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2 Overall objectives

2.1 Presentation

Among all aspects of geosciences, we mainly focus on gravity driven flows arising in many situations such
as

• hazardous flows (flooding, rogue waves, landslides. . . ),

• sustainable energies (hydrodynamics-biology coupling, biofuel production, marine energies. . . ),

• risk management and land-use planning (morphodynamic evolutions, early warning systems. . . )

There exists a strong demand from scientists and engineers in fluid mechanics for models and
numerical tools able to simulate not only the water depth and the velocity field but also the distribution
and evolution of external quantities such as pollutants or biological species and the interaction between
flows and structures (seashores, erosion processes. . . ). The key point of the researches carried out
within ANGE is to answer this demand by the development of efficient, robust and validated models and
numerical tools.

2.2 Scientific challenges

Due to the variety of applications with a wide range of spatial scales, reduced-size models like the shallow
water equations are generally required. From the modelling point of view, the main issue is to describe
the behaviour of the flow with a reduced-size model taking into account several physical processes such
as non-hydrostatic terms, biological species evolution, topography and structure interactions within the
flow. The mathematical analysis of the resulting model do not enter the field of hyperbolic equations
anymore and new strategies have to be proposed. Moreover, efficient numerical resolutions of reduced-
size models require particular attention due to the different time scales of the processes and in order to
recover physical properties such as positivity, conservativity, entropy dissipation and equilibria.

The models can remain subject to uncertainties that originate from incomplete description of the
physical processes and from uncertain parameters. Further development of the models may rely on
the assimilation of observational data and the uncertainty quantification of the resulting analyses or
forecasts.

3 Research program

3.1 Overview

The research activities carried out within the ANGE team strongly couple the development of methodolog-
ical tools with applications to real–life problems and the transfer of numerical codes. The main purpose
is to obtain new models adapted to the physical phenomena at stake, identify the main properties that
reflect the physical meaning of the models (uniqueness, conservativity, entropy dissipation, . . . ), propose
effective numerical methods to approximate their solution in complex configurations (multi-dimensional,
unstructured meshes, well-balanced, . . . ) and to assess the results with data in the purpose of potentially
correcting the models.

The difficulties arising in gravity driven flow studies are threefold.

• Models and equations encountered in fluid mechanics (typically the free surface Navier-Stokes
equations) are complex to analyze and solve.

• The underlying phenomena often take place over large domains with very heterogeneous length
scales (size of the domain, mean depth, wave length, . . . ) and distinct time scales, e.g. coastal
erosion, propagation of a tsunami, . . .

• These problems are multi-physics with strong couplings and nonlinearities.
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3.2 Modelling and analysis

Hazardous flows are complex physical phenomena that can hardly be represented by shallow water type
systems of partial differential equations (PDEs). In this domain, the research program is devoted to the
derivation and analysis of reduced complexity models compared to the Navier-Stokes equations, but
relaxing the shallow water assumptions. The main purpose is then to obtain models well-adapted to the
physical phenomena at stake.

Even if the resulting models do not strictly belong to the family of hyperbolic systems, they exhibit
hyperbolic features: the analysis and discretisation techniques we intend to develop have connections
with those used for hyperbolic conservation laws. It is worth noticing that the need for robust and efficient
numerical procedures is reinforced by the smallness of dissipative effects in geophysical models which
therefore generate singular solutions and instabilities.

On the one hand, the derivation of the Saint-Venant system from the Navier-Stokes equations is based
on two approximations (the so-called shallow water assumptions), namely

• the horisontal fluid velocity is well approximated by its mean value along the vertical direction,

• the pressure is hydrostatic or equivalently the vertical acceleration of the fluid can be neglected
compared to the gravitational effects.

As a consequence the objective is to get rid of these two assumptions, one after the other, in order to
obtain models accurately approximating the incompressible Euler or Navier-Stokes equations.

On the other hand, many applications require the coupling with non-hydrodynamic equations, as in
the case of micro-algae production or erosion processes. These new equations comprise non-hyperbolic
features and a special analysis is needed.

Multilayer approach As for the first shallow water assumption, multi-layer systems were proposed to
describe the flow as a superposition of Saint-Venant type systems [24, 27, 28]. Even if this approach
has provided interesting results, layers are considered separate and non-miscible fluids, which implies
strong limitations. That is why we proposed a slightly different approach [25, 26] based on a Galerkin type
decomposition along the vertical axis of all variables and leading, both for the model and its discretisation,
to more accurate results.

A kinetic representation of our multilayer model allows to derive robust numerical schemes endowed
with crucial properties such as: consistency, conservativity, positivity, preservation of equilibria, . . . It is
one of the major achievements of the team but it needs to be analyzed and extended in several directions
namely:

• The convergence of the multilayer system towards the hydrostatic Euler system as the number of
layers goes to infinity is a critical point. It is not fully satisfactory to have only formal estimates of
the convergence and sharp estimates would provide an optimal number of layers.

• The introduction of several source terms due for instance to the Coriolis force or extra terms from
changes of coordinates seems necessary. Their inclusion should lead to substantial modifications
of the numerical scheme.

• Its hyperbolicity has not yet been proven and conversely the possible loss of hyperbolicity cannot
be characterised. Similarly, the hyperbolic feature is essential in the propagation and generation of
waves.

Non-hydrostatic models The hydrostatic assumption consists in neglecting the vertical acceleration of
the fluid. It is considered valid for a large class of geophysical flows but is restrictive in various situations
where the dispersive effects (like wave propagation) cannot be neglected. For instance, when a wave
reaches the coast, bathymetry variations give a vertical acceleration to the fluid that strongly modifies the
wave characteristics and especially its height.

Processing an asymptotic expansion (w.r.t. the aspect ratio for shallow water flows) into the Navier-
Stokes equations, we obtain at the leading order the Saint-Venant system. Going one step further leads to
a vertically averaged version of the Euler/Navier-Stokes equations involving some non-hydrostatic terms.
This model has several advantages:
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• it admits an energy balance law (that is not the case for most dispersive models available in the
literature),

• it reduces to the Saint-Venant system when the non-hydrostatic pressure term vanishes,

• it consists in a set of conservation laws with source terms,

• it does not contain high order derivatives.

Multi-physics modelling The coupling of hydrodynamic equations with other equations in order to
model interactions between complex systems represents an important part of the team research. More
precisely, three multi-physics systems are investigated. More details about the industrial impact of these
studies are presented in the following section.

• To estimate the risk for infrastructures in coastal zones or close to a river, the resolution of the
shallow water equations with moving bathymetry is necessary. The first step consisted in the study
of an additional equation largely used in engineering science: The Exner equation. The analysis
enabled to exhibit drawbacks of the coupled model such as the lack of energy conservation or the
strong variations of the solution from small perturbations. A new formulation is proposed to avoid
these drawbacks. The new model consists in a coupling between conservation laws and an elliptic
equation, like the Euler/Poisson system, suggesting to use well-known strategies for the analysis
and the numerical resolution. In addition, the new formulation is derived from classical complex
rheology models and allowed physical phenomena like threshold laws.

• Interaction between flows and floating structures is the challenge at the scale of the shallow water
equations. This study requires a better understanding of the energy exchanges between the flow
and the structure. The mathematical model of floating structures is very hard to solve numerically
due to the non-penetration condition at the interface between the flow and the structure. It leads
to infinite potential wave speeds that could not be solved with classical free surface numerical
schemes. A relaxation model was derived to overcome this difficulty. It represents the interaction
with the floating structure with a free surface model-type.

• If the interactions between hydrodynamics and biology phenomena are known through laboratory
experiments, it is more difficult to predict the evolution, especially for the biological quantities,
in a real and heterogeneous system. The objective is to model and reproduce the hydrodynamics
modifications due to forcing term variations (in time and space). We are typically interested
in phenomena such as eutrophication, development of harmful bacteria (cyanobacteria) and
upwelling phenomena.

Data assimilation and inverse modelling In environmental applications, the most accurate numerical
models remain subject to uncertainties that originate from their parameters and shortcomings in their
physical formulations. It is often desirable to quantify the resulting uncertainties in a model forecast. The
propagation of the uncertainties may require the generation of ensembles of simulations that ideally
sample from the probability density function of the forecast variables. Classical approaches rely on
multiple models and on Monte Carlo simulations. The applied perturbations need to be calibrated
for the ensemble of simulations to properly sample the uncertainties. Calibrations involve ensemble
scores that compare the consistency between the ensemble simulations and the observational data. The
computational requirements are so high that designing fast surrogate models or metamodels is often
required.

In order to reduce the uncertainties, the fixed or mobile observations of various origins and accuracies
can be merged with the simulation results. The uncertainties in the observations and their represen-
tativeness also need to be quantified in the process. The assimilation strategy can be formulated in
terms of state estimation or parameter estimation (also called inverse modelling). Different algorithms
are employed for static and dynamic models, for analyses and forecasts. A challenging question lies in
the optimization of the observational network for the assimilation to be the most efficient at a given
observational cost.
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3.3 Numerical analysis

Non-hydrostatic scheme The main challenge in the study of the non-hydrostatic model is to design a
robust and efficient numerical scheme endowed with properties such as: positivity, wet/dry interfaces
treatment, consistency. It must be noticed that even if the non-hydrostatic model looks like an extension
of the Saint-Venant system, most of the known techniques used in the hydrostatic case are not efficient as
we recover strong difficulties encountered in incompressible fluid mechanics due to the extra pressure
term. These difficulties are reinforced by the absence of viscous/dissipative terms.

Space decomposition and adaptive scheme In the quest for a better balance between accuracy and
efficiency, a strategy consists in the adaptation of models. Indeed, the systems of partial differential
equations we consider result from a hierarchy of simplifying assumptions. However, some of these
hypotheses may turn out to be irrelevant locally. The adaptation of models thus consists in determining
areas where a simplified model (e.g. shallow water type) is valid and where it is not. In the latter case, we
may go back to the “parent” model (e.g. Euler) in the corresponding area. This implies to know how to
handle the coupling between the aforementioned models from both theoretical and numerical points
of view. In particular, the numerical treatment of transmission conditions is a key point. It requires the
estimation of characteristic values (Riemann invariant) which have to be determined according to the
regime (torrential or fluvial).

Asymptotic-Preserving scheme for source terms Hydrodynamic models comprise advection and
sources terms. The conservation of the balance between source terms, typically viscosity and fric-
tion, has a significant impact since the overall flow is generally a perturbation around an equilibrium.
The design of numerical schemes able to preserve such balances is a challenge from both theoretical and
industrial points of view. The concept of Asymptotic-Preserving (AP) methods is of great interest in order
to overcome these issues.

Another difficulty occurs when a term, typically related to the pressure, becomes very large compared
to the order of magnitude of the velocity. At this regime, namely the so-called low Froude (shallow water)
or low Mach (Euler) regimes, the difference between the speed of the gravity waves and the physical
velocity makes classical numerical schemes inefficient: firstly because of the error of truncation which is
inversely proportional to the small parameters, secondly because of the time step governed by the largest
speed of the gravity wave. AP methods made a breakthrough in the numerical resolution of asymptotic
perturbations of partial-differential equations concerning the first point. The second one can be fixed
using partially implicit scheme.

Multi-physics models Coupling problems also arise within the fluid when it contains pollutants, density
variations or biological species. For most situations, the interactions are small enough to use a splitting
strategy and the classical numerical scheme for each sub-model, whether it be hydrodynamic or non-
hydrodynamic.

The sediment transport raises interesting issues from a numerical aspect. This is an example of
coupling between the flow and another phenomenon, namely the deformation of the bottom of the
basin that can be carried out either by bed load where the sediment has its own velocity or suspended
load in which the particles are mostly driven by the flow. This phenomenon involves different time
scales and nonlinear retroactions; hence the need for accurate mechanical models and very robust
numerical methods. In collaboration with industrial partners (EDF–LNHE), the team already works on
the improvement of numerical methods for existing (mostly empirical) models but our aim is also to
propose new (quite) simple models that contain important features and satisfy some basic mechanical
requirements. The extension of our 3D models to the transport of weighted particles can also be here of
great interest.

Optimisation Numerical simulations are a very useful tool for the design of new processes, for instance
in renewable energy or water decontamination. The optimisation of the process according to a well-
defined objective such as the production of energy or the evaluation of a pollutant concentration is the
logical upcoming challenge in order to propose competitive solutions in industrial context. First of all,
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the set of parameters that have a significant impact on the result and on which we can act in practice is
identified. Then the optimal parameters can be obtained using the numerical codes produced by the
team to estimate the performance for a given set of parameters with an additional loop such as gradient
descent or Monte Carlo method. The optimisation is used in practice to determine the best profile for
turbine pales, the best location for water turbine implantation, in particular for a farm.

4 Application domains

4.1 Overview

Sustainable development and environment preservation have a growing importance and scientists
have to address difficult issues such as: management of water resources, renewable energy production,
bio/geo-chemistry of oceans, resilience of society w.r.t. hazardous flows, urban pollutions, . . .

As mentioned above, the main issue is to propose models of reduced complexity, suitable for scientific
computing and endowed with stability properties (continuous and/or discrete). In addition, models and
their numerical approximations have to be confronted with experimental data, as analytical solutions
are hardly accessible for these problems/models. A. Mangeney (IPGP) and N. Goutal (EDF) may provide
useful data.

4.2 Geophysical flows

Reduced models like the shallow water equations are particularly well-adapted to the modelling of geo-
physical flows since there are characterized by large time or/and space scales. For long time simulations,
the preservation of equilibria is essential as global solutions are a perturbation around them. The analysis
and the numerical preservation of non-trivial equilibria, more precisely when the velocity does not vanish,
are still a challenge. In the fields of oceanography and meteorology, the numerical preservation of the
so-called geostrophic state, which is the balance between the gravity field and the Coriolis force, can
significantly improve the forecasts. In addition, data assimilation is required to improve the simulations
and correct the dissipative effect of the numerical scheme.

The sediment transport modelling is of major interest in terms of applications, in particular to
estimate the sustainability of facilities with silt or scour, such as canals and bridges. Dredging or filling-up
operations are expensive and generally not efficient in the long term. The objective is to determine a
configuration almost stable for the facilities. In addition, it is also important to determine the impact of
major events like emptying dam which is aimed at evacuating the sediments in the dam reservoir and
requires a large discharge. However, the downstream impact should be measured in terms of turbidity,
river morphology and flood.

4.3 Hydrological disasters

It is a violent, sudden and destructive flow. Between 1996 and 2005, nearly 80% of natural disasters in
the world have meteorological or hydrological origines. The main interest of their study is to predict the
areas in which they may occur most probably and to prevent damages by means of suitable amenities. In
France, floods are the most recurring natural disasters and produce the worst damages. For example, it
can be a cause or a consequence of a dam break. The large surface they cover and the long period they
can last require the use of reduced models like the shallow water equations. In urban areas, the flow can
be largely impacted by the debris, in particular cars, and this requires fluid/structure interactions be well
understood. Moreover, underground flows, in particular in sewers, can accelerate and amplify the flow.
To take them into account, the model and the numerical resolution should be able to treat the transition
between free surface and underground flows.

Tsunamis are another hydrological disaster largely studied. Even if the propagation of the wave is
globally well described by the shallow water model in oceans, it is no longer the case close to the epicenter
and in the coastal zone where the bathymetry leads to vertical accretions and produces substantial
dispersive effects. The non-hydrostatic terms have to be considered and an efficient numerical resolution
should be induced.
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While viscous effects can often be neglected in water flows, they have to be taken into account in
situations such as avalanches, debris flows, pyroclastic flows, erosion processes, . . . i.e. when the fluid
rheology becomes more complex. Gravity driven granular flows consist of solid particles commonly
mixed with an interstitial lighter fluid (liquid or gas) that may interact with the grains and decrease the
intensity of their contacts, thus reducing energy dissipation and favoring propagation. Examples include
subaerial or subaqueous rock avalanches (e.g. landslides).

4.4 Biodiversity and culture

Nowadays, simulations of the hydrodynamic regime of a river, a lake or an estuary, are not restricted to
the determination of the water depth and the fluid velocity. They have to predict the distribution and
evolution of external quantities such as pollutants, biological species or sediment concentration.

The potential of micro-algae as a source of biofuel and as a technological solution for CO2 fixation
is the subject of intense academic and industrial research. Large-scale production of micro-algae has
potential for biofuel applications owing to the high productivity that can be attained in high-rate raceway
ponds. One of the key challenges in the production of micro-algae is to maximize algae growth with
respect to the exogenous energy that must be used (paddlewheel, pumps, . . . ). There is a large number of
parameters that need to be optimized (characteristics of the biological species, raceway shape, stirring
provided by the paddlewheel). Consequently our strategy is to develop efficient models and numerical
tools to reproduce the flow induced by the paddlewheel and the evolution of the biological species within
this flow. Here, mathematical models can greatly help us reduce experimental costs. Owing to the high
heterogeneity of raceways due to gradients of temperature, light intensity and nutrient availability through
water height, we cannot use depth-averaged models. We adopt instead more accurate multilayer models
that have recently been proposed. However, it is clear that many complex physical phenomena have to
be added to our model, such as the effect of sunlight on water temperature and density, evaporation and
external forcing.

Many problems previously mentioned also arise in larger scale systems like lakes. Hydrodynamics of
lakes is mainly governed by geophysical forcing terms: wind, temperature variations, . . .

4.5 Sustainable energy

One of the booming lines of business is the field of renewable and decarbonated energies. In particular
in the marine realm, several processes have been proposed in order to produce electricity thanks to the
recovering of wave, tidal and current energies. We may mention water-turbines, buoys turning variations
of the water height into electricity or turbines motioned by currents. Although these processes produce
an amount of energy which is less substantial than in thermal or nuclear power plants, they have smaller
dimensions and can be set up more easily.

The fluid energy has kinetic and potential parts. The buoys use the potential energy whereas the
water-turbines are activated by currents. To become economically relevant, these systems need to be
optimized in order to improve their productivity. While for the construction of a harbour, the goal is to
minimize swell, in our framework we intend to maximize the wave energy.

This is a complex and original issue which requires a fine model of energy exchanges and efficient
numerical tools. In a second step, the optimisation of parameters that can be changed in real-life, such as
bottom bathymetry and buoy shape, must be studied. Eventually, physical experiments will be necessary
for the validation.

4.6 Urban environment

The urban environment is essentially studied for air and noise pollutions. Air pollution levels and noise
pollution levels vary a lot from one street to next. The simulations are therefore carried out at street
resolution and take into account the city geometry. The associated numerical models are subject to
large uncertainties. Their input parameters, e.g. pollution emissions from road traffic, are also uncertain.
Quantifying the simulation uncertainties is challenging because of the high computational costs of
the numerical models. An appealing approach in this context is the use of metamodels, from which
ensembles of simulations can be generated for uncertainty quantification.
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The simulation uncertainties can be reduced by the assimilation of fixed and mobile sensors. High-
quality fixed monitoring sensors are deployed in cities, and an increasing number of mobile sensors are
added to the observational networks. Even smartphones can be used as noise sensors and dramatically
increase the spatial coverage of the observations. The processing and assimilation of the observations
raises many questions regarding the quality of the measurements and the design of the network of
sensors.

4.7 SmartCity

There is a growing interest for environmental problems at city scale, where a large part of the population
is concentrated and where major pollutions can occur. Numerical simulation is well established to study
the urban environment, e.g. for road traffic modelling. As part of the smartcity movement, an increasing
number of sensors collect measurements, at traditional fixed observation stations, but also on mobile
devices, like smartphones. They must properly be taken into account given their number but also their
potential low quality.

Pratical applications include air pollution and noise pollution. These directly relate to road traffic.
Data assimilation and uncertainty propagation are key topics in these applications.

5 Social and environmental responsibility

5.1 Footprint of research activities

Only few travels were done last year (including one flight), due to the sanitary crisis but also because of a
will of the team to avoid this type of transportation.

5.2 Impact of research results

Part of ANGE activity is devoted to research on renewable energy. In this way, J. Salomon (with J. Ledoux
and S. Riffo, former members of the team) submitted a paper about turbine design [23].

6 Highlights of the year

The project "Inria Challenge OceanAI" has been accepted. This project is based on an international
consorsium, including INRIA Chile and the teams TAO and BIOCORE.

7 New software and platforms

7.1 New software

7.1.1 Freshkiss

Name: FREe Surface Hydrodynamics using KInetic SchemeS

Keywords: Finite volume methods, Hydrostatic Navier-Stokes equations, Free surface flows

Functional Description: Freshkiss3D is a numerical code solving the 3D hydrostatic and incompressible
Navier-Stokes equations with variable density.

Authors: Alain Dervieux, Anne-Céline Boulanger, Bijan Mohammadi, David Froger, Emmanuel Audusse,
Jacques Sainte Marie, Marie-Odile Bristeau, Raouf Hamouda

Contact: Jacques Sainte Marie

Participants: Fabien Souillé, Emmanuel Audusse, Jacques Sainte Marie, Marie-Odile Bristeau

Partners: UPMC, CEREMA
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7.1.2 TSUNAMATHS

Keywords: Modeling, Tsunamis

Functional Description: Tsunamaths is an educational platform aiming at simulating historical tsunamis.
Real data and mathematical explanations are provided to enable people to better understand the
overall process of tsunamis.

URL: http://tsunamath.paris.inria.fr/

Authors: Emmanuel Audusse, Jacques Sainte Marie, Raouf Hamouda

Contacts: Jacques Sainte Marie, Raouf Hamouda, Emmanuel Audusse

Participants: Emmanuel Audusse, Jacques Sainte Marie, Raouf Hamouda

7.1.3 Verdandi

Keywords: HPC, Model, Software Components, Partial differential equation

Functional Description: Verdandi is a free and open-source (LGPL) library for data assimilation. It
includes various such methods for coupling one or several numerical models and observational
data. Mainly targeted at large systems arising from the discretization of partial differential equations,
the library is devised as generic, which allows for applications in a wide range of problems (biology
and medicine, environment, image processing, etc.). Verdandi also includes tools to ease the
application of data assimilation, in particular in the management of observations or for a priori
uncertainty quantification. Implemented in C++, the library may be used with models implemented
in Fortran, C, C++ or Python.

URL: http://verdandi.gforge.inria.fr/

Authors: Vivien Mallet, Dominique Chapelle, Gautier Bureau, Nicolas Claude, Philippe Moireau

Contacts: Vivien Mallet, Dominique Chapelle, Philippe Moireau

Participants: Dominique Chapelle, Gautier Bureau, Nicolas Claude, Philippe Moireau, Vivien Mallet

7.1.4 Polyphemus

Keyword: Simulation

Functional Description: Polyphemus is a modeling system for air quality. As such, it is designed to
yield up-to-date simulations in a reliable framework: data assimilation, ensemble forecast and
daily forecasts. Its completeness makes it suitable for use in many applications: photochemistry,
aerosols, radionuclides, etc. It is able to handle simulations from local to continental scales, with
several physical models. It is divided into three main parts:

libraries that gather data processing tools (SeldonData), physical parameterizations (AtmoData)
and post-processing abilities (AtmoPy),

programs for physical pre-processing and chemistry-transport models (Polair3D, Castor, two
Gaussian models, a Lagrangian model),

model drivers and observation modules for model coupling, ensemble forecasting and data assimi-
lation.

URL: http://cerea.enpc.fr/polyphemus/

Contact: Vivien Mallet

Participants: Sylvain Doré, Vivien Mallet

http://tsunamath.paris.inria.fr/
http://verdandi.gforge.inria.fr/
http://cerea.enpc.fr/polyphemus/
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7.1.5 Urban noise analysis

Keyword: Environment perception

Functional Description: This software processes mobile observations collected by the application Am-
biciti (previously known as SoundCity). It can merge simulated noise maps with the mobile
observations.

Authors: Raphaël Ventura, Vivien Mallet, Guillaume Chérel

Contacts: Vivien Mallet, Isabelle Herlin

7.1.6 Freshkiss3D

Keywords: Python, Cython, Navier-Stokes

Functional Description: Tool for the numerical solution of free surface Navier-Stokes equations

Publication: hal-01393147

Authors: Jacques Sainte Marie, Marie-Odile Bristeau, Anne-Céline Boulanger, Raouf Hamouda, Em-
manuel Audusse, Alain Dervieux, Bijan Mohammadi, David Froger, Fabien Souillé, Cédric Doucet,
Apolline El Baz

Contacts: Jacques Sainte Marie, Cédric Doucet

Participants: Cédric Doucet, Apolline El Baz, Jacques Sainte Marie

Partner: UPMC

8 New results

8.1 Numerical methods

8.1.1 Time parallelization for optimization and assimilation

Participants Julien Salomon.

The time parallel solution of optimality systems arising in PDE constraint optimization could be
achieved by simply applying any time parallel algorithm, such as Parareal, to solve the forward and
backward evolution problems arising in the optimization loop. We propose in [13] a different strategy
by devising directly a new time parallel algorithm, which we call ParaOpt, for the coupled forward and
backward non-linear partial differential equations. ParaOpt is inspired by the Parareal algorithm for
evolution equations, and thus is automatically a two-level method. We provide a detailed convergence
analysis for the case of linear parabolic PDE constraints. We illustrate the performance of ParaOpt with
numerical experiments both for linear and nonlinear optimality systems.

8.1.2 Dynamical Behavior of a Nondiffusive Scheme for the Advection Equation

Participants Nina Aguillon.

In [18], we study the long time behaviour of a dynamical system strongly linked to the anti-diffusive
scheme of Després and Lagoutiere for the 1-dimensional transport equation. This scheme is overcom-
pressive when the Courant–Friedrichs–Levy number is 1/2: when the initial data is nondecreasing, the
approximate solution becomes a Heaviside function. In a special case, we also understand how plateaus
are formed in the solution and their stability, a distinctive feature of the Després and Lagoutiere scheme.

https://hal.inria.fr/hal-01393147
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8.1.3 Convergence of numerical schemes for a conservation equation with convection and degener-
ate diffusion

Participants Cindy Guichard.

In [12], the approximation of problems with linear convection and degenerate nonlinear diffusion,
which arise in the framework of the transport of energy in porous media with thermodynamic transitions,
is done using a θ-scheme based on the centered gradient discretisation method. The convergence of the
numerical scheme is proved, although the test functions which can be chosen are restricted by the weak
regularity hypotheses on the convection field, owing to the application of a discrete Gronwall lemma and
a general result for the time translate in the gradient discretisation setting. Some numerical examples,
using both the Control Volume Finite Element method and the Vertex Approximate Gradient scheme,
show the role of θ for stabilising the scheme.

8.1.4 The gradient discretisation method

Participants Cindy Guichard.

The gradient discretisation method (GDM) is a generic framework for the spatial discretisation of
partial differential equations. The goal of [17] is to establish an error estimate for a class of degenerate
parabolic problems, obtained under very mild regularity assumptions on the exact solution. Our study
covers well-known models like the porous medium equation and the fast diffusion equations, as well as
the strongly degenerate Stefan problem. Several schemes are then compared in a last section devoted to
numerical results.

8.1.5 Numerical methods for Euler system

Participants Jacques Sainte-Marie, Bernard Di Martino, Marie-Odile Bristeau.

In [10] (see also [11]), we present several time dependent analytical solutions for the incompressible
Euler system with free surface. These analytical solutions give quantitative descriptions of some physical
phenomena, such as water motion or waves on space variable topography, and can be used as reference
solutions when validating numerical simulation codes. They concern fluid flows governed by Euler
equations with or without hydrostatic hypothesis including wet/dry interface, variable density and wide
variety of boundary conditions.

8.2 Modelling

8.2.1 Accurate steam-water equation of state for two-phase flow LMNC model with phase transition

Participants Yohan Penel.

In [21], we investigate a new homogeneous relaxation model describing thebehaviour of a two-phase
fluid flow in a low Mach number regime, which can be obtained as a lowMach number approximation
of the well-known HRM. For this specific model, we derive an equationof state to describe the thermo-
dynamics of the two-phase fluid. We prove some theoretical propertiessatisfied by the solutions of the
model, and provide a well-balanced scheme.To go further, we investigate the instantaneous relaxation
regime, and prove the formal convergenceof this model towards the low Mach number approximation of
the well-known HEM. An asymptotic-preserving scheme is introduced to allow numerical simulations of
the coupling between spatial regionswith different relaxation characteristic times.
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8.2.2 Congested shallow water model: on floating body

Participants Jacques Sainte-Marie, Edwige Godlewski.

In [14], we are interested in the numerical modeling of body floating freely on the water such as
icebergs or wave energy converters. The fluid-solid interaction is formulated using a congested shallow
water model for the fluid and Newton’s second law of motion for the solid. We make a particular focus on
the energy transfer between the solid and the water since it is of major interest for energy production. A
numerical approximation based on the coupling of a nite volume scheme for the fluid and a Newmark
scheme for the solid is presented. An entropy correction based on an adapted choice of discretization
for the coupling terms is made in order to ensure a dissipation law at the discrete level. Simulations are
presented to verify the method and to show the feasibility of extending it to more complex cases.

8.2.3 Dispersive shallow water models

Participants Jacques Sainte-Marie, Edwige Godlewski, Marie-Odile Bristeau.

In [6], we propose a numerical method for a family of two-dimensional dispersive shallow water
systems with topography. The considered models consist in shallow water approximations without the
hydrostatic assumption-of the incompressible Euler system with free surface. Hence, the studied models
appear as extensions of the classical shallow water system enriched with dispersive terms. The model
formulation motivates to use a prediction-correction scheme for its numerical approximation. The
prediction part leads to solving a classical shallow water system with topography while the correction
part leads to solving an elliptic-type problem. The numerical approximation of the considered dispersive
models in the two-dimensional case over unstructured meshes is described, it requires to combine finite
volume and finite element techniques. A special emphasis is given to the formulation and the numerical
resolution of the correction step (variational formulation, inf-sup condition, boundary conditions,.. .).
The numerical procedure is confronted with analytical and experimental test cases. Finally, an application
to a real tsunami case is given.

8.2.4 The Navier-Stokes system with temperature and salinity for free surface flows

8.2.5 Dispersive shallow water models

Participants Jacques Sainte-Marie, Marie-Odile Bristeau.

In [19], we are interested in free surface flows where density variations coming e.g. from temperature
or salinity differences play a significant role in the hydrodynamic regime. In water, acoustic waves travel
much faster than gravity and internal waves, hence the study of models arising in compressible fluid
mechanics often requires a decoupling between these waves. Starting from the compressible Navier-
Stokes system, we derive the so-called Navier-Stokes-Fourier system in an incompressible context (the
density does not depend on the fluid pressure) using the low-Mach scaling. Notice that a modified
low-Mach scaling is necessary to obtain a model with a thermo-mechanical compatibility. The case
where the density depends only on the temperature is studied first. Then the variations of the fluid density
with respect to the temperature and the salinity are considered. We give a layer-averaged formulation
of the obtained models in an hydrostatic context. Allowing to derive numerical schemes endowed with
strong stability properties – that are presented in a companion paper – the layer-averaged formulation
is very useful for the numerical analysis and the numerical simulations of the models. Several stability
properties of the layer-averaged Navier-Stokes-Fourier system are proved.

In [20], we propose a numerical scheme for the layer-averaged Euler with variable density and the
Navier-Stokes-Fourier systems presented in part I (Boittin et al., 2018). These systems model hydrostatic
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free surface flows with density variations. We show that the finite volume scheme presented is well
balanced with regards to the steady state of the lake at rest and preserves the positivity of the water height.
A maximum principle on the density is also proved as well as a discrete entropy inequality in the case of
the Euler system with variable density. Some numerical validations are finally shown with comparisons
to 3D analytical solutions and experiments.

8.3 Assessments of models by means of experimental data and assimilation

8.3.1 Metamodeling corrected by observational data

8.3.2 Dispersive shallow water models

Participants Vivien Mallet, Janelle Hammondmiguel .

In [22], an air quality model at urban scale computes the air pollutant concentrations at street
resolution based on various emissions, meteorology, imported pollution and city geometry. Because of
the computational cost of such model, we previously designed a metamodel using dimension reduction
and statistical emulation, and then corrected this metamodel with observational data. Novel work was
dedicated to the error modeling for a more balanced integration of the observations. The work was also
applied to air quality simulation over Paris using several months of data.

8.3.3 Data assimilation for urban noise maps generated with a meta-model

Participants Vivien Mallet, Antoine Lesieur.

In [15], a new approach is proposed to generate urban noise maps. In an urban area, it is increasingly
common to have access to both a simulated noise map and a sensor network. A data assimilation
algorithm is developed to combine data from both a noise map simulator and a network of acoustic
sensors. One-hour noise maps are generated with a meta-model fed with hourly traffic and weather data.
The data assimilation algorithm merges the simulated map with the sound level measurements into an
improved noise map. The performance of this method relies on the accuracy of the meta-model, the
input parameters selection and the model of the error covariance that describes how the errors of the
simulated sound levels are correlated in space. The performance of the data assimilation is obtained with
a leave-one-out cross-validation method.

8.3.4 Uncertainty quantification in wildland fire propagation

Participants Vivien Mallet, Frédéric Allaire.

In [8], simulation is used to predict the spread of a wildland fire across land in real-time. Nevertheless,
the large uncertainties in these simulations must be quantified in order to provide better information
to fire managers. Ensemble forecasts are usually applied for this purpose, with an input parameter
distribution that is defined based on expert knowledge. A novel approach is proposed in order to
generate calibrated ensembles whose input distribution is defined by a posterior PDF with a pseudo-
likelihood function that involves the Wasserstein distance between simulated and observed burned
surfaces of several fire cases. Due to the high dimension and the computational requirements of the
pseudo-likelihood function, a Gaussian process emulator is built to obtain a sample of the calibrated
input distribution with a MCMC algorithm in about one day of computation on 8 computing cores. The
calibrated ensembles lead to better overall accuracy than the uncalibrated ensembles. The a posteriori
probability distribution of the inputs favors lower values of rate of spread and lower uncertainty in wind
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direction. This strongly limits overprediction, while keeping the ability of the ensemble to cover the
observed burned area.

In [7], numerical simulations of wildfire spread can provide support in deciding firefighting actions
but their predictive performance is challenged by the uncertainty of model inputs stemming from weather
forecasts, fuel parameterisation and other fire characteristics. In this study, we assign probability distri-
butions to the inputs and propagate the uncertainty by running hundreds of Monte Carlo simulations.
The ensemble of simulations is summarised via a burn probability map whose evaluation based on the
corresponding observed burned surface is not obvious. We define several properties and introduce prob-
abilistic scores that are common in meteorological applications. Based on these elements, we evaluate
the predictive performance of our ensembles for seven fires that occurred in Corsica from mid-2017 to
early 2018. We obtain fair performance in some of the cases but accuracy and reliability of the forecasts
can be improved. The ensemble generation can be accomplished in a reasonable amount of time and
could be used in an operational context provided that sufficient computational resources are available.
The proposed probabilistic scores are also appropriate in a calibration process to improve the ensembles.

8.4 Software Devlopments

Participants Jacques Sainte-Marie, Apolline El Baz.

Members: A. El Baz, J. Sainte-Marie

Several improvements of FreshKiss3D software have been made:

1. the code can now be used on RPM-based systems (Fedora, Redhat) thanks to a user contribution
(Julien Jerphanion);

2. the conda-based installation steps are now automatically tested by means of a continuous inte-
gration process performed on Linux and Mac virtual machines provided by the Inria platform
https://ci.inria.fr/;

3. third-party libraries have been updated so as to benefit from their very latest features;

4. software quality is now monitored by static analysis via the Inria SonarQube platform (https:
//sonarqube.inria.fr/);

5. code optimization including parallelization with MPI is currently under development.

9 Bilateral contracts and grants with industry

9.1 Bilateral contracts with industry

Yohan Penel started in september to supervised the PhD thesis of Giuseppe Parasiliti about the Physical,
mathematical and numerical modelling of a gas flow for the transportation of liquified natural gas. This
work is the result of a close collaboration with the corporation GTT, which has already collaborated with
ANGE in the last years, through the Carnot institute SMILE.

9.2 Bilateral grants with industry

• The ANR project Firecaster supports the Ph. D. Thesis of F. Allaire on the developpment of a fire
decision support system at the national scale to estimate upcoming fire risk. The collaborations are
CERFACS and CNRM (recherche de Météo-France).

• The ANR project Cense supports the Ph. D. Thesis of A. Lesieur on the developpment of a new
methodology for the production of more realistic noise maps. The industrial collaborations include:

https://ci.inria.fr/
https://sonarqube.inria.fr/
https://sonarqube.inria.fr/
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– Bouygues Énergies & Services

– Wi6Labs

– Bruitparif (association)

We refer to
https://cense.ifsttar.fr/partenaires/entreprises-privees/

https://cense.ifsttar.fr/partenaires/associations/

for more details.

10 Partnerships and cooperations

10.1 International initiatives

10.1.1 Inria associate team not involved in an IIL

ANR/RGC ALLOWAP (ANR-19-CE46-0013/A-HKBU203/19) (2019-2024) The goal of this project is to
design and develop large-scale parallel algorithms for dealing with optimization problems involving wave
phenomena. Such problems arise in many practical applications: two examples are in seismic inversion,
where one tries to deduce the geology of rock formations that best fits the available seismic data, and
in wave localization, which can be used to improve the efficiency of wireless charging devices. To make
the optimization tractable, parallel computers must be used to cope with the large amounts of data and
intensive computation inherent to these problems. In the last decade, parallel-in-time methods have
made enormous progress: for parabolic problems, a near-optimal scaling with respect to the number of
processors has been achieved (scalability). For wave propagation, there has been no such success.

Participants Julien Salomon.

• ANR project call: DS0708

• Project acronym: ALLOWAP

• Project title : ALgorithms for Large-scale Optimization of WAve Propagation Problems

• Coordinator: Laurence Halpern (LAGA, Université Paris 13)

10.1.2 Inria international partners

Declared Inria international partners Starting with the Inria Challenge Project grant "OcéanIA", ANGE
(J. Salomon and J. Sainte-Marie) is now working on AI, Data, and Models for understanding Oceans and
Climate Change through a collaboration with Nayat Sánchez Pi and Luis Martí from INRIA CHile. This
project also involves the INRIA teams TAO and BIOCORE. A proceeding has been published about this
project [16].

Informal international partners J. Salomon is still closely collaborating with Felix Kwok (Now Prof. in
Laval University, Quebec) and Martin Gander (Univeristy of Geneva) about time parallelization for control
and assimilation problems (see [13], and its description in Section 8).

J. Salomon has also a long term collaboration with G. Ciaramella (presently moving to Polytechinco
Y. Penel is still collaborating with the University of Sevilla, though he had to interrupt his spring visit

in March.

10.2 International research visitors

10.2.1 Visits of international scientists

Y. Penel invited a Serbian doctoral student from 14/09 to 12/10 (Davor Kumozec).
Due to the COVID-19 crises, J. Salomon was not able to invite F. Kwok and G. Ciaramella.

https://cense.ifsttar.fr/partenaires/entreprises-privees/
https://cense.ifsttar.fr/partenaires/associations/
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10.3 National initiatives
ANR MFG (2016-2021)

Participants Julien Salomon.

• Project acronym: MFG

• Project title: Mean Field Games

• Coordinator: Sébastien Boyaval (LHSV/ENPC)

• Funding: 299 160 euros.

Mean field game theory (MFG) is a new and active field of mathematics, which analyses the dynamics of
a very large number of agents. Introduced about ten years ago, MFG models have been used in different
fields: economics, finance, social sciences, engineering,... MFG theory is at the intersection of mean field
theory, mathematical game theory, optimal control, stochastic analysis, variation calculation, partial
differential equations and scientific calculation. Drawing on an internationally recognized French team
on the subject, the project seeks to obtain major contributions in 4 main directions: the "medium field"
aspect (i.e., how to obtain macroscopic models from microscopic models); the analysis of new MFG
systems; their numerical analysis; the development of new applications. In this period of rapid expansion
of MFG models, the project seeks to foster French leadership in the field and attract new researchers from
related fields.

ANR CHARMS (2016-2020)

Participants Cindy Guichard.

• ANR project call: Transformations et inter-conversions énergétiques

• Project acronym: CHARMS

• Project title: Modèles de réservoirs quantitatifs pour les systèmes hydrothermaux complexes

• Coordinator: Simon Lopez (BRGM)

• Funding: 73k euros for LJLL (in 767k euros for the whole project)

CHARMS ANR project is focused on the mathematical methods and software tools dedicated to
the simulation of the physical models issued from geothermal engineering. The final objective is the
achievement of a highly parallel code, validated on realistic cases.

GdR EGRIN (2017–2021)

Participants Emmanuel Audusse, , Bernard di Martino, , Nicole Goutal, ,
Cindy Guichard, , Anne Mangeney, , Martin Parisot, Jacques Sainte-
Marie.

EGRIN stands for Gravity-driven flows and natural hazards. J. Sainte-Marie is the head of the scientific
committee of this CNRS research group and A. Mangeney is a member of the committee. Other members
of the team involved in the project are local correspondents. The scientific goals of this project are the
modelling, analysis and simulation of complex fluids by means of reduced-complexity models in the
framework of geophysical flows.
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GdR EOL-EMR (2021–2026)

Participants Julien Salomon, , Jacques Sainte-Marie.

OBJECTIVES : To promote the dissemination of existing knowledge and expertise within and across
disciplines. The GDR EMR is a forum for the exchange of expertise and know-how within and across
disciplines. To promote the implementation of collaborations, between partners of the GDR and with
the industrial fabric. The GDR is an entry and orientation point. It provides a forum for the exchange
of information concerning industrial needs and the skills of the academic community; and enables the
bringing together of players. Valuing the national scientific community The GDR EMR gives visibility to
the community, in particular through the development of a mapping of the actors and themes available
on the web platform

ANR FireCaster (2017-2020)

Participants Frédéric Allaire, Vivien Mallet.

• ANR project call: DS0104

• Project acronym: FireCaster

• Project title: Plateforme de prévision incendie et de réponse d’urgence

• Coordinator: Jean-Baptiste Filippi (Univ. Corse)

• Funding: 442k euros

The goal of the FireCaster project is to prototype a fire decision support system at the national scale
to estimate upcoming fire risk (H+24 to H+48) and in case of crisis, to predict fire front position and local
pollution (H+1 to H+12).

ANR CENSE (2017-2020)

Participants Antoine Lesieur, Vivien Mallet.

• ANR project call: DS0601

• Project acronym: CENSE

• Project title: Caractérisation des environnements sonores urbains : vers une approche globale
associant données libres, mesures et modélisations

• Coordinator: Judicaël Picaut (IFSTTAR)

• Funding: 856k euros

The CENSE project aims at proposing a new methodology for the production of more realistic noise
maps, based on an assimilation of simulated and measured data through a dense network of low-cost
sensors.
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ANR RAVEX (2017-2020)

Participants Anne Mangeney.

• ANR project call: DS0106

• Project acronym: RAVEX

• Project title: Développement d’une approche intégrée pour la réduction des Risques Associés au
Volcanisme EXplosif, de la recherche sur l’aléa aux outils de gestion de crise : le cas de la Martinique

• Coordinator: Olivier Roche (IRD)

• Funding: 619k euros

ANR CINE-PARA (2015-2020)

Participants Julien Salomon.

• ANR project call: DS0708

• Project acronym: CINE-PARA

• Project title: Méthodes de parallélisation pour cinétiques complexes

• Coordinator: Yvon Maday (LJLL)

PGMO Project ORACLE (2019-2021)

Participants Julien Salomon.

• PGMO Call

• Project acronym: Oracle

• Project title: Optimal Resource Allocation in micro-organisms under Changing Environment

• Coordinator: Térence Bayen

11 Dissemination

11.1 Promoting scientific activities

• J. Salomon became redactor in chief of MATAPLI, the periodic review of the french applied mathe-
matics community.

• J. Salomon is still co-organizer of Inria-LJLL meeting in scientific computing (twice a month).

• E. Godlewski belong to the scientific comittee of KES 50 (fifty years of Kruzhkov entropy solutions,
and beyond).

11.1.1 Scientific events: organisation

Member of the organizing committees E. Godlewski was in the organizing comittee of "l’Année des
mathématiques 2020".
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11.1.2 Scientific events: selection

J. Salomon and Y. Penel organized with AMIES a Math-Industry Meeting (RMI) "RMI climat et environ-
nement" https://rmi-climat.sciencesconf.org/.

11.1.3 Journal

The reviewing activities from ANGE team are summarized in Table 1.

Initials Journals Role (reviewer, editor)
JS CRAS, SIAM SISC, JCP reviewer

CG CALC, JCP, JOMP, Sinum, SEMA-SIMAI reviewer
NAyi CIMP, Rendiconti dell’Accademia dei Lincei reviewer

NAgui Numerical Algorithm reviewer
EG JCP, M2AN, AIDE reviewer

BDM JFM reviewer
EA IJFV reviewer
YP M2AN reviewer

Table 1: Reviewing activities.

11.1.4 Invited talks

Invited talks (mainly online this year) of the members of the team are summarized in Table 2.

Initials Conference or Institute Location Date
JS DD26 Hong-Kong 12.20

JSM Acoustics and dispersive waves in free surface flows Cambridge 09.20
YP Séminaire du LAGA, Université Paris-Nord Villetaneuse 01.20

Table 2: Talk from ANGE members

11.1.5 Research administration

The administrative activities of ANGE are summarized in Table 3.

Initials Fonction Dates, mandat
JS Comité des usagers de la rue Barrault 2018-
JS Member of INRIA CES (committee on scientific employment) 2018-

JSM Assistant Scientific Director of INRIA 2019

Table 3: Administrative activities of ANGE members

11.2 Teaching - Supervision - Juries

11.2.1 Teaching

Teaching activities of ANGE are summarized in the following.

• Julien Salomon

https://rmi-climat.sciencesconf.org/


Project ANGE 21

– Méthodes numériques pour des modèles incluants des EDP, 45,M2,Université d’Abomey-
Calavi, Bénin, CM

– Méthodes numériques pour des modèles incluants des EDP, 45H, M2, Univ. Paris-Dauphine,
CM

• Cindy Guichard

– Fondements des méthodes numériques, 58H, M1, Sorbonne Université, TP

– Méthodes numériques, 31H, M2, Sorbonne Université, CM+TD

– Co responsable de la majeure Ingénierie Mathématiques pour l’Entreprise, M2, Sorbonne
Université

• Jacques Sainte-Marie

– Modélisation des écoulements gravitaires, 40 H, M1, Univ. Paris-Diderot et IPGP

– Méthodes numériques en géosciences, 50 H, M2, Univ. Paris-Diderot et IPGP,

– Hyperbolic models for complex flows, 25 H, M2, Sorbonne Université

• Nelly Boulos Al Makary

– Analyse2, 34 H, L1, Université Sorbonne Paris Nord, TD

– Outils Mathématiques, 15 H , L2, Université Sorbonne Paris Nord, TD

– Mathématiques, 15 H, L2, Université Sorbonne Paris Nord, TD

• Nathalie Ayi

– Probabilités, 38 H, L3, Sorbonne Université,TD

– Approximation des EDPs, 36 H, M1, Sorbonne Université, CM

– Algèbre linéaire, 60 H, L2, Sorbonne Université, CM-TD

– Structures mathématiques, 22 H, L3, Polytech Sorbonne, TD

– Mathématiques pour les études scientifiques 2, 42 H, L1, Sorbonne Université, CM-TD

– Co responsable de la double licence maths informatique, 12 H, L2/L3 , Sorbonne Université

• Edwige Godlewski

– Modèles hyperboliques d’écoulements complexes dans le domaine de l’énergie , 10 H, M2,
SU, CM

• Virgile Dubos

– Mathématiques appliquées, 32 H, L3, Polytech Sorbonne, TP

– Analyse numérique des EDP, 12 H, M1, Polytech Sorbonne, TP

– Mathématiques pour les études scientifiques I, 52 H, L1, Sorbonne Université, TD

• Bernard Di Martino

– Pratique d’algèbre, 36 H, L2, Université de Corse, TP

– Analyse Numérique Matricielle, 54 H, L3, Université de Corse, CM-TD-TP

– Outils Mathématiques, 27 H, L1, Université de Corse, TP

– Pratique d’analyse, 36 H, L2, Université de Corse, TP

• Emmanuel Audusse

– EDO,30 H, ING1, USPN, TD-TP

– Optimisation, 30 H, ING2, USPN,TD-TP

– Calcul scientifique, 30 H, L2, USPN, CM-TD-TP

• Léon Migus

– Informatique 2 (fortran), 20 H, M1, Polytech Sorbonne, TP
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11.2.2 Supervision and Juries

Supervision activities of ANGE are summarized in Table 4.

Advisor ANGE Other Advisor Grade Name Insititution Schedule
JS, VM PhD Antoine Lesieur Inria 2017-2020

JS P. Gallinari (LIP6, SU) PhD Léon Migus SU 2020-2023
JS, JSM PhD Liudi Lu SU 2018-2021

JSM, VM PhD Frédéric Allaire Inria 2017-2020
YP, CG, JSM PhD Virgile Dubos SU 2017-2020
NA, EA, MP PhD Nelly BOULOS Paris 13 2018-2021

VM Post Doc Janelle Hammond Inria 2017-2020
NA Stage M2 Mathieu Rigal UPMC 2019

NA, JSM, Nayi PhD Mathieu Rigal UPMC 2019-2022
BDM, JSM Stage M2 Chourouk El Hassanieh Inria 04-08/2019
BDM, JSM Samer Israwi (Libanese university) PhD Chourouk El Hassanieh Inria 2019-2022

JSM Sébastien Impériale PhD Juliette Dubois Inria 2020-2023
NAyi Julien Tailleur Stage M1 Nasrine Bahria SU Juin-Septembre 2020
VM Patrick Gallinari Stage M2 Claire Rossignol SU Avril-octobre 2020

Table 4: Supervision of thesis and intership

Participation to PhD committee of ANGE members: J. Sainte-Marie was referee (in March 2020) for
the PhD thesis of Hamza Boukili "Schémas de simulation d’un modèle à trois phases immiscibles pour
application à l’explosion vapeur" ( Univ. Aix-Marseille ).

11.3 Education

E. Godlewski is still the president of CFEM (commission française pour l’enseignement des mathéma-
tiques). Other popularization activities are described in Table 5.

Initials Date Details
JS 16.01.20 organization of a training day for high school teachers at LJLL

CG 2.20 Participation à l’acceuil de collégiens au LJLL
JSM 10.20 Conference at CNAM "impacts environnementaux du numérique"
NAyi 10.20 conference in two Orleans high schools
NAyi 02.20 organization of a training day for high school teachers at LJLL

NAgui 12.20 Journée Jeunes Mathématiciennes et Informaticiennes

Table 5: Participation to committees

12 Scientific production

12.1 Major publications

[1] E. Audusse, M.-O. Bristeau, M. Pelanti and J. Sainte-Marie. ‘Approximation of the hydrostatic
Navier-Stokes system for density stratified flows by a multilayer model. Kinetic interpretation and
numerical validation’. In: J. Comput. Phys. 230 (2011), pp. 3453–3478. DOI: 10.1016/j.jcp.2011
.01.042. URL: http://dx.doi.org/10.1016/j.jcp.2011.01.042.

[2] E. Audusse, M.-O. Bristeau, B. Perthame and J. Sainte-Marie. ‘A multilayer Saint-Venant system
with mass exchanges for Shallow Water flows. Derivation and numerical validation’. In: ESAIM
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[3] M.-O. Bristeau, A. Mangeney, J. Sainte-Marie and N. Seguin. ‘An energy-consistent depth-averaged
Euler system: derivation and properties’. In: Discrete and Continuous Dynamical Systems - Series B
20.4 (2015), p. 28.

[4] J. Ledoux, S. Riffo and J. Salomon. ‘Analysis of the Blade Element Momentum Theory’. working
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12.2 Publications of the year

International journals

[6] N. Aïssiouene, M.-O. Bristeau, E. Godlewski, A. Mangeney, C. Parés and J. Sainte-Marie. ‘A two-
dimensional method for a family of dispersive shallow water model’. In: SMAI Journal of Computa-
tional Mathematics 6 (25th Sept. 2020), p. 39. DOI: 10.5802/smai-jcm.66. URL: https://hal.a
rchives-ouvertes.fr/hal-01632522.

[7] F. Allaire, J.-B. Filippi and V. Mallet. ‘Generation and evaluation of an ensemble of wildland fire
simulations’. In: International Journal of Wildland Fire 29.2 (2020), pp. 160–173. DOI: 10.1071/WF1
9073. URL: https://hal.inria.fr/hal-02447187.

[8] F. Allaire, V. Mallet and J.-B. Filippi. ‘Novel method for a posteriori uncertainty quantification in
wildland fire spread simulation’. In: Applied Mathematical Modelling 90 (Feb. 2021), pp. 527–546.
DOI: 10.1016/j.apm.2020.08.040. URL: https://hal.inria.fr/hal-02957983.

[9] P. Aumond, A. Can, V. Mallet, B. Gauvreau and G. Guillaume. ‘Global sensitivity analysis for road
traffic noise modelling’. In: Applied Acoustics 176 (May 2021), p. 107899. DOI: 10.1016/j.apacous
t.2020.107899. URL: https://hal.archives-ouvertes.fr/hal-03147688.

[10] M.-O. Bristeau, B. Di Martino, A. Mangeney, J. Sainte-Marie and F. Souillé. ‘Some analytical solutions
for validation of free surface flow computational codes’. In: Journal of Fluid Mechanics (1st Jan.
2021). URL: https://hal.archives-ouvertes.fr/hal-01831622.

[11] M.-O. Bristeau, B. Di Martino, A. Mangeney, J. Sainte-Marie and F. Souillé. ‘Some quasi-analytical
solutions for propagative waves in free surface Euler equations’. In: Comptes Rendus Mathématique
(2020). URL: https://hal.archives-ouvertes.fr/hal-02454029.

[12] R. Eymard, C. Guichard and X. Lhébrard. ‘Convergence of numerical schemes for a conservation
equation with convection and degenerate diffusion’. In: Journal of Computational Mathematics
-International Edition- (2020). URL: https://hal.archives-ouvertes.fr/hal-01939144.

[13] M. J. Gander, F. Kwok and J. Salomon. ‘PARAOPT: A parareal algorithm for optimality systems’. In:
SIAM Journal on Scientific Computing 42.5 (17th Sept. 2020), A2773–A2802. DOI: 10.1137/19M129
2291. URL: https://hal.archives-ouvertes.fr/hal-02346535.

[14] E. Godlewski, M. Parisot, J. Sainte-Marie and F. Wahl. ‘Congested shallow water model: on floating
body’. In: SMAI Journal of Computational Mathematics (2021). URL: https://hal.inria.fr/ha
l-01871708.

[15] A. Lesieur, P. Aumond, V. Mallet and A. Can. ‘Meta-modeling for urban noise mapping’. In: Journal
of the Acoustical Society of America 148.6 (Dec. 2020), pp. 3671–3681. DOI: 10.1121/10.0002866.
URL: https://hal.inria.fr/hal-03141072.

Conferences without proceedings

[16] N. Sanchez-Pi, L. Marti, A. Abreu, O. Bernard, C. de Vargas, D. Eveillard, A. Maass, P. A. Marquet,
J. Sainte-Marie, J. Salomon, M. Schoenauer and M. Sebag. ‘Artificial Intelligence, Machine Learning
and Modeling for Understanding the Oceans and Climate Change’. In: NeurIPS 2020 Workshop -
Tackling Climate Change with Machine Learning. Santiago / Virtual, Chile, Dec. 2020. URL: https:
//hal.archives-ouvertes.fr/hal-03138712.
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Scientific book chapters

[17] C. Cancès, J. Droniou, C. Guichard, G. Manzini, M. Bastidas Olivares and I. S. Pop. ‘Error estimates
for the gradient discretisation of degenerate parabolic equation of porous medium type’. In: Poly-
hedral methods in geosciences. SEMA-SIMAI. 2021. URL: https://hal.archives-ouvertes.fr
/hal-02540067.
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[18] N. Aguillon and P.-A. Guiheneuf. Dynamical behavior of a nondiffusive scheme for the advection
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