Simulating Rainfall
	41.2.4 Urban Drainage Model

	41.3 Result and Discussion
	41.3.1 Effective of LID Techniques
	41.3.2 Effect of Different Rainfalls
	41.3.3 Discussion

	41.4 Conclusions
	References


	Methods and Models for Hydrology and Climate Change (20)
	42 Possible Roles of Artificial Neural Networks in Hydraulic and Hydrological Models
	42.1 Introduction
	42.2 River Stage Forecasting
	42.3 Tsunami Forecasting
	42.4 DEM Improvement
	42.5 Summary and Conclusion
	References

	43 Multi-model Approach for Reducing Uncertainties in Rainfall-Runoff Models
	43.1 Introduction
	43.2 Study Area, Data and Models
	43.2.1 Study Area
	43.2.2 Meteorological and Hydrological Datasets
	43.2.3 Hydrological Models

	43.3 Combination Methods
	43.3.1 Weighted Average Method
	43.3.2 Neural Network Method
	43.3.3 Genetic Algorithm Method

	43.4 Results
	43.4.1 WA Results
	43.4.2 NN Results
	43.4.3 GA Results
	43.4.4 Overall Comparison

	43.5 Conclusion
	References

	44 Rainfall-Runoff Modeling to Investigate Flash Floods and Mitigation Measures in the Wadi Bili Catchment, Egypt
	44.1 Introduction
	44.2 Material and Methods
	44.3 Study Area
	44.4 Results and Discussion
	44.4.1 Preprocessing and Model Set-Up
	44.4.2 Runoff Hydrographs for Different Scenarios
	44.4.3 Results of 2D Shallow Water Model for Selected Scenarios

	44.5 Conclusions
	References

	45 Flood Risk Assessment in the Tra Bong River Catchment, Vietnam
	45.1 Introduction
	45.2 Study Area
	45.3 Material and Methodology
	45.3.1 Material
	45.3.2 Methodology

	45.4 Results and Discussions
	45.4.1 Flooding Simulation
	45.4.2 Flood Risk Assessment

	45.5 Conclusions and Recommendations
	References

	46 Innovative Solutions for Climate-Resilient Flood Management in the Poorer and Vulnerable Province of Leyte, The Philippines
	46.1 Introduction
	46.2 The Status of Climate Change and Disasters in the Philippines
	46.3 Case Study: The Province of Leyte After Typhoon Haiyan in 2013
	46.4 Development of Frameworks and Guidelines
	46.4.1 Legal Mandates and Enabling Policy Environment on Land Use Planning
	46.4.2 Other Related Laws and Policies

	46.5 Flood Management: The Climate Change Adaptation Approach
	References

	47 Modelling Strategy of Deterministic Distributed Hydrological Model Development at Catchment Scale
	47.1 Introduction
	47.2 Var Catchment
	47.3 Method and Materials
	47.4 Sensitivity Analysis
	47.5 Results and Discussion
	47.6 Conclusion
	References

	48 Application of Satellite Remote Sensing Technology in River Monitoring and Governance
	48.1 Satellite Remote Sensing Technology and Development
	48.1.1 Satellite Remote Sensing Service System
	48.1.2 Development Status of Satellite Remote Sensing
	48.1.3 Development Trend of Satellite Remote Sensing
	48.1.4 Application of Satellite Remote Sensing Technology in Domestic Water Conservancy Industry

	48.2 Development of High Resolution Satellite Remote Sensing Image Analysis
	48.2.1 Object-Oriented High Resolution Remote Sensing Image Data Analysis
	48.2.2 Main Analytical Methods
	48.2.3 Application of Achievements

	48.3 Conclusion
	References

	49 The Uncertainty in Spatial Rainfall Distribution––A Case Study for Binh Dinh Province, Vietnam
	49.1 Introduction, First Headings
	49.2 Study Area
	49.3 Methodology
	49.4 Results and Discussion
	49.5 Conclusion
	References

	50 Assessing Future Water Availability Under a Changing Climate in Kabul Basin
	50.1 Introduction
	50.2 Methods
	50.2.1 Study Area
	50.2.2 Data Availability
	50.2.3 SWAT Hydrological Model
	50.2.4 Downscaling of Climate Data

	50.3 Results
	50.3.1 Future Projections of Precipitation and Temperature
	50.3.2 Calibration and Validation of the SWAT Hydrological Model
	50.3.3 Future Changes of Water Availability

	50.4 Conclusions
	References

	51 A Modeling Approach for Critical Source Areas Identification and Sources Apportionment for Nitrogen Load in Yuan River Catchment, China
	51.1 Introduction
	51.2 Yuan River Catchment
	51.2.1 Catchment Overview
	51.2.2 Available Catchment Data

	51.3 Modelling Approach
	51.3.1 Model Type Selection
	51.3.2 Model Set-up and Calibration
	51.3.3 Model Uncertainty

	51.4 Model Application
	51.4.1 Critical Source Areas Identification
	51.4.2 The Apportionment of Nitrogen Sources

	51.5 Summary and Conclusion
	References

	52 Coupling Methods for Urban Areas Large Scale Hydraulic Modelling
	52.1 Context and Objectives
	52.2 HYDRA Software Presentation
	52.3 Domains Coupling in Hydraulic Urban Modelling
	52.3.1 Principles
	52.3.2 Application to the Great Paris Central Zone

	52.4 Practical Implications
	52.5 Conclusions

	53 Urban Lakes: From Lack of Regard to Smart Deal?
	53.1 Introduction
	53.2 Background and Issues: From Quarries to Urban Lakes
	53.3 Methodology
	53.3.1 From a Geological Model to a 3D GIS
	53.3.2 Hydrodynamic Finite Element Modelling

	53.4 Results
	53.5 Discussion
	53.6 Conclusion
	References

	54 Reconstruction of Hydraulic Data by Machine Learning
	54.1 Introduction
	54.2 Material: Numerical Solver and Learning Data
	54.2.1 The Hydraulic Numerical Solver for the 1D SWE
	54.2.2 Training and Testing Datasets

	54.3 Machine Learning Methodology
	54.3.1 Learning Strategy
	54.3.2 Learning Algorithms

	54.4 Results
	54.5 Conclusions and Perspectives
	References

	55 Assessment of the Impact of Changes in Storm Rainfall and Landscape Characteristics on the Maximum Flow of Small Rivers
	55.1 Introduction
	55.2 Materials and Methods
	55.2.1 Evaluation for Change of the Year Maximums of Daily Precipitation
	55.2.2 Evaluation for Change of the Catchment Landscape
	55.2.3 Evaluation for Change of the Maximum Water Discharge

	55.3 Conclusions
	References

	56 Novel Quantification Method for Hydrograph Similarity
	56.1 Introduction
	56.2 Method
	56.3 Showcase Example
	56.4 Conclusions
	References

	57 New Tools to Assess the Suitability of Physical Habitat (SPH) and the Weighted Usable Area (WUA) for Fishes
	57.1 Introduction
	57.2 Numerical Model
	57.3 Iber as a Habitat Model
	57.3.1 Pre-process Tools
	57.3.2 Calculation Options
	57.3.3 Post-process Tools

	57.4 Applications
	57.5 Conclusions
	References

	58 Coastline Change Assessment for Quang Ngai Province Using Landsat Image
	58.1 Introduction
	58.2 Methodology
	58.3 Results and Discussion
	58.3.1 Tra Khuc River Mouth
	58.3.2 Song Ve River Mouth
	58.3.3 Tra Bong River Mouth
	58.3.4 Tra Cau River Mouth

	58.4 Conclusion
	References

	59 20 Years of Coastal Events Modelling
	59.1 Introduction
	59.2 Hazard Characterization
	59.3 Submersion Above Embankments and Dykes
	59.4 Tsunamis Modelling
	59.5 Conclusion
	References

	60 Modelling NH4+ Dispersion from Wastewater of Urban Drainage to the Coastal Area of Danang City, Vietnam
	60.1 Introduction
	60.2 Study Area and Methodology
	60.3 Modelling
	60.3.1 Hydrodynamic Model
	60.3.2 Numerical Modelling Approach

	60.4 Results and Discussions
	60.4.1 Hydrodynamic Model
	60.4.2 Model Validation
	60.4.3 Analysis the Effect of NH4+ to the Coastal Water Quality

	60.5 Conclusions
	References and Citations

	61 Uncertainty Quantification of Bathymetric Effects in a Two-Layer Shallow Water Model: Case of the Gibraltar Strait
	61.1 Introduction
	61.2 Modelling Flow Exchange in the Strait of Gibraltar
	61.3 Uncertainty Quantification
	61.3.1 Polynomial Chaos Expansion
	61.3.2 Karhunen-Loève Decomposition
	61.3.3 POD-PCE Method

	61.4 Numerical Results
	61.5 Conclusions
	References


	High Performance Computing and Complex Hydraulics Applications
	62 Vortex Siphon – From 1:1 Scale Physical Model to SPH Simulation and Prototype
	62.1 Introduction
	62.1.1 Physical Model

	62.2 SPH Presentation
	62.2.1 Mathematical Model

	62.3 Model
	62.3.1 Simulation Set-Up

	62.4 Results and Discussion
	62.4.1 Flow Behavior
	62.4.2 Comparison with Experimental
	62.4.3 Further Improvements

	62.5 Conclusions
	References

	63 Hydrodynamics of an Innovative Discontinuous Double Breakwater, Mixed Modeling: 2D Flume Physics and 3D Digital Modelling
	63.1 Introduction
	63.2 Methodology and Means
	63.2.1 Method
	63.2.2 Configuration of Structures, Wave Conditions and Sea Bottom Characteristics
	63.2.3 Physical Modelling
	63.2.4 Numerical Modeling

	63.3 Results
	63.3.1 Experiment vs Numerical Model
	63.3.2 Harnessing Model Capabilities

	63.4 Conclusions
	Reference

	64 Simulating the Hydrodynamics of Sewer-Inlets Using a 2D-SWE Based Model
	64.1 Introduction
	64.2 Physical Model
	64.3 Numerical Model
	64.3.1 2D-SWE Hydraulic-Hydrologic Models
	64.3.2 Qin – Infiltration Similarity
	64.3.3 Numerical Solvers
	64.3.4 Model Set-up

	64.4 Results
	64.4.1 Intercepted Discharge
	64.4.2 Hydrodynamic Patterns
	64.4.3 Computational Time

	64.5 Conclusions
	References

	65 Modelling of Surcharge Flow Through Grated Inlet
	65.1 Introduction
	65.1.1 Discharge Coefficient

	65.2 Methodology
	65.2.1 Mathematical Model of Flow 3D

	65.3 Results and Discussion
	65.4 Conclusions
	References

	66 A Predictive Data-Driven Approach Based on Reduced Order Models for the Morphodynamic Study of a Coastal Water Intake
	66.1 Introduction
	66.2 The Study Case: A Water Intake in a Coastal Area
	66.2.1 Industrial Context
	66.2.2 Intake Characteristics and Related Coastal Processes
	66.2.3 Survey Data
	66.2.4 Data Processing

	66.3 Methodology
	66.3.1 Proper Orthogonal Decomposition (POD)
	66.3.2 Polynomial Chaos Expansion (PCE)
	66.3.3 POD-PCE Coupling for a Data-Driven Predictor

	66.4 Results
	66.4.1 Morphodynamical Patterns
	66.4.2 Data-Based Forecasting

	66.5 Conclusions
	References

	67 Hybrid-Parallel Simulations and Visualisations of Real Flood and Tsunami Events Using Unstructured Meshes on High-Performance Cluster Systems
	67.1 Introduction
	67.2 Mathematical Formulations
	67.3 Overview of Data Structures
	67.3.1 Mesh Generation
	67.3.2 Fundamentals and Concept of Parallelisation

	67.4 Test Cases
	67.4.1 Case 1: 2011 Flood Case in Kulmbach (Germany)
	67.4.2 Case 2: 2011 Tohoku Tsunami Recorded in Hawaii (USA)
	67.4.3 Performance Investigation
	67.4.4 Current Visualisation and Outlook

	67.5 Conclusions
	References

	68 Analysis of the Unsteady Flow Around a Hydrofoil at Various Incidences
	68.1 Introduction
	68.2 Numerical Setup
	68.2.1 Turbulence Modelling
	68.2.2 Flow Configuration, Mesh, and Boundary Conditions

	68.3 Results and Discussion
	68.3.1 Validations of Different Parameters Under Pre-stall Conditions
	68.3.2 Unsteady Flows Under Slight Stall Condition
	68.3.3 Unsteady Flows Under Deep Stall Condition

	68.4 Conclusion
	References

	69 Analysis of High Energy Impact of a Raindrop on Water
	69.1 Introduction
	69.2 Numerical Setup
	69.2.1 Main Features of the Solver
	69.2.2 Flow Configuration and Adaptive Mesh Refinement
	69.2.3 Post-processing

	69.3 Results and Discussion
	69.4 Conclusion
	References

	70 Experiment and Numerical Analysis of a Rotating Hollow Cylinder in Free Flight
	70.1 Introduction
	70.2 Methods
	70.2.1 Model and Parameters
	70.2.2 Field Observation
	70.2.3 Numerical Analysis

	70.3 Results and Discussion
	70.3.1 Wide-Range Observation
	70.3.2 Initial Instable and Complicated Flight
	70.3.3 Stable and Approximately-Straight Flight
	70.3.4 Influence of Model’s Rotation

	70.4 Conclusions
	References

	71 High-Speed Computation on Fluid Forces Acting on Various Oscillating 3D Objects
	71.1 Introduction
	71.2 Theory
	71.2.1 Model and Dominant Parameters
	71.2.2 Linear Approximation
	71.2.3 Fluid Force
	71.2.4 Discrete Singularity Method

	71.3 Results and Observations
	71.3.1 Sphere
	71.3.2 Circular Cylinder

	71.4 Conclusions
	References

	72 Approach of Dynamic Modelling of a Hydraulic System
	72.1 Introduction
	72.2 Compressed Air Energy Storage History
	72.3 Study Case
	72.4 Hydraulic System Model
	72.4.1 Description
	72.4.2 Mathematical Description and Analytical Solving

	72.5 Model Description
	72.5.1 Simulink
	72.5.2 Bond Graph Description
	72.5.3 Simulations

	72.6 Conclusions
	References

	73 Numerical Simulations of an Innovative Water Stirring Device for Fine Sediment Release: The Case Study of the Future Trift Reservoir
	73.1 Introduction
	73.2 Background Study
	73.3 Up-Scaling and Preliminary Design of the Sedmix Device
	73.3.1 Trift Reservoir
	73.3.2 Up-Scaling the SEDMIX Device
	73.3.3 Preliminary Design of SEDMIX

	73.4 Numerical Simulations
	73.4.1 Geometry Modeling of the SEDMIX Device in the Trift Reservoir
	73.4.2 Numerical Model Set-Up

	73.5 Results and Analysis
	73.6 Conclusions
	References

	74 Assessment of the Performance of a Protection Bell for a Micro Power Station on the Rhône
	74.1 Context of the Study
	74.1.1 Context
	74.1.2 Structure Description

	74.2 3D Modelling of the Structure
	74.2.1 Geometry
	74.2.2 Nomenclature

	74.3 Static Study
	74.4 CFD Model
	74.4.1 Represented Area and Mesh
	74.4.2 Modelling Hypothesis

	74.5 Reproduction of April 2016 Flood
	74.5.1 Water Rise
	74.5.2 Dynamic Analysis

	74.6 Outside Water Level and Velocity Influence
	74.6.1 Outside Water Level
	74.6.2 Velocity

	74.7 Structure Modification
	74.8 Conclusion

	75 Comparison Between Two Hydraulic Models (1D and 2D) of the Garonne River: Application to Uncertainty Propagations and Sensitivity Analyses of Levee Breach Parameters
	75.1 Introduction
	75.2 Presentation and Modelling of the Case Study: The Garonne
	75.2.1 Generalities and Common Features of the 1D and 2D Hydraulic Models
	75.2.2 1D Hydraulic Modelling with HEC-RAS
	75.2.3 2D Hydraulic Modelling with TELEMAC-2D

	75.3 Methodology
	75.3.1 Step 1: Design Database Building Using Coupling Tools
	75.3.2 Step 2: Meta-model Building
	75.3.3 Step 3: The Validation/Accuracy of the Meta-model
	75.3.4 Step 4: Uncertainty Quantification (UQ) and Global Sensitivity Analysis (GSA)

	75.4 Uncertainty Analysis of Levee Breach Parameters
	75.4.1 Design Database Building
	75.4.2 Construction and Validation of the Meta-models
	75.4.3 Uncertainty Quantification
	75.4.4 Global Sensitivity Analysis

	75.5 Discussion and Conclusions
	References

	76 PID Controllers as Data Assimilation Tool for 1D Hydrodynamic Models of Different Complexity
	76.1 Introduction
	76.2 Methods and Materials
	76.2.1 Methodology Overview
	76.2.2 1D Hydrodynamic Models
	76.2.3 Assimilation Methods
	76.2.4 Numerical Test
	76.2.5 Assessment Methods

	76.3 Results and Discussion
	76.4 Conclusions
	References

	77 Validation of a Semi-automatically Calibrated 1-D Open-Channel Model Against Experimental Data with Changes in Channel Geometry
	77.1 Introduction
	77.2 Experimental Facilities and Numerical Environment
	77.2.1 Data Set Obtained in the Calibration Single Channel from UCL
	77.2.2 Data Set from Enlarging and Contracting Channels from UCL
	77.2.3 Numerical Codes and Optimization Methods for Calibration Tests
	77.2.4 Calibration Methods and Definition of Specific Metrics for Calibration Assessment

	77.3 Results and Discussion
	77.3.1 Benchmark of Fudaa-Crue Against Lilas et al. [13] Simulations and Experimental Data
	77.3.2 Results and Discussion on the Metrics Proposed by Lilas et al. [13]
	77.3.3 Calibration Refinements

	77.4 Conclusions and Perspectives
	References

	78 Analysis of River Bed Variation Based on Hydrological and Hydraulic Models: A Case Study on Hosan Stream Watershed, South Korea
	78.1 Introduction
	78.2 Selection and Characteristics of the Model
	78.3 Characteristics of the Concerned Basin
	78.3.1 Overview of the Basin
	78.3.2 Weather and Climate

	78.4 Hydrological Analysis
	78.4.1 Physical Parameters
	78.4.2 Internal Processing Parameter
	78.4.3 Estimation of Simulation Discharge
	78.4.4 Flow Regime Analysis

	78.5 Hydraulic Analysis
	78.5.1 Longitudinal and Cross-Sectional Analysis
	78.5.2 Flow Velocity Distribution
	78.5.3 River Bed Variation Analysis

	78.6 Conclusion
	References

	79 Hybridizing Optimization Method and Artificial Neural Network for Urban Drainage System Design
	79.1 Introduction, First Headings
	79.2 Methodology
	79.2.1 Generation of a Random Training Dataset
	79.2.2 Generation of a Probabilistic Training Dataset

	79.3 Study Network
	79.4 Application Results
	79.5 Conclusions
	References

	80 Recycling of TBM-Excavated Materials of the Paris Basin into Technosol: A Numerical Assessment of Its Hydrological Transfer Functions
	80.1 Introduction
	80.2 Choice of a Technosol Model
	80.2.1 Technosols—Anthroposols
	80.2.2 Geological Nature of the Paris Basin Excavated Materials
	80.2.3 Technosol Model from a Published Patent

	80.3 Numerical Model of Transfer Functions
	80.3.1 Richard’s Equation for Unsaturated Flow
	80.3.2 Heat Transfer in Unsaturated Porous Medium
	80.3.3 Boundary Conditions

	80.4 Coupled Hydrological and Thermal Simulations
	80.4.1 Example of a One-Layer Model
	80.4.2 Example of a Three-Layers Model

	80.5 Conclusion
	References



