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Position objectives

This position is a contribution to the ANR MUFFINS research project - MUIltiscale Flood Forecasting
with Innovative Solutions (https://anr.fr/Projet-ANR-21-CE04-0021), which deals with flash flood
forecasting. The main aim of the project is to develop integrated and continuous forecasting chains,
offering the ability to anticipate flows, inundated areas and impacts, and capable of covering and
transferring information between different scales of phenomena (from local surface water runoff up to
the overflooding of gauged or ungauged rivers), while taking advantage of innovative data (in situ or
remote sensing, measurements or proxies, ...). Particularly, this objective requires the development of
distributed hydrological models and fine-resolution hydraulic models, as well as their integration and
connection within flood forecasting chains.

The position is part of work package 3 of the project, aiming to discuss the methods developed and
their operational benefits with an end-user’s group, which includes operational flood forecasting centers
(SPCs), local authorities, etc.. The main objective of this WP is to illustrate and evaluate the methods
based on the reforecast of recent flood events which affected the study areas selected in the project
(Huveaune, Argens and Gapeau watersheds).

The aim of the work will be to produce the reforecasts of past events necessary for exchanges with the
end-user group, based on the flood forecasting approaches developed in the MUFFINS project. This
will involve applying different modelling chains, and reproducing the course of the studied events,
particularly the successive runs of forecasts and the times at which they could have been launched and
made available in a real-world situation. This work will require the handling of different modelling tools
developed by the project partners.

Planned activities

The case studies and events to be studied will be refined at the beginning of the contract, based on
exchanges with the project’s end-user’s group. The case studies will probably include the Huveaune
and Gapeau basins, and the objective will be to replay several flood events in each of these basins.
The reforecasts will have to illustrate the ability to anticipate floods and their impacts, at the scale of the
whole catchments, and to integrate in the forecast phenomena occurring at different scales, from local
surface water runoff up to the overflooding of main rivers as well as small ungauged streams.

The modelling chains to be applied will be based on the approaches already applied and tested as part
of the MUFFINS project’s PhDs and research contributions. Particularly, the first modelling chain to be
applied will combine :

- Short-range ensemble rainfall forecasts (+3h to +6h), provided with regular updates (15 min to
1h, see Godet et al., 2023). These products are provided by the Centre National de Recherche
Météorologique (CNRM). They are not all yet operational, so their time of release in real-life
situations will have to be estimated.
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- The SMASH hydrological model developed at INRAE
(https://smash.recover.inrae.fr/index.html), in a version including parameters regionalization
(Jay-Allemand et al., 2020; Colleoni et al., 2022; Huynh et al., 2023). The model will be applied
with a 1-kilometer resolution and a time step of 15min, using a pre-existing regional calibration
or through a specific calibration specific for the studied basins. It will be forced with the above-
mentioned rainfall ensemble forecasts to obtain hydrological ensembles of forecasts.

- A pre-existing library of flood scenarios (Nicolle et al., 2021, 2023; Nicolle & Payrastre, 2023),
produced with the Floodos 2D model (Davy et al., 2017; Hocini et al., 2021), and which currently
includes 8 flood scenarios for return periods ranging from 2 to 1000 years. This library will be
extended if necessary to extend or improve flood scenarios for instance based on unsteady
hydraulic models.

- A simple representation of impacts, which can be obtained through the simple counting of the
stakes present in the inundated areas, or through models enabling the valorisation of water
heights (e.g. for instance the Roadino method for the estimations of risks of road cuts, see
Osman, 2021).

This first modelling chain is the simplest that will be considered. It will enable to easily cover all the
watersheds concerned by the case studies. The chaining of models will follow the principles proposed
in Juliette Godet's PhD (in progress), particularly for the connection between the SMASH model
forecasts and inundation scenarios (Godet, Gaume, et al., 2023).

The evaluations of forecasts will focus on the capacity to correctly anticipate flow discharges,
inundations, water heights and damages observed. These evaluations will build on recent works
achieved at Université Gustave Eiffel, in the fields of evaluating discharge forecasts (M. Charpentier-
Noyer et al., 2023; Godet, Payrastre, et al., 2023), flooded areas and water heights (Hocini et al., 2021;
Hocini, 2022), or impacts (Le Bihan et al., 2017; Maryse Charpentier-Noyer, 2022). The assessment of
impacts will be adapted according to the data available for each of the studied events.

In a second phase, variants and/or improvements to the initial forecasting chain will be proposed and
tested, depending on the objectives defined by the end-user’s group, and the specific features of each
case study. The objectives may be, for example, to improve the anticipation, and/or to better describe
the inundations at specific scales (local runoff in urban areas, river overflow in complex confluence
sectors). These variants or improvements may include:

- alternative rainfall forecast products, enabling a better representation of uncertainties and/or
larger forecast ranges (up to 24 hours).

- improving the description of inundations in complex hydraulic sectors such as confluences, or
in impacts hotspots requiring a better accuracy. This could be achieved by increasing the
number of inundation scenarios integrated into the chain, or by running 2D unsteady hydraulic
models (Telemac 2D, DassFlow2D), or even machine learning models as surrogates (M.
Allabou's PhD) to directly retrieve the inundation patterns from flow forecasts.

- improving the description of inundations in upstream areas exposed to surface water flooding.
This could be achieved by using flood scenarios derived from 2D unsteady models directly run
with rainfall forcing (Cartino 2D approach based on Telemac 2D, Pons et al., 2021). Where
appropriate, this approach could be based on the methodological aspects defined in Akshay
Kowlesser's PhD (in progress), in terms of the number of scenarios and the way they are
integrated into the forecasting chain (recognition based on a sequence of forecast rainfall).

Skills required

Very good computing and programming skills, particularly R and Python languages (also if possible
C++, Fortran)

Experience in geographic information systems (GIS)

Experience or knowledge in rainfall-runoff hydrological modelling and hydraulic modelling.




Good relational skills and capacity of working in a team (multiple interactions with project contributors
and end-users group)

Thoroughness and adaptability
Writing skills

Good level in English, and French (if possible)

Education and experience

Initial master degree in applied mathematics, computer science, hydrology or hydraulics. A PhD
degree or an equivalent professional experience (1 to 4 years) would be appreciated.

Work conditions

The position is opened at Université Gustave Eiffel in the Laboratoire Eau Environement (LEE), which
is part of the GERS Department (geosciences). The LEE laboratory is located in Bouguenais, nearby
Nantes (44), France.

The lab currently employs 39 people, and its activities are focused on three main research topics: urban
water management and adaptation to global change; environmental assessment of urban soils and
recycled materials; hydrographic networks, flash floods and inundation risks.

Working time is 38.5 hours a week, with flexible working hours (badge system). A restaurant and sports
facilities are available on the campus.

Teleworking is possible for up to two days a week, and can be launched after an initial start period of
two months. Rights for annual leave include 25 days of vacation and 20 additional days of RTT (10 free
days and 10 days fixed by the university).

Some visits of a few days may be required to the MUFFINS partner laboratories (Inrae Aix en Provence,
Cerema Aix en Provence, IMT Toulouse) for training on the different modelling tools to be applied.

Applications, date of start and duration

Applications should be sent by the 9" of February 2024 at the latest, to the contacts below (CV
+ motivation letter). The start is expected in spring or summer 2024, for a period of 18 months.

Contacts

Olivier Payrastre, Université Gustave Eiffel, GERS-LEE (olivier.payrastre@univ-eiffel.fr) —
coordinator of WP3 in the MUFFINS project

Pierre Nicolle, Université Gustave Eiffel, GERS-LEE (pierre.nicolle @univ-eiffel.fr)

Pierre André Garambois, INRAE Recover (pierre.andre.garambois@inrae.fr) — main coordinator of
MUFFINS project

Pierre Javelle, INRAE Recover (pierre.javelle@inrae.fr)
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