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(...) Les choses ne sont pas toujours conformes aux apparences. Par exemple, l'homme a toujours considéré qu'il était plus intelligent que les dauphins sous prétexte qu'il avait inventé toutes sortes de choses (...). Réciproquement, les dauphins s'étaient toujours crus bien plus intelligents que les hommes -et précisément pour les mêmes raisons.

Tout ce qui existe dans le monde à votre naissance semble normal et ordinaire (...). Tout ce qui est inventé entre vos 15 et 35 ans semble nouveau, excitant et révolutionnaire. Tout ce qui est inventé après vos 35 ans vous semble aller à l'encontre de l'ordre naturel des choses.

Votre point de vue influence votre jugement. Apprenez à prendre du recul et à appréhender chaque problème sous de nombreux angles pour faire des choix judicieux dans votre vie future... et rester jeunes et réceptives ! 0.2. PRÉAMBULE 5

Préambule

Dans la suite de ce manuscrit, deux langues différentes ont été utilisées. Le chapitre 1 définissant le cadre dans lequel ces recherches ont lieu est en français. Cette partie comporte en effet de nombreux acronymes et des présentations de cadre programmatique et contextuel spécifique à la France. Les chapitres suivants, traitant des différents résultats scientifiques obtenus ou de futurs projets de recherche sont en anglais. Le but est de permettre une diffusion de ces travaux au plus grand nombre, notamment aux étudiants étrangers que j'encadrerai dans le futur. 0.3. RÉSUMÉ 7 0.3 Résumé La prévision des impacts du changement global sur les environnements côtiers est un sujet de recherche essentiel en raison des difficultés à observer, comprendre et modéliser les processus physiques importants à diverses échelles spatiales et temporelles. La connaissance des modifications du littoral et des risques d'inondation et d'érosion côtière qui y sont associés revêt une importance sociétale particulière pour les pays ayant un littoral étendu et ces risques devraient s'accroître avec le changement climatique futur. La grande question qui a motivé mes recherches jusqu'à aujourd'hui est la prédiction de la variabilité des littoraux. Différentes échelles de temps et d'espace ont été abordées au travers de mes travaux : de l'échelle du grain à l'échelle d'une plage, sur des échelles temporelles allant du passage d'une vague à plusieurs années. Différents environnements ont été étudiés : des plages macrotidales aux récifs frangeants. En 8 années, les thèmes d'expertise que j'ai développés sont donc l'influence du type de fond sur les processus hydrodynamiques et le transport, l'influence du niveau d'eau en zone méso à macrotidale et l'apport des mesures acoustiques pour la quantification du transport sédimentaire. Le premier axe traité porte sur l'évolution des plages sableuses à des échelles pluriannuelles et la prédiction de leur évolution future. Nos recherches ont permis d'adapter les modèles basés sur les profils d'équilibre de plage à des environnements en zone méso à macrotidale et d'améliorer la prédiction de la variabilité saisonnière de plage. Ces modèles sont dits empiriques et se basent sur les données issues des Services Nationaux d'Observation, auxquels nous participons activement. Alors que le processus d'érosion semble bien modélisé, l'accrétion (le retour du sable sur la plage) semble toujours mal quantifiée, et difficile à appréhender. Les forçages hydrodynamiques à l'oeuvre sont variés, et sont le sujet du second thème abordé. Les niveaux d'eaux à la côte, la propagation et la transformation de la houle en zone littorale sont observés et étudiés sur des plages macrotidales et un récif frangeant. La pente locale et la rugosité du fond sont montrées être des paramètres essentiels à considérer. La dynamique sédimentaire qui va en résulter reste mal comprise de nos jours faute de quantification suffisamment précise et résolue. L'originalité des travaux, présentés dans un troisième axe, réside alors dans l'amélioration des méthodes de traitement de données acoustiques conduisant à la quantification et la caractérisation de sédiments en suspension. Le charriage est également abordé dans des environnements soumis à des courants tidaux extrêmes. L'accrétion des plages sera enfin au coeur d'un projet à venir, décrit dans le dernier chapitre, basé sur la compréhension du transport sous les vagues et appliquant nos avancées en observation, alliée à la compréhension de processus hydrodynamiques fine échelle utilisant une modélisation principalement basée sur le processus. Mes travaux futurs porteront également sur l'influence de la morphodynamique de plages sur le rejet de polluants ou de silicium dissous dans l'océan. 

Introduction

La prévision des impacts du changement global sur les environnements côtiers reste un sujet de recherche essentiel en raison des difficultés à observer, comprendre et modéliser les processus physiques importants à diverses échelles spatiales et temporelles. La connaissance des modifications du littoral et des risques d'inondation et d'érosion côtière qui y sont associés revêt une importance sociétale particulière pour les pays ayant un littoral étendu, comme la France, et ces risques devraient s'accroître avec le changement climatique futur. Le littoral est une zone à fort enjeu économique et social, avec, par exemple en Europe, entre 500 et 1 000 milliards d'euros qui sont investis annuellement dans la bande littorale des 500 mètres, et 16% de la population européenne vivant dans une commune côtière (70 millions de personnes) 1 . C'est un environnement très dynamique, en constante évolution, soumis aux forçages météo-marins et anthropiques (aux vents, aux vagues, aux courants et aux Hommes). Ces forçages engendrent des modifications majeures de l'environnement côtier, perturbant les socio-écosystèmes qui y sont liés.

En 2004, l'étude EUROSION1 lancée à l'échelle européenne par la commission européenne a montré que 20% des côtes de l'Union Européenne sont affectées par l'érosion (20 000 km). En Afrique de l'Ouest, chaque année, ce sont environ 500 000 personnes qui sont touchées par l'impact des inondations et par l'aggravation de l'érosion des côtes, avec des pertes économiques estimées à plus de 5% des PIB nationaux [START_REF] Croitoru | The cost of coastal zone degradation in west Africa : Benin, Cote d'ivoire, Senegal and Togo[END_REF]. À certains endroits, l'érosion atteint 10 m/an. A l'échelle mondiale, [START_REF] Luijendijk | The state of the world's beaches[END_REF] a identifié à partir d'images satellite que 31% du littoral libre de glace est composé de sable et que, sur une période de 33 ans (1984-2017), 24% des plages du monde s'érodent à des taux dépassant 0,5 m/an (tandis que 28% s'accroissent et 48% restent stables), en majorité dans des zones marines protégées. [START_REF] Mentaschi | Global long-term observations of coastal erosion and accretion[END_REF] a également montré à l'échelle mondiale que 28 000 km 2 avaient été perdus, et que deux fois moins de surface avait été gagnée sur la mer, mettant en cause les constructions anthropiques et les événements extrêmes. Comprendre comment cet environnement évolue est une étape essentielle pour contribuer à sa durabilité (Objectifs de Développement Durable 11 et 15 notamment 2 ). Il est nécessaire de pouvoir prédire les flux sédimentaires responsables des variations morphologiques des côtes.

Physiquement, en présence d'un écoulement, un milieu granulaire tel qu'une plage va être modifié, conséquence des flux sédimentaires induits. Les lois de la mécanique régissent le déplacement des particules d'eau et des sédiments. Bien que connues, ces lois ne peuvent être appliquées pour modéliser l'évolution d'une plage jusqu'à l'échelle du grain faute de capacité de calcul. Nous sommes obligés
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de tenter de percer les mystères de la nature via des mesures in-situ et des moyens détournés... Dans ce contexte, mon parcours de recherche, qui combine mécanique des fluides et océanographie physique, regroupe un ensemble de projets scientifiques assez variés ayant pour objectif global de contribuer à la prédiction de la variabilité du trait de côte. Ma démarche scientifique allie différentes approches, s'appuyant à la fois sur des mesures de terrain et de la modélisation numérique, et quelques expériences en laboratoire. Il est également important de collaborer, de partager nos méthodes, nos connaissances à toutes les échelles : régionale via les Ecoles Universitaire de Recherche, nationale via les Service Nationaux d'Observation et Infrastructures de Recherche qui nous permettent d'avoir des interactions avec l'ensemble de la communauté nationale et d'harmoniser les traitements de données, et internationale via des collaborations sur projet. Je m'investis dans ces différentes sphères en espérant que nos avancées puissent servir à un meilleur futur.

Chapitre 1 Contexte

Qualifiée pour les concours de Maître de conférence en section 37 (Océanographie Physique) et 60 (Mécanique des Fluides), j'ai été recrutée en 2012 sur un poste section 35-36 (Sciences de la Terre) au département Sciences de la Terre et de l'Univers (STU) de l'Université de Bretagne Occidentale (UBO) au sein du laboratoire Géosciences Océan (GO) -Unité Mixte de Recherche (UMR) 6538 de l'Institut Universitaire Européen de la Mer (IUEM). L'IUEM est un organisme pluridisciplinaire qui existe depuis 20 ans, dans le domaine des sciences de la mer et du littoral dont les activités sont centrées autour de 3 missions : la recherche, la formation et l'observation. L'IUEM est une école interne de l'UBO, il héberge le master Sciences de la Mer et du Littoral qui contient 8 parcours, à l'image des différentes disciplines des laboratoires de l'institut. L'IUEM est également un Observatoire des Sciences de l'Univers (OSU), gérant plusieurs Services Nationaux et Internationaux d'Observation. Je fais partie de l'équipe DynELi, DYNamique des Environnements LIttoraux, comprenant un professeur, 4 maître de conférences (de l'UBO et de l'UBS), un chercheur, deux chercheurs associés (FEM et Shom) et plusieurs ingénieurs. Cette équipe a été créée en 2015. Nous fonctionnons tous ensemble, dans un but commun, la compréhension des environnements littoraux via des disciplines telles que la physique, la géomorphologie, la sédimentologie, et la paléontologie. Je travaille au jour le jour avec N. Le Dantec, C. Delacourt, M. Sedrati (UBS), M. Jaud, E. Augereau, J. Ammann et C. Prunier. Nous travaillons étroitement avec les collègues géographes du LETG Brest (pour ma part, surtout avec S. Suanez) qui ont mis en place les premières séries d'observation sur les plages. Ce contexte est très favorable au développement d'une carrière de recherche à l'interface terre-mer, nécessitant de nombreuses connaissances/compétences dans des disciplines variées pour répondre aux défis sociétaux de la durabilité des systèmes littoraux. 14 CHAPITRE 1. CONTEXTE

Enseignement

Ma première contribution dans le département Sciences de la Terre et de l'Univers de l'UBO et dans le master Géosciences Océan de l'IUEM a été d'apporter davantage d'hydrodynamique dans les cours de Dynamique Sédimentaire. Durant mes premières années de présence, le constat a également été fait avec d'autres collègues géophysiciens du manque de bases mathématiques de nos étudiants. Il semble clair que pour aborder des problématiques de géophysique ou de dynamique hydrosédimentaires en Master, les étudiants doivent avoir des bases pluridisciplinaires : géologie, physique et des fondamentaux de mathématiques. La physique va permettre aux futurs ingénieurs travaillant sur le littoral d'aborder des modélisations, de comprendre comment elles sont réalisées, pouvoir les critiquer et être capable de prédire l'évolution des côtes. La nouvelle maquette mise en place en 2015 a permis de pallier ces manques et de réfléchir davantage en terme de compétences de nos étudiants à la sortie de nos formations, qu'en terme de connaissance. J'ai par exemple pris en charge un cours de méthodes numériques en Master 1, se focalisant sur les différences finies, avec comme compétences visées que chaque étudiant soit capable de résoudre une équation différentielle numériquement en faisant des choix pertinents de schémas numériques en fonction de l'incertitude attendue. Je me suis également impliquée dans différentes initiatives de montage de formation innovantes ou de transfert de connaissances à la société civile.

Le montage d'une formation doit se faire en lien avec une ou des fiches "métier", que ce soit au niveau Licence ou au niveau Master. Dans le cadre du format LMD de nos formations, la Licence devrait pouvoir conduire au monde professionnel car 1/ tous nos étudiants ne se destinent pas à être ingénieur et 2/ une sélection existe au niveau Master. A mon sens, l'aspect professionnalisant de nos licences est important. Il faut viser un métier ou un secteur d'activité permettant à nos étudiants de choisir librement entre poursuite d'étude et vie professionnelle. Pour répondre à ce besoin, un ensemble de compétences précises à acquérir doit être formulé en accord avec des professionnels du secteur visé. Il faut ensuite s'adapter au fil des nouvelles maquettes aux nouveaux besoins en s'appuyant sur les conclusions des conseils de perfectionnement annuels, intégrant des professionnels des secteurs visés. Construire une formation de cette manière permet également de motiver davantage nos étudiants qui sont d'autant plus conscients de l'objectif de chaque Unité d'Enseignement.

CHAPITRE 1. CONTEXTE Chimie de l'environnement de l'IUEM, Ingénieurie et gestion des ressources en zones côtières ou Gestion de l'environnement littorale (UBS) selon les bases disciplinaires acquises avant la formation) ou à l'ENSTA-Bretagne sur dossier. Chaque année, 2 étudiants bénéficient de cette passerelle pour l'ENSTA-Bretagne. Côté débouchés professionnels, chaque étudiant qui a souhaité entrer dans la vie active a trouvé un emploi directement en sortie de formation (CDD et CDI confondus). La plupart (60%) continuent ensuite en Master.

Cette formation démontre que la motivation des étudiants et leur réussite scolaire sont intimement liées. En effet, les étudiants militaires intégrés dans la formation, qui ont quitté le milieu académique depuis plusieurs années, réussissent très bien dans la formation, et la plupart du temps mieux que des étudiants sortant de L2. Raison probable : la motivation. Ces étudiants ont un emploi, ils savent pourquoi ils travaillent, ils comprennent pourquoi ils ont besoin de ces connaissances et compétences. Nous avons aussi vu des étudiants de niveau faible en L2 avoir de très bons résultats dans notre formation car ils avaient comme ambition d'entrer dans la vie active ensuite. Ils avaient un but. Question : quel objectif se donnent nos étudiants de licence et master ? Pourquoi nos collègues en fin de carrière notent (qualitativement) un manque de motivation et d'intérêt des étudiants actuels ? Au-delà d'un problème de société où le plein emploi n'est pas assuré, que pouvons-nous faire à notre échelle d'enseignantchercheur en université pour redonner goût à l'apprentissage à nos étudiants, leur donner envie ? Ces questions sont à la base de mes ambitions de construction de formation futures. Il n'y a pas UNE réponse ; la communauté universitaire a DES réponses intéressantes qu'il faut exploiter davantage : viser un/des métiers et donc construire les formations sur des compétences claires, s'adapter aux étudiants actuels et aux nouvelles méthodes numériques en changeant nos pratiques (vidéo résumé des cours fondamentaux en amont des cours, classes inversées, fonctionnement en mode projet), impliquer davantage les étudiants dans l'enseignement en général, qu'ils deviennent acteurs de leur formation. Je mets par exemple à disposition des étudiants des vidéos commentées de corrections d'exercices fait en classe, ce qui a permis d'augmenter les notes aux examens de fin de semestre.

Cependant, à l'inverse d'une école d'ingénieurs comme l'ENSTA-Bretagne, l'université manque de souplesse et de moyens pour pouvoir décider de mettre les ressources humaines nécessaires au maintien d'une formation même si celle-ci est à fort débouchés, et pourrait lui permettre d'obtenir une renommée intéressante. La formation L3 STU Hydrographie Shom repose sur l'expertise en hydrographie d'une équipe de recherche et également sur les ingénieurs qui la composent. Ces ingénieurs sont employés en contrat temporaire pour des durées limitées. Malgré la reconnaissance du besoin, aucun poste n'a pu être ouvert sur ce profil. La perte en compétences hydrographiques de l'équipe sera importante quand les contrats temporaires seront terminés (contrat essentiellement sur des crédits recherche ou ressources propres du laboratoire) et la formation y perdra. Comment évaluer les formations universitaires et leur durabilité afin de soutenir les formations pertinentes ? Comment éviter d'imposer à toutes les formations de réduire sans cesse leur nombre d'heures enseignées par an faute de moyens à l'université ? Ceci se faisant de plus sans aucune contrepartie pour les étudiants, qui ne se rendent pas compte qu'ils auront dans les prochaines années des diplômes au rabais. J'ai participé aux débats autour de la soutenabilité de l'offre de formation de l'UBO au sein du Conseil d'Administration, où j'ai siégé durant un mandat (2014)(2015)(2016)(2017)(2018)(2019). Le coût des formations associé à leur taux d'embauche ou débouchés sont deux critères fondamentaux à prendre en compte, associé au fait que la formation est un attracteur au niveau national voire international. Dans le cadre de la formation L3 STU Hydrographie Shom, le coût pour l'UBO se réduit pour l'instant au coût RH pour assurer 30% des heures d'enseignements. Le nombre d'étudiants est limité à 15 pour des raisons logistiques, mais le recrutement se fait au-delà des frontières de la région, ce qui est positif. Le coût s'élève donc à 650 euros par élèves (en comptant 40 euros l'heure équivalent TD). A cela s'ajoute les frais d'impression, de logistique et de fonctionnement. L'ensemble de l'instrumentation nécessaire à cette formation a pour l'instant été acquis sur des crédits région CPER. L'évaluation de la soutenabilité de nos formations est une étape essentielle qui pourrait permettre de soutenir pleinement certaines formations et d'aider d'autres formations à se transformer, à s'adapter.

Pour favoriser l'employabilité de nos étudiants, le lien avec le monde socioéconomique est primordial. Je me suis par exemple impliquée dans l'initiative Alloha, co-porté par le LabexMer et le Pôle Mer Bretagne Atlantique (pôle de compétitivité d'entreprises locales) qui constituait un point d'étape avant de construire le ISblue Hub dans le cadre de l'EUR ISblue. Le Labex Mer (2009-2019) et l'EUR ISblue (2019-2029) sont des projets obtenus par l'IUEM. Ce sont des dispositifs mis en place par le gouvernement dans le cadre des Plan d'Investissements d'Avenir (PIA) permettant d'avoir des ressources assurées pour la recherche, et également pour la formation, pendant 10 ans. L'objectif d'Alloha et nouvellement du ISblue Hub, est d'améliorer l'employabilité des étudiants, en les familiarisant avec la culture non universitaire, en lien avec le monde socioéconomique. Le but est de leur proposer des activités orientées vers des projets proposés par des entreprises, des associations ou par eux-même, des mobilités à court terme (jusqu'à 3 mois) de doctorants et de post-doctorants dans les entreprises pour mener un projet spécifique. Ce type d'initiative est fructueux, même si elle ne touche pas tous les étudiants. Certains d'entre eux peuvent avoir des idées, nous devons les soutenir et les aider à concrétiser leurs souhaits. De nombreuses voies existent, à l'échelle nationale ou internationale. Comme Enactus, la plus grande plateforme d'apprentissage expérientiel au monde dédiée à la création d'un monde meilleur, plus durable, tout en développant la prochaine génération de leaders entrepreneuriaux et d'innovateurs sociaux. Nous devons donner à nos étudiants universitaires la possibilité de participer à un tel mouvement, mieux utilisé par les étudiants des écoles d'ingénieurs en général.

CHAPITRE 1. CONTEXTE Au-delà des formations "classiques" fondamentales visant un public d'étudiants, les formations continues à destination des adultes, professionnels, enseignants, journalistes, permettent une diffusion du savoir au plus grand nombre. J'ai par exemple coordonné pendant 3 ans l'Université d'Eté Mer Education, financée en partie par le Labex MER et soutenu par Océanopolis, ayant lieu tous les ans, portant sur des sujets Sciences & Société, à destination des enseignants du second degré de toutes disciplines. Les objectifs étaient de participer à la formation des enseignants du secondaire, de contribuer à développer le lien entre les lycées et l'université et d'accroître la visibilité de l'excellence bretonne en matière de recherche en sciences marines et côtières, que ce soit en sciences de la nature ou en sciences humaines et sociales. Mon rôle consistait à définir le thème de l'année en lien avec des projets de recherche existants à l'IUEM, à définir trois parcours, à trouver des coordinateurs et intervenants pour chaque parcours et à trouver des personnalités extérieures pouvant apporter des éléments de débat sur chaque thème, avec l'aide d'une ingénieure en médiation scientifique. La semaine commence par une journée d'introduction et de problématisation. Nous avons par exemple reçu en 2015, sur le thème "Nourrir l'humanité", Philippe Gros, de la direction scientifique de l'Ifremer, en animateur de débat face à Alain Sann, du collectif Pêche et Développement, Pr Yue-Yue, anthropologue spécialiste des pêches et deux professeurs en économies du laboratoire AMURE. En 2016, sur le thème "Océan et Société : Energies Marines", le débat a beaucoup tourné autour de la stratégie nationale en terme d'EMR et de leur impact environnemental, faisant intervenir Christophe Le Visage, expert en stratégies et politiques maritimes et littorales, Jean-Philippe Pagot, EDF-EN, Antoine Libaux, EDF, Jean-François Daviau, Président de la société Sabella SAS, Philippe Le Niliot, du Parc Naturel Marin d'Iroise et Antoine Carlier, Chercheur Ifremer. Durant les deux journées suivantes, les enseignants sont divisés en trois parcours, selon le sujet plus précis qu'ils souhaitent aborder. En 2017, j'ai pris en charge un parcours de formation. En effet le thème de l'année était "L'Homme entre Terre et Mer". Le parcours que j'ai monté s'intitulait "Le littoral, un espace naturel façonné par l'Homme". Les parcours sont constitués de cours fondamentaux, de terrain, de TD et de TP. Par exemple, dans mon parcours, après une présentation des aspects géologiques, géomorphologiques des côtes ainsi que des principaux processus hydrosédimentaires littoraux, des mesures DGPS et drône de traît de côte avaient été réalisées avec les participants, puis traitement en salle et présentation des données mises à disposition par les différentes institutions et comment les récupérer. Ainsi le dernier jour, les enseignants peuvent commencer à envisager des projets pluridisciplinaires avec leur collègues, utilisant les différentes connaissances et ressources que nous leur avons exposées. Cette expérience m'a permis d'appréhender de manière globale les problématiques abordées à l'IUEM et de mieux cerner les enjeux de chaque domaine. Cela permet également de mettre encore une fois en lumière l'apport de la pluridisciplinarité sur des sujets de société, et donc l'intérêt de l'existence d'instituts tels que l'IUEM. Aujourd'hui un dispositif supplémentaire existe, Mer & Journalisme, permettant de diffuser le savoir en lien avec la 

Organisation de la recherche

Le métier d'enseignant-chercheur combine de l'enseignement et de la recherche (Fig. 1.2). Mais pas seulement de la recherche scientifique. C'est aussi de la recherche de financement, de collaborations, de postes (pour avoir des collaborateurs), de soutiens, etc. En effet, on ne fait pas de la science seul, sans budget et sans le soutien de ses pairs (ou alors très difficilement). Il faut donc au départ collaborer sur des projets portés par des collègues afin, dans un second temps, de lancer ses propres projets et obtenir des fonds. Depuis mon arrivée au LGO, j'ai eu l'opportunité de collaborer sur de nombreux projets, me permettant d'explorer la thématique de la dynamique littorale sous de nombreux angles. Arrivant dans une spécialité nouvelle pour moi et mon laboratoire, et récente en France, il y avait beaucoup de choses dans lesquelles s'investir.

En effet, même si aux Etats-Unis et aux Pays-Bas, l'étude de la dynamique côtière est depuis 70-50 ans un domaine particulier exploité par des physiciens mécaniciens des fluides, océanographes, mathématiciens et geophysiciens [START_REF] Shepard | Nearshore water circulation related to bottom topography and wave refraction[END_REF][START_REF] Longuet-Higgins | On the statisticaldistribution of the height of sea waves[END_REF][START_REF] Inman | Areal and seasonal variations in beach and nearshore sediments at la jolla, california[END_REF][START_REF] Singamsetti | Characteristics of breaking and shoaling periodic waves normally incident on to plane beaches of constant slope[END_REF][START_REF] Stive | A study of radiation stress and set-up in the nearshore region[END_REF], en France ce n'est que récemment (de l'ordre d'une vingtaine d'années) que les physiciens s'y attellent [START_REF] Vincent | Numerical modelling of bore propagation and run-up on sloping beaches using a maccormack tvd scheme[END_REF][START_REF] Senechal | Observation of irregular wave transformation in the surf zone over a gently slopping sandy beach[END_REF][START_REF] Bonneton | A note on wave propagation in the inner surf zones[END_REF][START_REF] Michallet | Evolution d'une barre sableuse sous un courant permanent, 7es Journées Génie Côtier[END_REF]. Le sujet est vaste, mixant plusieurs disciplines : physique des milieux granulaires pour l'étude de la mobilité du sédiment, mécanique du solide pour l'étude du charriage de sédiments grossiers ou encore de la fracturation des falaises, physique des ondes pour l'étude de la propagation et transformation des vagues en milieu littoral, hydrodynamique pour l'étude des courants, mécanique des fluides fine échelle (couche limite turbulente) pour l'étude de l'interface eau-sédiment, sans parler de l'aspect instrumentation, très spécifique, à maîtriser dans un environnement très énergétique, où se mélangent des bulles d'air, des sédiments et de l'eau. Ces différentes disciplines se complètent autour d'un même objet, le littoral et la compréhension de sa mobilité. A l'image de l'IUEM, institut pluridisciplinaire se concentrant sur la mer, les collaborations entre les disciplines permettent aux chercheurs de s'enrichir et d'étendre leur compréhension de l'objet, et d'adapter/améliorer/enrichir leur façon de l'étudier.

Dans la région brestoise, le littoral est présent dans de nombreuses structures à différentes finalités que ce soit des EPST 4 (UBO -GO (laboratoire de Géosciences), LETG (laboratoire de géographie), LOPS (laboratoire d'Océanographie), ENSTA-Bretagne, Ecole Navale, CNRS, IRD), EPIC 5 (Ifremer DY-NECO (labo de dynamique côtière, surtout biologique), ITE 6 (FEM) ou même EPA 7 (Shom -instrumentation et sédimentologie, CEREMA). Ces différents organismes s'intéressent à cet objet pour différentes finalités : commerciale, diffusion de savoirs, données, recherche, transition énergétique, appui aux puissances publiques. Dans chacune de ces entités, des chercheurs travaillent par groupes de 2 ou 3 maximum sur des thématiques en lien avec ce qu'on appellera pas la suite la physique du littoral. En 2012, le constat était un besoin de regroupement afin de partager nos connaissances, échanger nos savoir-faire et faire collaborer les différentes disciplines s'intéressant à la zone littorale pour faire progresser la thématique. J'ai proposé la formation du Groupe Littoral. Une quarantaine de chercheurs, post-docs, doctorants et stagiaires ont souhaité y participer. Ces personnes dépendent des différents organismes et écoles susmentionnées. A l'instar des séminaires de laboratoires, le Groupe Littoral a consisté en un séminaire bi-mensuel entre avril 2015 et fin 2018. Les membres du groupe étaient invités à échanger à la suite d'un séminaire sur un des thèmes de recherche majeurs de notre communauté. Les intervenants étaient soit des membres du groupe, soit des chercheurs invités. Les thèmes pouvaient être soit méthodologiques (afin d'améliorer le partage de bonnes pratiques entre les partenaires, et d'intégrer les ingénieurs des équipes), soit scientifiques. Enfin, la plupart des partenaires du groupe littoral sont regroupés depuis 2019 au sein du thème 3 de l'EUR ISblue 8 portant sur la Durabilité des Systèmes Côtiers. J'ai la chance de coordonner ce thème qui rassemble environ 150 chercheurs et enseignant-chercheurs des différents partenaires de l'EUR. Les questions scientifiques portées par ce thème concernent les conséquences de l'élévation du niveau de la mer et des événements extrêmes sur la morphodynamique côtière, la pollution des eaux côtières, l'évolution des écosystèmes côtiers, les activités humaines et les solutions techniques permettant de minimiser leur impact ou de restaurer les environnements côtiers. Ces questions sont directement ou indirectement liées les unes aux autres et ont toutes un impact sur l'économie et les lois locales, en lien avec le concept de gestion intégrée des zones côtières (GIZC).

La grande question qui motive mes recherche est la prédiction de la variabilité des littoraux. Etre capable de prédire signifie comprendre et maîtriser les principes physiques générant les processus morphogènes. En Sciences de la Terre, comprendre, c'est d'abord observer. En combinant des observations répétées à des expériences en laboratoire et à des développements théoriques, on accède à une compréhension globale du processus. Dans le cadre de l'OSU IUEM, nous avons accès à une quantité importante de moyens de mesure et de données, l'observation est un des axes majeurs de notre institut et donc de nos recherches. Je pars donc de l'observation pour comprendre, afin d'être ensuite capable de prédire. Mes recherches se situent entre la recherche fondamentale (observer pour comprendre) et la recherche appliquée (amélioration des prédictions en appui aux puissances publiques).

La méthode de prédiction va dépendre de l'étendue spatiale et de la durée de prédiction souhaitée :

-pour une prédiction décennale d'un profil de plage, une modélisation empirique (calibrée sur des observations répétées) de profil d'équilibre de plage ; -pour une prédiction journalière, une modélisation numérique basée en partie sur le processus et sur des formulations empiriques pour les processus plus fins ; -pour l'étude d'un processus à l'échelle d'une vague par exemple, une modélisation numérique basée sur les processus physiques jusqu'aux échelles turbulentes (type RANSE ou LES). J'ai regroupé quelques processus que j'ai étudié dans la figure 1.2 pour schématiser ce propos. Ma thèse et mon post-doctorat ont consisté à intégrer de nouveaux processus dans des modèles numériques existants (et à résoudre les problèmes de mathématiques appliqués induits). A partir des failles des modèles existants, il est possible de mettre en avant les verrous à explorer. Si un processus n'est pas correctement modélisé, cela signifie qu'il est mal compris. Dans le cadre de mes travaux de recherche, je contribue à l'amélioration des modélisations notamment par des observations, conduisant à une meilleure compréhension du processus naturel.

Le premier axe de mes recherches porte donc sur la compréhension/prédiction de la morphodynamique des plages à partir des données pluriannuelles issues des CHAPITRE 1. CONTEXTE observatoires, plus précisément du Service National d'Observation DYNALIT de l'Infrastructure de Recherche ILICO 9 : comment évoluent les plages sableuses à des échelles pluriannuelles et peut-on prédire leur évolution future. Les bases de données des SNO apportent des éléments de réponses : elles permettent de faire le lien entre les forçages naturels et la variabilité des côtes, de comparer les variabilités d'un site à l'autre et de calibrer des modélisations empiriques de profil d'équilibre de plage à des fins de prédiction.

La variabilité observée est la réponse à un forçage hydrodynamique sur le sédiment. Le second axe de mes recherches porte donc sur les processus hydrodynamiques côtiers et littoraux : quels sont les mécanismes conduisant à un écoulement/cisaillement permettant la mise en mouvement du sédiment. Les équations régissant un milieu fluide telle que l'eau de mer sont connues, et beaucoup de moyens de mesure existent actuellement pour mesurer une vitesse dans la colonne d'eau, conduisant à une bonne compréhension et une modélisation correcte de beaucoup de processus hydrodynamiques. De ce fait, la modélisation numérique hydrodynamique est actuellement utilisée pour spatialiser la donnée, étendre les gammes de paramètres pour aboutir à une maîtrise du processus et à des formulations simplifiées utilisées dans des modèles moins coûteux en temps de calcul, conduisant à des prédictions sur des temps plus longs.

Une fois le sédiment mobilisé, il va se mettre en mouvement créant un flux sédimentaire. Les processus hydrosédimentaires sont en partie compris mais restent mal maîtrisés. La quantification de flux sédimentaires est majoritairement basée sur des formulations empiriques dont les gammes de validité sont mal connues. Beaucoup de questions restent en suspend du fait d'un manque d'observations fiables. Le troisième axe de mes recherches portent donc sur la quantification du transport sédimentaire : quelles méthodes de mesure et quelles incertitudes associées. Ma première partie de carrière a permis de faire des progrès notables sur ce dernier axe notamment et ma deuxième partie de carrière va commencer par un projet basé sur la compréhension du transport sous les vagues appliquant nos avancées en observation, alliée à la compréhension de processus hydrodynamiques fine échelle utilisant une modélisation principalement basée sur le processus, sur un mécanisme qui est mal maîtrisé : l'accrétion des plages.

Les prochains chapitres apporteront des éléments de réponses aux trois questions posées. Nous partirons d'une échelle spatio-temporelle large, la morphodynamique pluridécennale des plages sableuses à l'échelle de l'Atlantique Nord, jusqu'à la variabilité journalière d'une plage particulière (Chapitre 2). Le constat étant que nous avons besoin des processus pour appréhender plus finement les variabilités observées, différentes études portant sur les principaux processus hydrodynamiques morphogènes seront détaillées (Chapitre 3). Une fois le(s) processus hydrodynamique(s) connu(s), il faut y associer des mesures de volume/concentration 9. www.dynalit.fr Chapitre 2

Sandy beach morphodynamics

The sandy beach morphodynamics is a science at the interface of many disciplines : granular physics, sedimentology, geology, geomorphology, geography, fluid dynamics, wave dynamics... I have made the choice to describe my research beginning by geomorphologist approach with larger spatial and temporal scale and pursue by physical approach, focusing more and more on specific processes (leading to reduced spatial and temporal scales).

Importance of long-term survey : example of the Brittany Coast

Long-term survey is of great importance to characterize the state and the dynamics of our coastline over decades, and to test our ability to predict their evolution, giving access to quantitative eroded or accreted volume. Scientists in charge of these surveys follow the same overall objective of understanding coastline behavior in order to predict it. They are gathered in DYNALIT, a National Observation Service labeled by INSU (National Institute of Sciences of the Universe) focusing on the study of the coastline dynamics. Led by researchers, DY-NALIT manages long-term dataset collection in a FAIR 1 initiative over 36 study sites (sandy coasts, cliffs, estuaries) widespread over the whole French coastlines. In addition, since 2015, DYNALIT has partnered with other observation networks to form the ILICO Research Infrastructure. DYNALIT thus contributes to understand coastal and marine ecosystems through a multidisciplinary approach within ILICO. The common effort has led the community to share knowledge, good practice, and a special issue of Journal of Coastal Research in order to demonstrate the state of each french region coastline. Our team has participated to [START_REF] Stéphan | Long, Medium, and Short-term Shoreline Dynamics of the Brittany Coast (Western France)[END_REF] work, managing Porsmilin beach dataset. This paper analyzes the shoreline changes of sandy and gravel beaches/barriers of Brittany (Western France) on long, medium, and short term observations. Long-term means here 60 years, according to aerial photographies from the 50's and 2010's. Medium means multiyear and is related to aerial photos taken each five years over 60 years on 5 study sites. Short term is related in this study to long-term monthly field topo-morphological survey, conducted in the framework of DYNA-LIT, giving quantitative eroded or accreted volume, over 20 years maximum over 11 study sites.

Over the last 60 years, on a total of 652 beaches, 35% is in erosion, 38% is stable (showing less than 2.5 m of variation between the two pictures, 2.5 m being the uncertainty of the method), and 27% are in accretion. In detail, these percentages vary significantly according to the beach/barrier morphologies (spits vs pocket beaches), sediment composition (sandy vs gravelly), and hydrodynamic context (exposed vs sheltered). Having a closer look to the evolution between these two snapshots on 5 sites highlights that the evolution is not linear but is composed of an alternation of significant erosion-and accretion-dominated periods, with six main erosion-dominated period (i.e., periods 1962-1968, 1977-1978, 1980-1985, 1987-1990, 1993-1997, and 2013-2014). [START_REF] Stéphan | Long, Medium, and Short-term Shoreline Dynamics of the Brittany Coast (Western France)[END_REF] have related these periods to an increase in the frequency of extreme water levels associated with storm events. This is also highlighted via the field topo-morphological measurements. According to monthly data, five morphogenetic events associated to significant storms are detected : 1998[START_REF] Sallenger | Storm impact scale for barrier islands[END_REF](storms Lothar and Martin in December 1999), 2008(storm Johanna on March 10, 2008), the winter of 2013-2014 (a cluster of storms in January, February, and March 2014), 2016 (storm Ruzica/Imogen on February 8, 2016) and 2018 (storm Eleanor on January 2, 2018). A relevant recovery phase, which took place between 2008 and 2012 due to the calm and cold winters, was also observed.

The impact of storm is thus undeniable as the most energetic events occurring and impacting coastline, they bring the required energy to geomorph the landscape by displacing the sediment and even by breaking natural or anthropic structures (dunes, cliffs, harbors...). Climate models predict increased storminess in the northeast Atlantic due to the eastward extension of the North Atlantic storm track with potential implications for the wave conditions along the Atlantic coast of Europe [Masselink et al., 2016]. [START_REF] Feser | Storminess over the north atlantic and northwestern europe-a review[END_REF] concluded in an extensive review of storm studies over the North Atlantic and northwestern Europe that future scenarios until about the year 2100 indicate mostly an increase in winter storm intensity but that future trends in total storm number are quite heterogeneous and depend on the model that is used. [START_REF] Mentaschi | Global changes of extreme coastal wave energy fluxes triggered by intensified teleconnection patterns[END_REF] analyzed projection of extreme wave energy fluxes under a high-emission scenario (Representative Concentration Pathways 8.5) and showed a significant increase in the 100-year return level of wave energy fluxes for the Southern Hemisphere and for some regions of the Northern Hemisphere. Besides, if in some environments, landscapes are the signature of extreme events [START_REF] Allemand | Some parameters of bedload transport of capesterre river (guadeloupe, france) estimated from series of images[END_REF], coastal environment is also modeled by mild energy/calm period, during the so-called recovery phase. Wave, current and aeolian processes are able to transport the sediment back to its original place depending on the climatic conditions. Only cliff failures, or boulders displacements, being moveable only via extreme conditions are not reversible phenomena. It is very likely that such changes in the wave climate will significantly impact beach morphodynamics at both event scales (storm response) and long-term scales (post-storm recovery), which will require accurate predictions for implementing coastal adaptation strategies [START_REF] Dodet | Beach recovery from extreme storm activity during the 2013-14 winter along the atlantic coast of europe[END_REF]. The Porsmilin dataset has been thus strongly exploited to study the beach behavior at both event scales and long-term scales via national and international collaborations. Before summarizing the main results, I describe the study site and the dataset.

Management of a surveyed site : example of Porsmilin beach

Porsmilin is a macrotidal embayed beach, located in western Brittany (France) on the Iroise sea coastline (Figure 2.1). Porsmilin beach is an embayed barrier beach flanked by cliffs to the East and West, and backed by colmated brackish water marshes to the North. The intertidal zone is 200 m wide and 200 m long (Figure 2.3) and the median sediment grain size (d50) is 320 µm. It is bounded (to the East and West) by headlands and bedrock, which extend offshore and obstruct the alongshore sediment transport generated in the surf zone. The alongshore sediment flux is assumed negligible since the shoreline does not exhibit rotational behavior [START_REF] Floc'h | Morphological response of a macrotidal embayed beach, porsmilin, france[END_REF]. According to the [START_REF] Masselink | The effect of tide range on beach morphodynamics and morphology : a conceptual beach model[END_REF] classification, Porsmilin beach is a Low Tide Terrace beach. A Low Tide Terrace (LTT) profile is a compound profile consisting of a reflective zone on the upper beach (slope about 0.08) and a dissipative zone on the lower beach (slope about 0.02). The location of the slope break is called the inflection point of the profile. LTT profiles appear for low dimensionless fall velocity (Ω <2) and strong Relative Tide Range (h tide /Hs >7) [START_REF] Masselink | The effect of tide range on beach morphodynamics and morphology : a conceptual beach model[END_REF]. Many observations of beach profile changes show that the magnitude varies significantly along the cross-shore profile, caused by large variations in the local beach slope [START_REF] Miles | Dynamics of a reflective beach with a low tide terrace[END_REF][START_REF] Qi | The response of three main beach types to tropical storms in south china[END_REF][START_REF] Andriolo | Coupling terrestrial lidar and video imagery to perform 3d intertidal beach topography[END_REF]. In fact, [START_REF] Miles | Dynamics of a reflective beach with a low tide terrace[END_REF] suggest that the dynamics of a LTT beach exhibit characteristics of both dissipative and reflective sites. In addition, [START_REF] Miles | Dynamics of a reflective beach with a low tide terrace[END_REF] show that with an increase in the beach slope and a corresponding decrease in the surf zone width, the upper part of the beach is more dynamic and reactive than the lower part, with sediment transport rates that can be one order of magnitude larger. However, according to monthly topographic survey acquired since 2002, we have shown that while the vertical magnitude of the variations is smaller, the lower part of the beach cross-shore (horizontal) variations are of the same order than on the upper beach part [Lemos et al., 2018]. The primarily cross-shore dominant morphological processes [START_REF] Dehouck | Pocket beach hydrodynamics : The example of four macrotidal beaches, brittany, france[END_REF] make this sandy beach an ideal site to study cross-shore variations along the intertidal profile using an empirical equilibrium model [START_REF] Yates | Equilibrium shoreline response : Observations and modeling[END_REF]. Because of the large tidal range at Porsmilin beach (between 3.5 and 7 m), the evolution of the upper and lower intertidal zone vary significantly for the same incident wave conditions. Monthly and biannually surveys are organized and performed by engineers and researchers from DynELi and LETG teams, thanks to the instrumentation funded by CPER and gathered in the Pole Image and Instrumentation of IUEM, and thanks to the boat N/O Albert Lucas of CNRS. Datasets benefit from the framework of CNRS INSU' coastal observatory NSO DYNALIT (Research Infrastructure ILICO), giving large visibility to the project among French researchers addressing coastal issues. This community is used to working together, sharing datasets and knowledge. The data management is done following INSPIRE French norm. All the research data acquired on this site is Findable, Accessible, Interoperable and Reusable (FAIR), and soundly managed. In the framework of DYNALIT, the data are open-access and the long-term preservation is ensured. We use Ifremer's spatial data infrastructure, called Sextant, which is based on several components, including the opensource cataloging application "Geonetwork" (which distributes metadata according to ISO standards and INSPIRE recommendations) and several cartographic servers (Mapservers, QGIS-Server, Thredds, etc.) which meet the standards given by the Open Geospatial Consortium (OGC) in order to guarantee the interoperability of its content. Concerning data citation, Sextant is able 2.3. PRE-AND POST-STORM BEACH EVOLUTION 29 to ensure the sustainability of landing pages, linked to DataCite, describing the datasets. DOIs (Digital Object Identifier) can therefore be assigned on request for any dataset [START_REF] Bertin | A long-term dataset of topography and nearshore bathymetry at the macrotidal pocket beach of porsmilin, france, Scientific Data[END_REF].

2.3 Pre-and post-storm beach evolution : example of 2013/2014 winter

The possible increase of storm intensity and/or frequency due to climate change all over the world will have consequences on the coastline evolution. This gives rise to the questions : What would be the impact of an increase of storm intensity and/or frequency on our coastlines ? Would the recovery process be intense and rapid enough in order to counterbalance their impacts ? To answer these questions, a detailed analysis of the pre-and post-storm evolution of several impacted beaches have been proposed all over the North-Eastern Atlantic coast [Masselink et al., 2016;[START_REF] Dodet | Beach recovery from extreme storm activity during the 2013-14 winter along the atlantic coast of europe[END_REF]. To be implied in a long-term survey dataset management is also of great importance to build on new international collaborations. Porsmilin dataset (monthly topographical data since 2002, biannually bathymetry data since 2009) has offered many sources of collaborations. The 2013/2014 winter has been chosen, since it demonstrated to be the most energetic winter along most of the Atlantic coast of Europe since at least 1948 [Masselink et al., 2016]. In Finistère, we must go back in the winter of 1989-90 to find such extreme storm frequency.

Monthly beach profiles acquired over a period longer than 5 years were available for six sites (Figure 2.3), spanning widely varying and regionally representative coastal settings and hydrodynamic regimes. Masselink et al. [2016] have highlighted the contrasting coastal responses, despite the consistency of the extreme Atlantic wave conditions during 2013/2014 events (fig. 2.3). The main implication of this result is that site-specific conditions are fundamentally important in modulating the wave forcing and controlling the coastal response. Although some beach recovery has occurred during the subsequent 1.5 years (in the Channel for example), there has been none at Slapton Sands (UK, Cornwall spit) where easterly storm activity is necessary to bring recovery [de Alegria-Arzaburu and [START_REF] De Alegria-Arzaburu | Storm response and beach rotation on a gravel beach, slapton sands, uk[END_REF]. For sites experiencing extensive dune erosion (e.g., Truc Vert), it is expected that full recovery by natural processes will take at least 10 years [START_REF] Castelle | Impact of the winter 2013-2014 series of severe western europe storms on a double-barred sandy coast : Beach and dune erosion and megacusp embayments[END_REF].

If conditions such as the 2013/2014 winter become more common in the future, this has the potential to considerably change the equilibrium state of beaches along the Atlantic coast of Europe. On exposed sites dominated by cross-shore sediment transport processes, sediments may transfer from supratidal and intertidal stores to the subtidal region [START_REF] Castelle | Impact of the winter 2013-2014 series of severe western europe storms on a double-barred sandy coast : Beach and dune erosion and megacusp embayments[END_REF]Scott et al., 2016], resulting in relatively depleted subaerial beaches and scarped dune systems. Along coastlines with a bimodal wave climate characterized by both long-period ocean swell and short-period local seas, increased Atlantic storminess is likely to disrupt the balance between the different alongshore sediment transport contributions and may destabilize the coastal alignment by causing beach rotation [START_REF] Harley | New insights into embayed beach rotation : the importance of wave exposure and cross-shore processes[END_REF].

Focusing now on the recovery phase, [START_REF] Dodet | Beach recovery from extreme storm activity during the 2013-14 winter along the atlantic coast of europe[END_REF] have highlighted that, while beaches recover during the spring-summer-autumn period at modest and relatively steady rates (not much inter-annual variability), it is the energetic winter conditions that primarily control the time it takes for beaches to recover from extreme erosion (fig. 2.3). Highly energetic winters stall or even reverse the recovery process, whereas calm winters continue the recovery process. The use of an empirical model [START_REF] Davidson | A behavioral template beach profile model for predicting seasonal to interannual shoreline evolution[END_REF] to study long term beach recovery has been tested with fairly good results [START_REF] Dodet | Beach recovery from extreme storm activity during the 2013-14 winter along the atlantic coast of europe[END_REF]. In this study, we found that Porsmilin beach exhibit one of the faster recovery among the several beaches studied after an extremely energetic winter (2013/2014).

Considering 11 study sites from Brittany, where high frequency topomorphological measurements were achieved, contrasted results are observed as well, depending on the orientation and type of the coasts [START_REF] Blaise | Bilan des tempêtes de l'hiver 2013-2014 sur la dynamique de recul du trait de côte en Bretagne Review of winter storms 2013-2014 on shoreline retreat dynamic on Brittany coast[END_REF]. Considering the whole winter 2013-14 period, shoreline erosion for all monitoring sites reached -6.3 m on average [min = -0.2 m ; max = -30.1 m]. Depending on the type of environment, it appears that the dunes have retreated the most, followed by gravel or sandy barriers ; the lowest erosion rates concern beaches backed by low cliffs cut in highly consistent materials such as periglacial deposits. Considering the three morphogeneous episodes, the morphological response in terms of shoreline retreat of beaches and barriers was different. Storm occurring at the beginning of February 2014 induced the largest erosive rates partly explained by the large morphological sensitivity of beaches and barriers which were weakened by the previous storm events in the beginning of January. Conversely, the storm of March induced very few impacts. These elements show that there is no cumulative storm effect attested. Over a long period marked by a cluster of storms, beyond a certain threshold in the shoreline retreat process, the erosive action of morphogenesis events is no longer significant, regardless of their intensity.

So on one side, as stated before, energetic events coupled with extreme sea level are recognized to cause almost irreversible damages (dunes erosion, gravel barriers retreat), and on other side, after two energetic events, the coast seems to have reach a threshold implying that the third energetic event has not caused much erosion. Previous works [START_REF] Bruun | Coastal erosion and development of beach profiles[END_REF][START_REF] Dean | Equilibrium beach profiles : US Atlantic and Gulf coasts[END_REF][START_REF] Dean | Equilibrium beach profiles : characteristics and applications[END_REF] demonstrated that beaches tend to form equilibrium profiles in response to constant wave forcing, and these studies developed empirical functions to describe the observed equilibrium profile shapes. After successive storms, the beach is in equilibrium (strongly eroded) with energetic condition. Another energetic event of the same CHAPITRE 2. SANDY BEACH MORPHODYNAMICS intensity won't have any impact. [START_REF] Wright | Short-term changes in the morphodynamic states of beaches and surf zones : an empirical predictive model[END_REF] showed that with varying wave conditions, instantaneous beach profiles are also function of the state of the beach. These concepts have been used in a variety of empirical models to study shoreline position changes on timescales of days to years on sandy beaches dominated by cross-shore processes, mainly microtidal (e.g. [START_REF] Miller | A simple new shoreline change model[END_REF][START_REF] Davidson | A behavioral template beach profile model for predicting seasonal to interannual shoreline evolution[END_REF][START_REF] Yates | Equilibrium shoreline response : Observations and modeling[END_REF][START_REF] Davidson | Forecasting seasonal to multi-year shoreline change[END_REF][START_REF] Yates | Equilibrium shoreline response of a high wave energy beach[END_REF][START_REF] Davidson | A simple equilibrium model for predicting shoreline change[END_REF][START_REF] Castelle | Equilibrium shoreline modelling of a high-energy mesomacrotidal multiple-barred beach[END_REF][START_REF] Ludka | Field evidence of beach profile evolution toward equilibrium[END_REF]). These models show good agreement and we have tested their reliability in macrotidal environment [Lemos et al., 2018].

Prediction of seasonal beach evolution

Predicting the temporal variability of shoreline position in response to hydrodynamic forcing (waves and tides) is of primordial interest to coastal scientists, engineers, and beach managers. Since previous research have shown that beaches tend to form equilibrium profiles in response to wave forcing, and function of the state of the beach, beach equilibrium models have been proposed, simulating shoreline variations as a function of wave conditions and previous shoreline position. Yet, shoreline position models need extensive historical observations and need to be calibrated for each specific site. Their application is simple, efficient (low computational cost) and requires long-term morphological survey and forcing dataset. This constitutes another argument to generalize long-term survey over the world in many different types of environment (as well as having long-term dataset of wave forcing or validated wave numerical models). These models have been applied primarily on microtidal beaches [START_REF] Yates | Equilibrium shoreline response : Observations and modeling[END_REF][START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF][START_REF] Ludka | Field evidence of beach profile evolution toward equilibrium[END_REF]. Results on such beaches show that when cross-shore processes are dominant, the model performs well with an efficiency of approximately 80%. [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy mesomacrotidal multiple-barred beach[END_REF] suggested that equilibrium shoreline models can be extended and applied to a range of elevation contours in the intertidal zone to evaluate the effect of wave energy at different altitudes along the intertidal beach profile, with an efficiency between 55% and 65% depending on the altitude in the intertidal zone (between Mean Sea Level (MSL) and Highest Astronomical Tide (HAT)).

Macrotidal environments experience different wave conditions and hydrodynamic processes depending on the elevation in the intertidal zone. This complicates the understanding of beach morphodynamics due to temporal variations in (1) the impacts of wave-driven processes across the intertidal zone, and (2) the wave energy dissipation over the subtidal zone. At low tide, waves are highly dissipated over the foreshore zone, and the wave energy reaching the beach may be significantly lower than the offshore wave energy. This dissipation is less important at high tide, and the wave energy reaching the upper intertidal zone of the beach may be comparable to the offshore wave energy. During a tidal cycle, the position of the swash, surf, and shoaling zones shift with the tide both vertically (in altitude) and horizontally (along the intertidal profile), causing the intertidal beach profile to be impacted by different hydrodynamic processes during different phases of the tidal cycle [START_REF] Masselink | The effect of tide range on beach morphodynamics and morphology : a conceptual beach model[END_REF]. The most sediment transport occurs in the surf and swash zones (e.g. [START_REF] Kroon | Morphodynamics of intertidal bar morphology on a macrotidal beach under low-energy wave conditions, north lincolnshire, england[END_REF][START_REF] Masselink | Morphodynamics of intertidal bars in wave-dominated coastal settings-a review[END_REF][START_REF] Price | Morphodynamic zone variability on a microtidal barred beach[END_REF]). Therefore, the use of a simple equilibrium model to study shoreline position changes on macrotidal beaches may highlight the differences in sediment transport in each of these zones.

Empirical models have been shown to predict well the variations observed in the upper intertidal zone of reflective [START_REF] Yates | Equilibrium shoreline response : Observations and modeling[END_REF], dissipative [START_REF] Splinter | A generalized equilibrium model for predicting daily to interannual shoreline response[END_REF], or barred dissipative [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy mesomacrotidal multiple-barred beach[END_REF] beaches, but have never been tested on Low Tide Terrace beaches, such as Porsmilin. The application of an equilibrium model at multiple elevation contours along the intertidal beach profile increase our understanding of LTT beach behaviour, and allow a more detailed study of the link between physical processes and the free parameters required in empirical models. Improvements in understanding these parameters contributes to generalized expressions of the model constants.

We have begun to collaborate with M. Yates, from CEREMA/Laboratoire St Venant, during C. Lemos Master 2 thesis in 2016. In Lemos et al. [2018], we have investigated the ability of an empirical model (based on [START_REF] Yates | Equilibrium shoreline response : Observations and modeling[END_REF] and [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy mesomacrotidal multiple-barred beach[END_REF]) to predict the pluriannual morphodynamics of the intertidal zone in a macrotidal environment (i.e. a sandy LTT beach) driven by cross-shore processes, by exploring changes in cross-shore position of a range of elevation contours. The rate at which the beach evolves towards equilibrium is a function of both the intensity of the wave forcing (e.g. wave energy or power) and the disequilibrium between the current and equilibrium conditions (defined as a function of the current contour position S), which causes the beach to erode or accrete. In this study, the model developed by [START_REF] Yates | Equilibrium shoreline response : Observations and modeling[END_REF] is used to predict changes in the cross-shore position (dS/dt), which depend on both the wave energy (E) and the wave energy disequilibrium (∆E) :

dS/dt = C ± E 1/2 ∆E (2.1) with ∆E = E -E eq (S) (2.2)
where C ± are rate change coefficients for accretion (C + for ∆E < 0) and erosion (C -for ∆E > 0). The equilibrium wave energy (E eq ) is defined as a linear function of the cross-shore position E eq (S) = aS + b (a and b are constants for a given elevation). Since the mean wave period has been shown to have significant impacts on the intertidal zone beach morphodynamics [START_REF] Floc'h | Morphological response of a macrotidal embayed beach, porsmilin, france[END_REF], model tests will also include replacing the wave energy with the wave power in Eq. (2.1). The model developed in [START_REF] Yates | Equilibrium shoreline response : Observations and modeling[END_REF] has four free parameters : a and b determining the equilibrium energy for each cross-shore position, and C ± the accretion and erosion coefficients. Here, following [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy mesomacrotidal multiple-barred beach[END_REF], a fifth free parameter, d, is added to reduce the dependence of the model on the initial cross-shore position. This parameter represents a deviation of the mean position that is used to initiate the timeseries. A simulated annealing [START_REF] Kirkpatrick | Optimization by simulated annealing[END_REF][START_REF] Barth | Oceanographic experiment design by simulated annealing[END_REF] algorithm is used to obtain the five free model parameters by minimizing the root-mean-squared error (RMSE) between the model and observations. The number of profiles used to calibrate the model at each of the selected elevations varies from 152 to 174. In the simulated annealing algorithm, the range of free parameter values in which the optimization occurs has to be defined for each parameter. In previous studies conducted in microand mesotidal environments, the equilibrium function E eq is always a negative linear function of the cross-shore position, leading to a negative slope a for every considered altitude. This indicates that erosion always occurs for high wave energy and accretion for low wave energy. To define the range of free parameter values a required for the optimization, the observed accretion/erosion rate is analyzed across the cross-shore profile. When plotting erosion/accretion rate as a function of the cross-shore position and the incident wave energy at different elevation contours and fitting the linear equilibrium function (Figure 2.4), the slope is negative on the upper intertidal zone of the beach (close to -0.1 m 2 /m), close to 0 at the inflection point, and positive on the lower intertidal zone of the beach (close to 0.1 m 2 /m). From these fits, one can deduce that at the inflection point, the cross-shore position of the elevation contours does not depend on the wave energy and that on the lower intertidal zone of the beach, accretion occurs for strong wave energy events and erosion for low wave energy events (i.e. the opposite of the trend observed on the upper intertidal zone of the beach). In order to verify these preliminary results, the simulated annealing algorithm searches for the five parameters over ranges that span negative and positive values : -0.5 to -0.5 m 2 /m for a, -2 to 2 m 2 for b, and -5 to 5 m.day -1 /m 3 for the accretion and erosion coefficients C ± . One important question is how to relate the model free parameters to physical processes (e.g. realistic erosion and accretion rates C ± ) when at some altitudes, wave energy only impacts the zone 5% of the time in reality, whereas changes are simulated 100% of the time in the model. Thus, it is important to take into account the tide level when predicting beach morphological changes, especially on meso-and macrotidal beaches. Here, a new approach is proposed in the empirical model by allowing the cross-shore position of the modeled elevation contour to evolve only when it is in the surf or swash zones. In the equilibrium model, a vertical threshold L is defined to determine the spatial extent and therefore the time periods during which the incident wave field causes significant sediment transport around the given elevation contour Z0 (see Figure 2.4). First, L is chosen as a function of significant wave height : L is taken equal to significant wave height above the observed still water level (considering of the order of magnitude of the maximum runup, as upper limit) and to twice the significant wave height below this elevation (surf zone limit as lower limit). Second, in order to evaluate the impact of this threshold on the model parameters, L is assumed symmetric about the water level Z0 for simplicity and a series of sensitivity tests are conducted, with L=0.5 m, 1 m, 1.5 m, 2 m, 2.5 m, and 3 m. In the model, the difference between the simulated elevation contour (Z0, Figure 2.4 a) and the instantaneous still water level (hourly tidal predictions obtained from the Shom data) is calculated and compared to this threshold. If the absolute value of this difference is greater than L, then the simulated shoreline position is not modified (blue zones, Figure 2.4 b).

The model shows a good predictive ability in the upper intertidal zone (60%) where the sediment dynamics depend on the waves energy, while the lower intertidal zone changes are reproduced at only 40% (fig. 2.5 and 2.6). The contours near the slope break (between the reflective and dissipative part of the LTT) are poorly reproduced by the model. Using the wave power instead of the wave energy improves the predictive ability mostly in the dissipative (lower intertidal) zone, where the significant wave height explains 40% of the lower intertidal zone morphodynamics while the mean period explains about 30%. The observed multiyear cycle and the inflection point behavior remain poorly reproduced (fig. 2

.7).

The extension of the model to take into account the effects of the water level during the tidal cycle does not change the model predictive ability. However, this extension does improve the physical interpretation of the estimated erosion and accretion coefficients and allows a comparison to other study sites with different tidal ranges (fig. 2.8). Without this threshold, the rate coefficients were in the range [-0.5 ; 0.5] m.day -1 .m -3 . In the literature, the rate coefficients are of the magnitude 4 m.day -1 .m -3 in a microtidal environment (Torrey Pines [START_REF] Yates | Equilibrium shoreline response : Observations and modeling[END_REF]) and were in the range [-3 ; 3] m.day -1 .m -3 in a mesotidal environment (Truc Vert [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy mesomacrotidal multiple-barred beach[END_REF]). Whereas the vertical evolution of the free parameters a and b are similar between the different study sites, the magnitude of the rate coefficients are different, with a minimum value in the macrotidal environment. However, the dynamics at Porsmilin have been shown to be quite rapid [START_REF] Floc'h | Morphological response of a macrotidal embayed beach, porsmilin, france[END_REF], expecting rate coefficients at least as large as on other study sites. Introducing the tide level effects in the model via the threshold L leads to larger rate coefficients for smaller thresholds. For L larger than 1.0 m, the magnitude of C ± remains small. For L = 1.0 m, the magnitude of C ± reaches the range [-3 ;3] m.day -1 .m -3 , as in [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy mesomacrotidal multiple-barred beach[END_REF]. The C + and C -coefficients allow considering different adaptation velocities related to accretion or erosion process, but comparing their magnitudes is not straightforward because of the √ E factor in Eq. 2.1, which is larger when considering C -than C + .

Our results confirm that the upper zone of the reflective section, which corresponds to the swash zone during high tide of spring tide, shows large fluctuations occurring in phase with significant wave height. As typically observed in macrotidal environment, this is indeed the tidal stage with largest significant wave height (less dissipation). Our study provides new insights on the dissipative section. Generally much wider than the reflective section, the entire dissipative section shows fluctuations of the same magnitude as the reflective section. Still, morphological response of the beach in low incident energy conditions is underestimated and the model needs to be improved to address this configuration.

The collaboration continues with T. Chataigner (PhD 2018-2021), supervised by M. Yates and N. Le Dantec. The objective is to use the empirical model in macrotidal zone, taking into account the water level, to predict long-term morphological changes (multidecennal), integrating the effects of climate change.
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.8 -Four free parameters of equation 2.1 (using wave energy) determined using the simulated annealing to optimize the prediction of the cross-shore position S using Eq. 2.1 and the associated predictive ability (R 2 ) considering the effects of water level via different thresholds L, ranging from 0.5 to 3 m, each 0.5 m, and for a threshold L varying proportional to the significant wave height (modified from Lemos et al. [2018]).

Until now, the past is well reproduced, using hourly wave data from WW3 numerical model and water level from Shom database. WW3 numerical model provides only one week of wave forecast. In order to obtain multidecennal wave climate prediction, a collaboration with M. Banno (Port and Airport Research Institute, Japan) working on a statistical approach to predict the wave climate [START_REF] Banno | Prediction of future shoreline change with sea-level rise and wave climate change at hasaki, japan[END_REF], has been engaged in the framework of PHC Sakura project.

The work is still in progress. T. Chataigner is also trying to integrate the effects of longshore processes, which are relatively significant on one of his study sites. J. Montano, PhD student in New-Zealand, supervised by G. Coco, has also done a short-stay at Brest in our team and at Paris with M. Yates, thanks to a ISblue mobility grant, in order to discuss on how to incorporate beach-dune interaction in empirical models of beach evolution. S. Suanez has shared the Vougot (Guissény, France) dataset with her in this purpose [START_REF] Montaño | Understanding time-scales on a dune-beach system and implications for shoreline modelling[END_REF]. In her PhD, J. Montano has tested many empirical and machine learning methods in order to obtain robust shoreline detection, minimizing the uncertainties [START_REF] Montaño | Blind testing of shoreline evolution models[END_REF]. She has shown that using several forcings to predict different scales of variability (modes) could be more reliable than predicting the full signal using only wave proxies. She has also made some modifications to the model developed by [START_REF] Yates | Equilibrium shoreline response : Observations and modeling[END_REF] to predict faster shoreline changes (scale of days).

So on one side, CEREMA team pursue the work on long-term prediction, to make a suitable model for decision makers to improve coastal management strategies related to natural hazard events, and I focus more on the accretive period and the representativeness of the rates coefficients determined in the model. How to validate/calibrate them on the field, what do they represent in the reality ? How could we improve the prediction during accretive period ? Could we predict faster shoreline changes, in order to be able to link the rates coefficients to in situ processes measurements ?

Predictability of daily beach variation

The reliability of the calibration depends on what time scale processes we want to reproduce. In order to improve the prediction during accretive period, I proposed to explore the representativeness of the rates coefficients determined in equilibrium model. To validate/calibrate them on the field requires to be able to link them to in situ processes measurements. This could be possible if we achieve to predict faster shoreline changes, on a daily temporal resolution for example. One part of C. Caulet PhD thesis (2015-2018) was to assess if the empirical model calibrated with long term data is able to reproduce the short term evolution of the beach, to know if it contains the required physical processes to understand short term morphological beach response. We therefore compare the results obtained As previously done with the monthly data, the relation linking the measured erosion-accretion rates and the cross-shore positions of a given altitude have been analyzed (fig. 2.5) using to the daily topographic data. We observe that the linear equilibrium wave forcing functions, computed as the linear fit of the points associated with lowest absolute erosion-accretion rates values (thus which induce no shoreline variation), are parameterized by a-values greater than the one found in Lemos et al. [2018]. For the STC, the parameter a ranges from -1 to 1 m2 /m, the parameter b ranges from -2 to 2 m 2 and the parameters C± range from -30 to 30 m/day/m 3 . The parameters obtained from the STC are globally more scattered than for the LTC. This is due to the number of input profiles used for each calibration. Only 20 profiles for DYNATREZ I and 17 profiles for DYNATREZ II while for the LTC, 174 profiles were used. Moreover, during DYNATREZ II few First of all, the STC shows better results. The errors are reduced from 7-5 % to 5-2.5 % in average for the two fields campaigns respectively. Moreover, the variability of the different altitudes is better simulated. We note that, as observed on longterm data, the beach exhibits contrasted dynamic from both side of the inflection point. The LTC free parameters are representative of the annual variability. The maximal value found for the annual variability of altitude contour is, in average, about 20 m which represents for a whole year, 0.05 m/day. Nevertheless, it has been shown that the beach could exhibit large morphology changes during short event (i.e. changes in the altitude contour about 10 m/day) [Floc'h et al., 2016] (fig. 2.5). The values of C± coefficients found for the LTC are therefore inadequate to predict the short term evolution of the beach. Using LTC free parameters lead to a very slow beach evolution day to day. STC free parameters are more adequate to represent the daily evolution of the altitude contours. Nevertheless, even if the model results are improved between the LTC and STC, daily variations are still poorly assessed even when these variations are large in amplitude (largely higher than the measurement uncertainty). In contrast, the STC outputs were also compared with filtered in situ data (moving mean over 3 days). The comparison shows almost no discrepancy. The STC is very accurate (NMRSE < 2% and R 2 = 0.6) to reproduce the trends of beach profiles dynamic over three days. Several data over one cycle are required to reproduce the cycle : LTC is based on monthly data and thus does not provide accurate prediction at the month scale, but provide accurate results at seasonal scale ; STC is based on daily data and is able to reproduce a three days trend.

Besides, even if the wave forcing is the main driver, other site-specific processes play an important role on daily dynamics. The daily variations present in natural beach are the results of multiple forcing (such as currents, wave nonlinearities, interaction with bed morphology or infragravity forcing (e.g. see [START_REF] Baldock | Large-scale experiments on beach profile evolution and surf and swash zone sediment transport induced by long waves, wave groups and random waves[END_REF]; [START_REF] Bakker | Infragravity-wave dynamics in shallow water[END_REF])). The good accuracy of the model to reproduce seasonal and weekly trends suggests that the global beach profiles evolutions are mainly driven by the wave forcing in incident band. Nevertheless, the daily erosion-accretion events, occurring during a tidal cycle, is less good reproduced by the empirical model. The fact that the accretion rate is different for short term demonstrates that accretion could occur on very short timescale, with high accretion rate. In order to understand the underlying processes acting on daily variation, continuous measurement on short timescale (some days) of many physical parameters (velocities, wave shape at different locations on the beach) should be performed. At these timescales, process-based numerical modeling are required such as Xbeach [Roelvink et al.] or SedWaveFoam [START_REF] Kim | A Numerical Study of Sheet Flow Under Monochromatic Nonbreaking Waves Using a Free Surface Resolving Eulerian Two-Phase Flow Model[END_REF].

Conclusion

Predicting the impacts of global change on coastal environments remains a critical research topic owing to the difficulties to observe, understand, and model the important physical processes at a variety of spatial and temporal scales. Knowledge of coastal shoreline changes and the associated risks of inundation and coastal erosion is of particular societal importance to countries with extended coastlines, such as France, and these risks are predicted to increase with future climate change. The last IPPC report concluded that global sea levels are predicted to rise up to approximately 82 cm in the next 100 years, with significant local variability [IPCC , 2014]. More recent reports, taking into account the uncertainties associated with Antarctic ice sheet instability, suggest that global mean sea level change should be in the range (lowest and highest bounds) of 0.3 to 2.5m [START_REF] Sweet | Global and regional sea level rise scenarios for the united states[END_REF]. Predicted changes in global temperatures and atmospheric circulation patterns will also induce changes in the global wave climate impacting average wave conditions (height, period, direction) and the intensity and frequency of extreme wave conditions. Coastal risk assessments and the preservation of the environment depend on knowledge of future coastal evolution including climate change impacts, and these types of assessments have become a priority at national and international levels. Therefore, there exists a strong need for models able to predict current and future (decadal scale) beach changes, in particular, taking into account changes in the forcing conditions. To be able to make regional-scale predictions of shoreline change and to analyze erosion risks on medium to long timescales, empirical modeling approaches based on equilibrium concepts are an optimal choice, including the effects of tides and future changes in wave climate and sea level. Since the morphology changes are site-dependent [START_REF] Blaise | Bilan des tempêtes de l'hiver 2013-2014 sur la dynamique de recul du trait de côte en Bretagne Review of winter storms 2013-2014 on shoreline retreat dynamic on Brittany coast[END_REF]Masselink et al., 2016;[START_REF] Dodet | Beach recovery from extreme storm activity during the 2013-14 winter along the atlantic coast of europe[END_REF], are the optimal model coefficients portable between sites, or can their dependence on sitespecific morphological and hydrodynamic characteristics be identified ? By testing the model at sites with a range of different geomorphological characteristics, one can begin to establish phase diagrams describing the range of model coefficients as a function of the observed physical and geomorphological parameters. Lemos et al. [2018] have significantly contribute to improve the comparability of model parameters from one site to another, experiencing different tidal forcing. The development of a comprehensive tool for predicting future shoreline changes appears as a reliable perspective, once sufficient morphological and hydrodynamic observations are available to calibrate the model. The complexity and inertia of the systems under consideration, combined with the high spatio-temporal variability of climatic and anthropogenic forcings require the long-term acquisition of reliable and spatialised data allowing the identification of evolutionary trends and the detection of equilibrium disruptions. National Services of Observation such as DYNALIT offer suitable dataset to pursue this objective. It is also primordial to capture exceptional, and therefore rare, phenomena, and in fine, to reach a better understanding and modeling of the various processes involved. This involves to conduct intense field campaigns focusing on physical processes, at short spatial and temporal scales. This is the focus of the next chapter.

Chapitre 3

Hydrodynamic processes

The combined effects of sea-level rise and changing wave conditions may have significant impacts on shoreline stability, including both passive inundation (submerged zones without morphological changes) and coastal erosion (sediment removal and redistribution by waves and currents). In this context, it is primordial to be able to predict extreme nearshore water levels, as well as morphodynamics.

In order to understand morphodynamics processes, it is primordial to understand the hydrodynamics forcings and underlying processes leading to velocities in the water column in the nearshore. The most active zone are the swash and surf zones, where many processes occur, capable to mobilize sediment (for a review see [START_REF] Elfrink | Hydrodynamics and sediment transport in the swash zone : a review and perspectives[END_REF][START_REF] Longo | Turbulence in the swash and surf zones : A review[END_REF][START_REF] Raubenheimer | Observations and predictions of fluid velocities in the surf and swash zones[END_REF]). I have participated to more than 15 field experiments and supervised more than 8. Among them, 6 were dedicated to the understanding of beach processes. I have worked on nearshore water level, first source of submersion and retreat of the coastline. Studying beach morphodynamics implies studying waves and their impact on the water level (wave setup and runup), on currents (e.g. flash rip, littoral drift...) and their interaction with the morphology (sediment fluxes, erosion and accretion patterns). These processes could differ from one type of environment from another, because of morphological (bathymetry slope, complexity, roughness) or forcing (tide, climate) differences. To capture them from different environment such as sandy beaches, fringing reef or rocky platform, submitted to typhoons, strong littoral drift or extreme tidal current in micro-and macrotidal environment is required in order to generalize the conclusions.

Nearshore water levels

From dune erosion to submersion risk, predicting nearshore water levels is primordial. Concerning dune erosion, different models are designed to assess the foredune's sensitivity to erosion generated by the impact of storm waves for assessing the vulnerability of barrier islands to hurricanes and analyzing decadal-scale variations in dune erosion and accretion rates [START_REF] Sallenger | Storm impact scale for barrier islands[END_REF][START_REF] Ruggiero | Wave runup, extreme water levels and erosion of properties backing beaches[END_REF][START_REF] Pye | Decadal-scale variation in dune erosion and accretion rates : An investigation of the significance of changing storm tide frequency and magnitude on the sefton coast, uk[END_REF]. These models examine the relationship between the extreme water level elevation and relevant beach morphology corresponding to the height of dune foot. Addressing submersion risks also require to predict extreme water level. To understand the occurence and intensity of extreme water levels according to the morphological and forcing conditions would answer these two societal issues.

Extreme water level is defined as the sum of (i) astronomic tides ; (ii) storm surges ; and (iii) vertical wave runup, including both setup and swash. If storm surge (wind and pressure surge) can be deduced from the observed tide using tide gauge measurements, estimation of wave runup is a more complicated issue because it corresponds to the time-fluctuating vertical position of the swash limit on the upper part of the beach. It is defined as the difference between discrete water elevation maxima and still water level corresponding generally to observed tide level. Therefore, wave runup highly depends on environmental conditions such as the local beach slope (synthesized through dissipative to reflective context generally given by Iribarren number) and the infragravity-to-incident offshore wave energy which dominates the inner-surf zone [START_REF] Guza | Swash oscillations on a natural beach[END_REF][START_REF] Holman | Extreme value statistics for wave run-up on a natural beach[END_REF][START_REF] Holman | Setup and swash on a natural beach[END_REF][START_REF] Ruessink | Observations of swash under highly dissipative conditions[END_REF][START_REF] Ruggiero | Wave run-up on a high-energy dissipative beach[END_REF][START_REF] Stockdon | Empirical parameterization of setup, swash, and runup[END_REF]. Empirical formulations have been proposed in order to assess wave setup and runup exceedance. These expressions are broadly used in coastal engineering field. They provided an assessment of the water level relative to known conditions (i.e. which could be given by numerical models and field properties). Nevertheless the results are contrasted. Early laboratory studies report wave setup values reaching around 20 % of the offshore significant wave height [START_REF] Bowen | Wave 'set-down'and set-up[END_REF][START_REF] Hedges | Modified hunt's equation incorporating wave setup[END_REF]. Other field studies show wave setup values greater or lower than the theory. These discrepancies are discussed in Raubenheimer [2001]; Walton Jr and [START_REF] Walton | Landward limit of wind setup on beaches[END_REF]; [START_REF] Dailloux | Analyse critique de l'utilisation des techniques de mesure topographique vidéo comme outil de gestion des plages sableuses[END_REF]. Even if numerical models achieve good predictive power predicting setup and runup [START_REF] Vousdoukas | Toward reliable storm-hazard forecasts : Xbeach calibration and its potential application in an operational early-warning system[END_REF][START_REF] Stockdon | Evaluation of wave runup predictions from numerical and parametric models[END_REF][START_REF] Fiedler | Numerical modeling of wave runup on steep and mildly sloping natural beaches[END_REF][START_REF] Lashley | Nonhydrostatic and surfbeat model predictions of extreme wave run-up in fringing reef environments[END_REF][START_REF] Roelvink | Improving predictions of swash dynamics in xbeach : The role of groupiness and incidentband runup[END_REF][START_REF] De Beer | Simulating wave runup on an intermediate-reflective beach using a wave-resolving and a waveaveraged version of xbeach[END_REF][START_REF] Pinault | Estimation of irregular wave runup on intermediate and reflective beaches using a phase-resolving numerical model[END_REF], they use phase-resolving models, so with high computational cost. More in situ measurements on many different types of environment under different forcings are required in order to improve extreme water level prediction by improving empirical formulae, defining their application range, and improving and validating numerical prediction via phase averaged model, more suitable as decision-support tools.

Measurement of wave runup requires repeated in situ measurement of wrack line and/or water mark or a remote sensing installations such as video systems [START_REF] Stockdon | Empirical parameterization of setup, swash, and runup[END_REF], [START_REF] Suanez | Fifteen years of hydrodynamic forcing and morphological changes leading to breaching of a gravel spit, Sillon de Talbert (Brittany)Quinze ans de forçage hydrodynamique et de changements morphologiques aboutissant à la rupture d'une flèche de galets, Sillo, Géomorphologie : relief, processus[END_REF]Didier et al., 2020]. Knowing the beach profile and the still water level give access to the instantaneous swash extension and thus the wave runup. Since the 1980's, camera systems have been broadly used as a continuous and autonomous remote sensing device. They provide a simple way to monitor nearshore processes such as water level and wave dynamics [START_REF] Holman | The application of video image processing to the study of nearshore processes[END_REF]. Then, knowing instantaneous water level also allow to explore via video systems the beach morphology changes [Caulet et al., 2017;Didier et al., 2017]. Numerous studies have been conducted to assess the ability of such devices to provide bathymetric and morphologic measurements DAILLOUX et al. [2010]; [START_REF] Holman | Remote sensing of the nearshore[END_REF]. During calm period, very small runup/setup occur and the waterline corresponds to the still water level, allowing to explore beach morphology changes thanks to recorded mean waterline via video systems Didier et al. [2017]. Nevertheless the processing of camera data needs to be improved in certain environments, such as macrotidal sites [START_REF] Bergsma | Video-based nearshore bathymetry estimation in macro-tidal environments[END_REF]. Best would be not to depend on wave conditions in order to have a better time resolution of processable data, but the calculation of setup/runup prevent us from applying this method for medium to high energetic conditions. Discrepancies on the setup / runup values can lead to large mistakes in the topography determination.

Since empirical formulae of wave runup are commonly derived from open beaches, we have investigated their applicability in fetch-limited, sheltered environments which are poorly assessed. I summarize in the following the results of six studies investigating the water levels :

-at dune foot of Vougot beach (Guissény, France) according to wrack line daily measurements [Suanez et al., 2015] -on a rocky shore platfom at Quiberville and Pourville (Normandie, France) based on wave gauge measurements [START_REF] Floc'h | Multi-annual water level fluctuations in winter on rocky cliff coasts : case study of two systems in normandy, se english channel[END_REF]] -on a sandy beach (Porsmilin, France) via video measurements [Caulet et al., 2017] -on several estuarine beaches (St Laurent, Canada), via video measurements [Didier et al., 2020] -in a fringing reef at La Réunion (France), via wave gauges and numerical modeling [START_REF] Bruch | Wave transformation and water level over la saline fringing reef (la réunion island)[END_REF]] First, we have considered the definition of the slope in the Iribarren number in macrotidal environment. In fact, to define the best beach slope for use in the runup and setup formula when the beach exhibits composite-slope and/or a concave profile is complex. We have demonstrated that the slope of the active section of the upper beach, calculated using observed still water level, gives the best fit compared to field measurements on sandy beach, dune foot, or on rocky shore platform presenting a pebble bar on the upper beach [Caulet et al., 2017;[START_REF] Suanez | Fifteen years of hydrodynamic forcing and morphological changes leading to breaching of a gravel spit, Sillon de Talbert (Brittany)Quinze ans de forçage hydrodynamique et de changements morphologiques aboutissant à la rupture d'une flèche de galets, Sillo, Géomorphologie : relief, processus[END_REF][START_REF] Floc'h | Multi-annual water level fluctuations in winter on rocky cliff coasts : case study of two systems in normandy, se english channel[END_REF]. This approach, based on sea level [START_REF] Bowen | Wave 'set-down'and set-up[END_REF][START_REF] Hansen | Wave setup and design water level[END_REF][START_REF] Guza | Wave set-up on a natural beach[END_REF][START_REF] Holman | Setup and swash on a natural beach[END_REF][START_REF] Yanagishima | Field observation on wave set-up near the shoreline[END_REF][START_REF] Hanslow | Wave setup on beaches and in river entrances[END_REF]Raubenheimer , 2001;[START_REF] Stockdon | Empirical parameterization of setup, swash, and runup[END_REF]. But, even if the local slope leads to better results, it appears that there are no clear correlations between the in situ measurements of water levels and the empirical formulae cited in literature, except for the significant swash height in gravity band using the formulation proposed by [START_REF] Stockdon | Empirical parameterization of setup, swash, and runup[END_REF]. The best statistics results are shown in the table 3.1. Four examples of the suggested formulae are plotted against the in situ data on Figure 3.1. We have used here the formulation proposed by [START_REF] Stockdon | Empirical parameterization of setup, swash, and runup[END_REF] which are the most common empirical expressions of wave setup and runup exceedance used in civil engineering and in coastal zone management. Uncertainties of more than 100% are found on water levels if considering currently used formulae.

CHAPITRE 3. HYDRODYNAMIC PROCESSES Model input Reference R RMSE (cm) η = f (H 0 ) Bowen et
Since all these referenced formulae failed, the following task was to calibrate an appropriate formula for fetch-limited beaches as Porsmilin. Since one study site is not enough representative, Porsmilin dataset has been added to 5 fetchlimited beaches dataset from the Estuary and Gulf of St. Lawrence (EGSL) in order to retrieve an empirical formula valid for that type of condition. This was done in the framework of a collaboration with P. Bernatchez from Rimouski university (Canada). Our role was to share good practices for video implementation and video-processing routines with his team, especially with D. Didier, his PhD student at that time (2015)(2016)(2017)(2018). First, Didier et al. [2017] has shown the reliability of the method to obtain topography during calm episodes (during no runup period) and second, the runup has been investigated on 5 fetch-limited beaches. These study sites exhibit a wide range of environmental parameters (varying wave climate, beach slopes, tidal range) and beach types (platform-beach, with and without nearshore bars, sandy/gravel). Didier et al. [2020] have shown that, while hydrodynamic forcing explain most of the coastal water level components variability, setup and swash are affected differently by the beach slope. The role of the beach morphology on wave setup can be parameterized through the inverse function of the beach slope, while swash height is written as the square root of the beach slope. Overall, the hydrodynamic forcing is the dominant driver of wave runup, but including the beach slope improves the prediction of the runup components. The newly proposed formulations offer a strong potential for runup assessment on various morphological fetch-limited coastal environments, and is in agreement with results from Porsmilin. We keep on collaborate with D. Didier, and C. Caulet is currently spending three years as post-doc at Rimouski University under P. Bernatchez supervision.

Repeated in situ measurements or a remote sensing installations such as video systems are not straightforward to implement everywhere. Over the last couple of years, significant progress has been made to overcome measurement difficulties and extend the capabilities of current and future altimeters to the coastal zone, with the aim of integrating altimeter-derived measurements of sea level and phy- sical waves for shallow areas close to the shoreline [START_REF] Turki | On the investigation of the sea-level variability in coastal zones using swot satellite mission : Example of the eastern english channel (western france)[END_REF]. This would permit to acquire regularly water level data over a wide range of coasts. We have investigated the capacity of the future SWOT missions to measure the physical processes in coastal zones, especially on a flat rocky shore platform [START_REF] Floc'h | Multi-annual water level fluctuations in winter on rocky cliff coasts : case study of two systems in normandy, se english channel[END_REF], via a collaboration with S. Costa (LETG-Caen) and B. Laignel (M2C, Caen) in the CNES TOSCA SWOT project. The variability of sea-surface fluctuations (timescales of less than 20 min) in surf and swash zones of flat rocky coastal systems was investigated using pairs of pressure sensors. 18 deployments during five winters (2014 to 2019) on the Normandy coast (Seine Maritime department) along the French side of the English channel has been done. The observed wave setup for moderate hydrodynamic conditions is non-negligible (about 20% of incident wave height) and, at high tide, is subjected to the reflective part of the beach. Upper limit of the wave setup on these study sites can be estimated from [START_REF] Stockdon | Empirical parameterization of setup, swash, and runup[END_REF] formula, considering the maximum pebble beach slope (fig. 3.1). Satellite data SWOT offer a compromise between the horizontal and vertical resolutions, which range approximately 0.1-0.25 km and 30-3 cm, respectively. Small scale processes within 0.5-1.0 km of the coast can be retrieved, as well as the atmospheric tides. For wave setup, considering that the platform slope is about 0.017, the mean significant wave height H s is about 0.5 m, and that the breaking ratio has been observed about 0.5 (γ = H s /h with h the water depth), this leads to a mean surf zone extension of 100 m at these sites. Considering significant annual and decennial wave heights of 4.3 m and 5.7 m, respectively, the largest annual and decennial surf zone would reach 500 and 670 m, respectively. This implies that the wave setup will not be captured by SWOT due to lack of spatial resolution. It is undeniable that further studies are needed to refine SWOT applicability through the use of numerical models as decision-support tools in coastal areas. [START_REF] Vousdoukas | Toward reliable storm-hazard forecasts : Xbeach calibration and its potential application in an operational early-warning system[END_REF][START_REF] Roelvink | Improving predictions of swash dynamics in xbeach : The role of groupiness and incidentband runup[END_REF][START_REF] De Beer | Simulating wave runup on an intermediate-reflective beach using a wave-resolving and a waveaveraged version of xbeach[END_REF].

The slope is thus shown to have an influence on nearshore water levels. So what happens above a complex bathymetry such as a fringing reef ? The backside of fringing reef beach is often at low altitude compared to mean sea level, and thus vulnerable to extreme water levels. Even if the waves are highly dissipated at the reef crest, strong runup are observed on the beach, not simply related to wave energy. The still water level is supposed to be of huge importance. In the context of predicted increase of sea water levels in region of La Reunion Island in the near future of about 50 cm in 2100 [IPCC , 2014;[START_REF] Hoegh-Guldberg | The human imperative of stabilizing global climate change at 1.5 c[END_REF], the investigation of extreme water level generation on this french coastline is a strong societal issue. The reef flat dynamics is generally supposed to be dominated by infragravity waves. Since the model Xbeach resolves infragravity waves, it has achieved good predictive power in reef environment for runup [START_REF] Roelvink | Improving predictions of swash dynamics in xbeach : The role of groupiness and incidentband runup[END_REF][START_REF] De Beer | Simulating wave runup on an intermediate-reflective beach using a wave-resolving and a waveaveraged version of xbeach[END_REF]. In collaboration with E. Cordier (OSU La réunion) [START_REF] Cordier | Swell impact on reef sedimentary processes : A case study of the La Reunion fringing reef[END_REF][START_REF] Cordier | Natural tidal processes modified by the existence of fringing reef on La Reunion Island (Western Indian Ocean) : Impact on the relative sea level variations[END_REF], we have validated/calibrated a Xbeach configuration according to two wave gauge dataset, one located over the reef slope and the other on the reef flat during 53 days. This was the topic of W. Bruch Master 2 thesis [START_REF] Bruch | Wave transformation and water level over la saline fringing reef (la réunion island)[END_REF].

After having calibrated the current and the wave friction coefficient vs measured data, and validated the setup, significant wave height and infragravity wave heights over the reef flat, we have focused on the water levels. A multiple linear regression has been done considering the measured setup in the middle of the reef flat and the simulated runup, considering the incident wave forcing and the tidal fluctuations. The observed setup in the middle of the reef flat is explained at 97% by the incident wave height. The modulation by the tide is responsible of 10% of the setup variability. After having validated numerical results, the runup is also shown to be modulated by the water level, by 25%. Empirical laws are proposed for setup (R 2 = 0.97) and runup (R 2 = 0.93) [START_REF] Bruch | Wave transformation and water level over la saline fringing reef (la réunion island)[END_REF] (fig. 3.1). The setup is maximum for high incident energy and low water level. The runup is maximum for high incident energy and high water level. This corroborates results presented in [START_REF] Quataert | The influence of coral reefs and climate change on wave-driven flooding of tropical coastlines[END_REF] and [START_REF] Cheriton | Observations of wave transformation over a fringing coral reef and the importance of low-frequency waves and offshore water levels to runup, overwash, and coastal flooding[END_REF], where it is suggested that shallower reef flats reduce the runup, whilst deeper reef flats increase wave runup. Even if La Reunion is a microtidal environment (tidal range of 0.5 m in average), a small variation of water level over the reef crest will strongly modulate the wave dissipation : wave setup will include about 20% of the tide variability, and wave runup about 60% of the tidal variability. So for an increase of 0.25 cm of the water level, this leads to a decrease of the wave setup of few centimeters and an increase of the wave runup of 18 cm.

Even if the numerical model reproduces correctly the wave dissipation and IG waves whatever the incident conditions are, the setup is well reproduced for mild conditions but underestimated by 20% during a 4 m-offshore wave height event. This was already observed with the surfbeat mode of XBeach model in reef environments [START_REF] Roelvink | Improving predictions of swash dynamics in xbeach : The role of groupiness and incidentband runup[END_REF][START_REF] Quataert | The importance of explicitly modelling sea-swell waves for runup on reef-lined coasts[END_REF]. The non-hydrostatic version of Xbeach (phase-resolved waves) could lead to better results but for a high computational cost. This highlight the fact that during extreme events, the gravity part of the spectrum remaining not dissipated over the reef flat has an influence on the runup and should be resolved. Our configuration allows for a qualitative approach of reef mechanisms, as well as a first estimation of runup in the context of climate change. In the context of predicted increase of sea water levels in region of La Reunion Island in the near future of about 50 cm in 2100 [IPCC , 2014;[START_REF] Hoegh-Guldberg | The human imperative of stabilizing global climate change at 1.5 c[END_REF], our study indicates that for an extreme event of 4 m-wave-height, this means an increase of 50 cm of the mean water level, added to a runup of 1.25 m caused by propagating waves of almost 40 cm inside the reef. The submersion risk and evolution of sandy coastline at La Réunion under climate change is now done in the framework of J. Machabbee PhD thesis (2019-2022), via video measurements of La Saline beach, and wave gauges.

These different studies lead to the summarized conclusions : -strong influence of the geology, bed morphology on nearshore water levels, -physics is required to explain the setup and runup in complex environnement (other than open ocean beaches), -Numerical modeling can be used as decision support-tools, -to resolve wave dynamics is mandatory to improve runup and setup prediction.

Nearshore waves

The main forcing responsible for nearshore dynamics is the waves, being responsible for the water levels and currents driving the sediment transport. Their transformation along their propagation will determine the type of currents/forcing that will impact the coast. Their transformation is influenced by the bathymetry/topography and the coastline shape. Thus it is primordial to understand how waves behave when approaching the coast. On typical sandy beaches, the wave shape change approaching the coastline, the non-linearities increases (asymetry and skewness), until the breaking point, occurring for a breaking ratio γ that can be constant (example with Porsmilin beach Fig 3 .2 with γ = Hs SW /h = 0.5). The waves dissipates a huge part of their energy during the breaking.

In comparison in reef, the waves break over the reef crest and then keep on dissipating their energy over the coral reef by bed friction. The wave friction, often denoted f w is a factor of key importance for the assessment of the wave energy dissipation and is strongly affected by reef complexity. A number of theoretical and empirical values of f w have been proposed in the literature, often ranging between f w = 0.1 and f w = 0.5, with increasing friction for increasing coral complexity [START_REF] Lentz | The characteristics and dynamics of wave-driven flow across a platform coral reef in the red sea[END_REF][START_REF] Harris | Coral reef structural complexity provides important coastal protection from waves under rising sea levels[END_REF], and sometimes reaching exceptionally high values such as 1.8 in a north Pacific atoll [START_REF] Monismith | Frictional wave dissipation on a remarkably rough reef[END_REF] or even 5.0 in a coral reef platform in the Red Sea [START_REF] Lentz | The characteristics and dynamics of wave-driven flow across a platform coral reef in the red sea[END_REF]. The reef type, the reef health and resulting structural complexity are important for wave dissipation. Since the wave friction factor is site dependent, more measurements on different reef environment could lead to a general formulation. [START_REF] Bruch | Wave transformation and water level over la saline fringing reef (la réunion island)[END_REF] has demonstrated the validity of [START_REF] Lentz | The characteristics and dynamics of wave-driven flow across a platform coral reef in the red sea[END_REF] wave decay analytic model for a fringing reef, using the depth in the reef flat (Fig. 3.2). Whereas breaking would have led to the dissipation considering only the breaking ratio γ, these results demonstrate the importance of the bottom friction on the wave decay. We note that due to the atoll configuration studied by [START_REF] Lentz | The characteristics and dynamics of wave-driven flow across a platform coral reef in the red sea[END_REF] no setup were considered. For good application of this dissipative model in a fringing reef, water depth must include wave setup which is relatively important (same order of magnitude than water level) in such environment. This is not surprising if considering the bed friction dissipation part, because wave setup over the reef flat will contribute to decrease this dissipation by increasing the total water depth. For the breaking part γD, considering the water depth at breaking as stated by [START_REF] Lentz | The characteristics and dynamics of wave-driven flow across a platform coral reef in the red sea[END_REF] would lead to consider the offshore tidal fluctuations, reported at the reef crest location, upstream the generation of wave setup. This does not lead to good result with this analytical model. Thus the total water depth on the reef flat (including the setup), must be reported at the breaking location. This means to substract the bottom level found at reef crest in order to match D = 0 when no wave passes the reef crest (Hs SW = 0). Besides, the present study completes the validation performed by [START_REF] Lentz | The characteristics and dynamics of wave-driven flow across a platform coral reef in the red sea[END_REF], by adding a representative number of data in the polynomial section of the model, at low water levels. From this analytic model, a friction factor of 0.16 is deduced. Compared to the literature, this is a low friction factor for coral reef which is supposed to range between 0.1 and 5 [START_REF] Lentz | The characteristics and dynamics of wave-driven flow across a platform coral reef in the red sea[END_REF]. These results slightly differ from the Xbeach model calibrations [START_REF] Bruch | Wave transformation and water level over la saline fringing reef (la réunion island)[END_REF] that indicate f w = 0.3, with the default z 0 = 0.006 m value for bed roughness.

Meanwhile gravity waves are dissipating, IG (InfraGravity, [0.004 Hz -0.04 Hz]) waves shoal over the beach slope. IG waves influence water levels at the coastline. Nevertheless, few research deal with their prediction. On a sandy beach (Fig. 3.2), over a reef slope (Fig. 3.2) and a rocky platform, we have demonstrated the dependency of IG significant wave height Hs IG to wave power, in the shoaling and the outer surf zone, supposing bound-IG waves (linked to gravity waves enveloppe) : with T m 0,-1 considered as the mean wave period and α the proportionality coefficient.

Hs IG = αHs 2 × T m 0,-1 (3.1)
For free IG-waves, Ardhuin et al. [2014] had demonstrated a dependency to Hs × T m 2 0,-2 g/D with g the gravity and D the mean water depth. Most of the measurements were performed in deep and intermediate water depths. In shallow-water, for supposed bound-IG waves, at Porsmilin, α is between 3 and 5% (Fig. 3.2). While the relationships seems linear when mean wave period is superior to 10 s (swell conditions), IG waves height seems to reach a plateau for wave power proxy superior to 8 m 2 .s at 25 cm during wind sea conditions. A stronger infragravity response to swell than sea has been reported by others [START_REF] Elgar | Observations of infragravity waves[END_REF] and is consistent with bound wave theory. At Dieppe, α is about 1%. At La Réunion, over the reef slope or in the reef flat, α is about 0.2% (Fig. 3.2). In the reef flat, a slight dependence to the water level is noted. The same relationship (eq.3.1) was observed by [START_REF] Inch | Observations of nearshore infragravity wave dynamics under high energy swell and wind-wave conditions[END_REF] over Plymouth (UK) dissipative sandy beach, with a factor of 0.4%, and a non-zero intercept.

Moreover, on the rocky platform of Dieppe and in the reef flat of La Réunion, VLF (Very Low Frequency, [0.0006 Hz -0.004 Hz]) waves have been observed (Fig. 3.2 and 3.2 for La Réunion and Fig. 3.2 for Dieppe) with peak period between 10 and 20 minutes. VLF waves could be linked to seiche, tide or atmospheric forcing. While literature on seiche in harbors or man-made channel is widespread, only few research described their dynamics in natural environment. At Dieppe, VLF waves of amplitude higher than 25 cm have been observed 1/3 of measured time (during winters, Fig. 3.2). According to [START_REF] Floc'h | Multi-annual water level fluctuations in winter on rocky cliff coasts : case study of two systems in normandy, se english channel[END_REF], no obvious linear correlation was found between VLF characteristics and wave, tidal or at- mospheric common forcing. If the Channel is considered as a basin with 40-m depth on average and with a length of 100 km, the first seiche mode is 10 000 s, i.e. about 3 h, which is far from the VLF wave period observed here. VLF waves contribute to increasing Still Water Level, adding up to 45 cm to it according to our observations, so could be a factor to consider for submersion risk. In order to identify the probable cause of these VLF waves, a pressure sensor would have been put deeper underwater for a longer time, so that it would be permanently immersed. Or another solution : Floc 'h et al. [2021] have shown that satellite data SWOT will offer the possibility to resolve small-scale coastal processes of gravity, infragravity and VLF waves extending to within 0.5-1.0 km of the coast.

In the reef flat of La Réunion, the VLF wave height is five times bigger than over the reef slope, reaching the same magnitude than the IG waves (up to 30 cm). [START_REF] Bruch | Wave transformation and water level over la saline fringing reef (la réunion island)[END_REF] confirms the existence of wave transformation mechanisms at La Saline reef in La Réunion island, allowing energy transfer from breaking gravity waves to IG and VLF frequencies (see Fig. 3.2), corroborating results found in other reef environments [START_REF] Gawehn | Identification and classification of very low frequency waves on a coral reef flat[END_REF][START_REF] Sous | Wave transformation over a barrier reef[END_REF]. VLF and IG waves heights in the reef flat are found to be linearly linked to wave power proxy and water level. During high water level, both are slightly enhanced. VLF waves can cause high runup, responsible for overwashing events. First video measurements at La Réunion have revealed some extreme submersion, consequence of one wave each 15 minutes. Thanks to the permanent video system and a permanent wave gauge in the lagoon, J. Machabee (PhD 2019-2022) will tackle this question.

Accretion processes and modelling

Severe erosion during extreme events is generally the consequence of a large disequilibrium between beach profile and incident conditions. The underlying erosion mechanisms are driven by dominant physical processes that have been extensively studied during the past decades [START_REF] Aagaard | Sediment transport processes and morphodynamics on a reflective beach under storm and non-storm conditions[END_REF]Masselink et al., 2016;[START_REF] Russell | Mechanisms for beach erosion during storms[END_REF], achieving good predictive power [START_REF] Van Rijn | Numerical modelling of erosion and accretion of plane sloping beaches at different scales[END_REF]. On the contrary, beach recovery mechanisms remain an open question [Daly et al., 2019;[START_REF] Dodet | Beach recovery from extreme storm activity during the 2013-14 winter along the atlantic coast of europe[END_REF] since several physical processes interplay with no predominant factor controlling the sediment transport. In order to test the ability of the numerical model Xbeach to model accretion, we have proposed to investigate a sandy beach post-storm recovery evolution. A field campaign was organized at Nha Trang, in the framework of ANR Coastvar (2015Coastvar ( -2018)), coordinated by R. Almar. I was in charge of field campaigns management and of Xbeach numerical simulation of the impact of successive typhoons on Nha Trang beach (Viêtnam). This work was done with C. Daly, post-doc in my team. An 8-day field experiment was performed at Nha Trang beach from 27 November to 4 December 2015 [START_REF] Thuan | Typhoon impact and recovery from continuous video monitoring : A case study from nha trang beach, vietnam[END_REF]. The first two days of the experiment coincided with the arrival of swell waves from a northeast monsoon storm which passed over the South China Sea, causing slight erosion of the upper beach. This was followed by four days of calm wave conditions when the beach quickly recovered and displayed accretive cusp patterns of ∼20 m wavelength. Beach topography data was measured using high-resolution (3 cm) drone photogrammetry and closely spaced RTK-GPS transects over a 1 km length of beach. The surveys were carried out daily by J. Ammann and P. Grandjean (Univ. Lyon) and captured the rapid formation of accretionary beach cusps between 28 November and 1st December (Fig. 3.10). M. Jaud processed the data.

The first task was to validate a numerical configuration of Xbeach on Nha-Trang beach. This was reported by Daly et al. [2017] for a 1D configuration and [START_REF] Daly | Morphodynamic modelling of beach cusp formation : the role of wave forcing and sediment composition[END_REF] for a 2D configuration. The fact that accretive cusp patterns appear on the beach was a perfect case study in order to test the ability of the model to reproduce accretion. Beach accretion occurs due to processes which stimulate and/or regulate onshore sediment transport in the surf and swash zone. In the surf zone, onshore transport is strongly influenced by the non-linear shape of incident short-waves, characterized by asymmetry and skewness [START_REF] Elgar | Nearshore sandbar migration[END_REF]. Sediment gradually transported from the surf zone toward the base of the swash is lifted to higher elevations via complex swash zone processes : wave-wave interactions and turbulence, superposition of bores and infragravity runup, sheet flow transport, and groundwater infiltration and exfiltration [START_REF] Bakhtyar | Modeling sediment transport in the swash zone : A review[END_REF]. While the gradual build-up of sediment on the beach face often results in the formation of accretionary beach cusps, the presence of cusps may also depend on local characteristics such as sediment size, beach slope and wave energy [START_REF] Van Gaalen | Observations of beach cusp evolution at melbourne beach, florida, usa[END_REF]. Daly et al. [2017] showed that it is possible to simulate beach accretion and berm formation using the non-hydrostatic version of XBeach [START_REF] Roelvink | Modelling storm impacts on beaches, dunes and barrier islands[END_REF] that fully resolve wave transformation in the surf and swash zone. Non-linear short-wave effects were thus fully resolved. Then Daly et al.

[2021] simulate beach cusp formation under accretive conditions.

The ability of the non-hydrostatic mode to resolve wave-wave interactions in the swash was advantageous, as similar simulations using the hydrostatic mode did not produce comparable results. The results have shown that the physical processes implemented in the non-hydrostatic Kingsday version of XBeach are able to satisfactorially simulate beach accretion and berm formation above the still water level and fairly represent wave conditions in the inner surf and swash zones. Tests with the optimal parameters [START_REF] Daly | Morphodynamic modelling of beach cusp formation : the role of wave forcing and sediment composition[END_REF] have shown that enabling the correction of sediment transport rates based on the bed slope using bdslpef f dir and f acsl inhibits unrealistic erosion of the beach and allow it to maintain a stable beach slope. Groundwater flow is shown to be the main process contributing to berm formation, since even with the aforementioned bed slope corrections enabled, if the groundwater flow model is not switched on then the model predicts a plain beach slope and will not form any berms. It should be noted that the value of kx/ky/kz used in the model has a large influence on this process' higher values promote greater accretion' therefore this value should be chosen with care. Increased bed friction in the swash also allows sediment to settle at the limit of wave runup, thereby enhancing berm formation. Finally, Daly et al. [2017] described several simulations, for range of environmental conditions (wave height, period, direction, spreading, median sediment size and sediment composition) in order to observe the resulting variation in cusp length scales (e.g. cross-shore width, long-shore length, and long-shore height) and sediment sorting, using both time-constant (JONSWAP) and time-varying (measured) wave forcing conditions, superimposed on the measured tide. For detailed results on cusps morphology, see [START_REF] Daly | Morphodynamic modelling of beach cusp formation : the role of wave forcing and sediment composition[END_REF]. From this study and numerical simulations results, wave reflection over steep beaches appear to be a mechanism for beach cusp formation [Almar et al., 2018;[START_REF] O'dea | Continuous coastal monitoring with an automated terrestrial lidar scanner[END_REF]. Future work would have to investigate the link with the two primary mechanisms described in the literature : 1) wave height patterns caused by edge waves in the long-shore dimension [START_REF] Inman | The origin of swash cusps on beaches[END_REF], or 2) from self-organisation which allows small bathymetric perturbations to grow through positive morphodynamic feedback mechanisms [START_REF] Werner | Beach cusps as self-organized patterns[END_REF][START_REF] Coco | Beach cusps : a comparison of data and theories for their formation[END_REF].

The take-away message is that to model accretion is not obvious, since processes leading to onshore transport are not clearly described. While offshore transport is strongly linked to current, accretion is linked to wavegenerated fluxes occurring in the wave boundary layer, generated by steady streaming and wave shape streaming [START_REF] Henderson | Nearshore sandbar migration predicted by an eddy-diffusive boundary layer model[END_REF] mainly via bedload transport. Wave non-linearities are thus shown to be among the main drivers of sediment transport [START_REF] Van Der | Measurements of sheet flow transport in acceleration-skewed oscillatory flow and comparison with practical formulations[END_REF][START_REF] Rocha | Improving the parameterization of wave nonlinearities – The importance of wave steepness, spectral bandwidth and beach slope[END_REF], becoming non-negligible during wave shoaling and breaking processes. This results in wave asymmetry and skewness, inducing shear stress asymmetry and skewness in the wave boundary layer [START_REF] Berni | Surf zone cross-shore boundary layer velocity asymmetry and skewness : An experimental study on a mobile bed[END_REF][START_REF] Fromant | Wave boundary layer hydrodynamics and sheet flow properties under large-scale plunging-type breaking waves[END_REF][START_REF] Henderson | Nearshore sandbar migration predicted by an eddy-diffusive boundary layer model[END_REF][START_REF] Nielsen | Coastal bottom boundary layers and sediment transport[END_REF], leading to strong net sand transport directed onshore or offshore depending on the incident conditions [START_REF] Van Der | Measurements of sheet flow transport in acceleration-skewed oscillatory flow and comparison with practical formulations[END_REF][START_REF] Aagaard | Sediment transport processes and morphodynamics on a reflective beach under storm and non-storm conditions[END_REF][START_REF] Nielsen | Sheet flow sediment transport under waves with acceleration skewness and boundary layer streaming[END_REF]. Wave non-linearities are thus an essential component to address when trying to explain onshore sediment transport.

Accretion mechanism driver : Wave non-linearities

Last paragraph has demonstrated that wave non-linearities are an essential component to explain onshore sediment transport. To predict coastal evolution, both erosion and accretion mechanisms should be accurately defined. In the phase-averaged model Xbeach in surf beat mode, [START_REF] Ruessink | On the parameterization of the free-stream non-linear wave orbital motion in nearshore morphodynamic models[END_REF] formula is considered to take into account velocities non-linearities in the bed shear stress. This formula is mainly based on the Ursell number U r = 3 8 Hsk (kh) 3 with k, the local 3.4. WAVE NON-LINEARITIES 61 wave number and h the water depth. [START_REF] Rocha | Improving the parameterization of wave nonlinearities – The importance of wave steepness, spectral bandwidth and beach slope[END_REF] have shown that bed slope influence the maximum of non-linearities reached near the breaking and have included it in the formula. We therefore investigated the influence of wave non-linearities on bed shear stress as well as the influence of bed slope and roughness on wave non-linearities in the shoaling and outer surf zone in the framework of C. Hayoun PhD (2019-2022) and more recently via the ANR JCJC project WEST (2021-2024) that I coordinate. Since the measurement of bed shear stress require high temporal and spatial measurements that are not yet feasible in situ, we plan to use a numerical model resolving the vertical processes (Wave2Foam, [START_REF] Brown | Evaluation of turbulence closure models under spilling and plunging breakers in the surf zone[END_REF]). The first step is to validate our numerical configuration. The 14-wave gauges cross-shore profile dataset acquired during DYNATREZII at Porsmilin [START_REF] Caulet | Les plages sableuses en environnement macro-tidal : de l'influence de la pente sur les processus morphodynamiques[END_REF] is considered. The wave non-linearities are then calculated and analyzed.

Only preliminary results are presented on wave non-linearities, since this work has begun with A. Diouf master 2 thesis (2020) and C. Hayoun PhD (2019-2022) (co-supervised by J.-F. Filipot, scientific head of France Energies Marines). Bonneton et al. [2018] and [START_REF] Martins | Non-hydrostatic, nonlinear processes in the surf zone[END_REF] have shown that the linear reconstruction (so-called transfer function [START_REF] Bishop | Measuring waves with pressure transducers[END_REF]) fails to describe the peaky and skewed shape of nonlinear waves, and lead to an underestimation of the individual wave height by up to 30% just prior the breaking point. [START_REF] Martins | Non-hydrostatic, nonlinear processes in the surf zone[END_REF] have derived a nonlinear weakly dispersive formula to reconstruct, from pressure measurements, the surface elevation of nonlinear waves propagating in shallow water. Despite the strong nonlinearities naturally found close to the breaking point, and even in the presence of strong wave reflection, the novel method was found to perform very well. This method was thus used to process the DYNATREZ II wave gauges. A particular attention has to be put on the choice of the cut-off frequency f c using this method. [START_REF] Martins | Non-hydrostatic, nonlinear processes in the surf zone[END_REF] have shown that the choice of f c affects the values of skewness and asymetry computed from the reconstructed elevation. For instance, if f c equal three times the peak frequency of the signal, skewness values are underestimated by 50%. For DYNATREZII dataset, the accurate f c to use seems to be 0.4 Hz. Asymetry and skewness are then calculated following [START_REF] Elgar | Eulerian measurements of horizontal accelerations in shoaling gravity waves[END_REF]. Velocity non-linearities are estimated from wave shape non-linearities using linear theory at intermediate depths [START_REF] Rocha | Improving the parameterization of wave nonlinearities – The importance of wave steepness, spectral bandwidth and beach slope[END_REF]. This method is applied to the 14 wave gauges, at each 10 minutes of measurement, leading to a dataset of about 6000 data. A cross-shore profile is given as example Fig. 3.11.

In Xbeach surf beat mode (phase-averaged), [START_REF] Ruessink | On the parameterization of the free-stream non-linear wave orbital motion in nearshore morphodynamic models[END_REF] formula is considered to take into account velocities non-linearities in the bed shear stress. This formula is mainly based on the Ursell number U r = 3 8 Hsk (kh) 3 with k, the local wave number and h the water depth. [START_REF] Rocha | Improving the parameterization of wave nonlinearities – The importance of wave steepness, spectral bandwidth and beach slope[END_REF] have shown that bed slope influence the maximum of non-linearities reached near the breaking and have included it in the formula. C. Hayoun has demonstrated that on macrotidal zone, where surf zone bedslope is not constant since the surf zone moves all along the intertidal zone, the best is to choice the surf zone bed slope instead of the average bed slope of the beach to determine the maximum of non-linearities. Moreover, first comparison with the literature formula demonstrates that our recorded velocity non-linearities does not evolve similarly with the Ursell number (Fig. 3.4). This work is in progress and is part of the ANR JCJC WEST (2021-2024) detailed in the last chapter.

Even if [START_REF] Martins | Non-hydrostatic, nonlinear processes in the surf zone[END_REF] formulation improves the quantification of the non-linearities near the breaking, the precise wave shape at the breaking remains undefined with a wave gauge. Measuring wave non-linearities with sufficient accuracy implies to be able to reconstruct the sharp shape of the free-surface close to breaking. Latest development in stereo-video systems [START_REF] Benetazzo | Offshore stereo measurements of gravity waves[END_REF][START_REF] Filipot | La Jument lighthouse : A real-scale laboratory for the study of giant waves and their loading on marine structures[END_REF][START_REF] Schwendeman | Sharp-Crested Breaking Surface Waves Observed from a Ship-Based Stereo Video System[END_REF] and remote sensing such as LiDAR [Almeida et al., 2020[START_REF] Martins | High-resolution monitoring of wave transformation in the surf zone using a LiDAR scanner array[END_REF], allowing complex surface to be recorded in 3D, now makes measuring non-linear waves shape a possibility.

In DynELi team, we have begun to test these two systems. Concerning LiDAR, we plan to put our 16-beam system on a drone, in stationary flight above the surf zone. This system has been tested during DYNATREZ II and exploited in the framework of W. Boudaour Master 2 thesis (2020). Concerning stereo-video measurements, we have tested to measure 3D free surface deformation from the cliff surrounding Porsmilin beach during DYNATREZ II, using Ifremer system [START_REF] Leckler | Analysis and Interpretation of Frequency–Wavenumber Spectra of Young Wind Waves[END_REF]. [START_REF] Caulet | On the use of stereo-video data for 3D sea surface reconstructionmeasurements in shoaling and surf zones[END_REF] and [START_REF] Filipot | La Jument lighthouse : A real-scale laboratory for the study of giant waves and their loading on marine structures[END_REF] have shown an uncertainty of 0.5 m considering mean wave height of 0.5 m at Porsmilin and 20 m in Iroise sea. This is unsatisfactory on Porsmilin (Fig 3 .4). We are collaborating on several projects (e.g. ANR DIME, CNES TOSCA MAEVA) in order to improve stereo-video measurements accuracy using newly developed inversion methods. These developments are the technical part of the ANR JCJC WEST, which is detailed in the last chapter.

High morphogenic wave-generated current :

Flash rips

Waves are also responsible for nearshore currents (undertow, longshore drift, rip currents) able to transport sediment. Among them, flash rip currents are transient non-fixed offshore-directed jets of water often associated with migrating surf-zone eddies. They can occur on featureless (alongshore-uniform) beaches and are essentially hydrodynamically controlled [START_REF] Castelle | Rip current types, circulation and hazard[END_REF]. Due to their unpredictable nature, they represent one of the most significant hazards to bathers across surf zones worldwide, especially in Tropical West Africa, where high levels of flash rip activity and a lack of a lifeguard service lead to high drowning rates. Despite their intensity (high morphogenic capacity) and their dangerosity, flash rip currents are poorly documented. [START_REF] Castelle | Rip current types, circulation and hazard[END_REF] has highlighted two contrasting driving mechanisms for non-fixed rips, (1) cascading vortices generated by wave breaking, and (2) shear instabilities of the longshore current. Scott et al. [2018] and Floc 'h et al. [2018b] have provided the first quantitative scientific understanding of wave-driven currents in Tropical West Africa. We have realized a 10 days field campaign at Grand Popo beach (Benin) (CNRS-INSU project LEFE, coordinated by R. Almar from LEGOS). This alongshore-uniform beach experiences flash rips and strong cross-shore topography variation. The first paper is based on the collection of Lagrangian field measurements and the second on video measurements.

Using Lagrangian (human) drifters in the surf zone, [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy mesomacrotidal multiple-barred beach[END_REF] first showed the coexistence of swash and flash rips on the beach of Grand-popo, Benin. However, and although this dataset was completed with additional Lagrangian data collected during a subsequent experiment at the same beach Scott et al. [2018], the number of captured flash rip events were quite limited ( 30). Video monitoring appears as a suitable approach to capture flash rips dynamics on a wider range of time scales with limited effort. Such an approach has only been tentatively applied once on the Gold Coast [START_REF] Murray | Video-imaging of transient rip currents on the gold coast open beaches[END_REF], showing the potential of such an approach to capture flash rips. In Floc 'h et al. [2018b], a simple method based on optical thresholds is developed to detect flash rips from the water turbidity. As the flash rips transport a substantial amount of sediments in suspension offshore beyond the surf zone, the surface water is browner within the rip than in the surrounding sea which is greener (Fig. 3.14 Left). Detection of rip-currents is thus based on (1) a threshold on the red value in RGB format which is first used to remove the part of beach and swash zone in the image. (2) In order to reinforce the contrast between green and brown outside of the surf zone, a threshold on hue value in HSV-format is applied (Fig. 3.14 Right). Their main characteristics (offshore extension, alongshore migration, head size, lifetime and mean velocity) are derived to provide new insight into the flash rip dynamics along the Gulf of Guinea and their links with tidal elevation and wave conditions. 434 events of rip current were counted over a 7-day period (57 hours of video processed). With a mean lifetime of approximately 2 minutes, a cross-shore extension between 50 and 90 m, a more intense activity at low tide and persistent downdrift migration, our results on flash rip dynamics are in agreement with the interspersed Lagrangian measurement at this beach [START_REF] Castelle | Equilibrium shoreline modelling of a high-energy mesomacrotidal multiple-barred beach[END_REF]]Scott et al. [2018]. Flash rip activity is maximized for shore-normal wave incidence and mild wave conditions showing that flash rips are not driven by shear instabilities of the longshore current at this site. We hypothesize that the whole Grand Popo beach experiences the same shedding frequency leading to in average 75 flash rips flowing along the beach and extending up to 90 m offshore every hour.

These results support previous research indicating that flash rip activity increases with near-normal wave incidence [START_REF] Johnson | Transient rip currents and nearshore circulation on a swell-dominated beach[END_REF]. The relationship with reduced directional spreading is in line with the findings of Johnson and [START_REF] Johnson | Transient rip currents and nearshore circulation on a swell-dominated beach[END_REF] for swell-dominated beaches, with the breaking wave crest instability, but somewhat contrary to modelling studies by [START_REF] Spydell | Lagrangian drifter dispersion in the surf zone : Directionally spread, normally incident waves[END_REF] and [START_REF] Suanda | A self-similar scaling for cross-shelf exchange driven by transient rip currents[END_REF] who found that non-dimensional exchange velocity, surf zone flushing time, and cross-shore decay length scale of transient rips to be strongly positively related to direction spreading of the waves (increased short wave vorticity). But, [START_REF] Suanda | A self-similar scaling for cross-shelf exchange driven by transient rip currents[END_REF] also identified a strong relationship between the cross-shore extent of flash rips (relative to surf zone width) and the breaker type through the Iribarren number (function of beach slope and wave steepness) indicating that steep beaches with low steepness waves may exhibit flash rips extending many surf zone widths offshore. In the Grand Popo case, reduced directional spread was associated with longer-period narrow-banded waves due to reduction of local wind wave component, increasing the Iribarren number. Finally, maximum offshore-directed rip velocity was found to be significantly related to significant wave height and tide level. [START_REF] Macmahan | Mean lagrangian flow behavior on an open coast ripchanneled beach : A new perspective[END_REF] also demonstrated a weak positive correlation between wave height and transient eddy velocity through observations and numerical modelling.

The site was unusual due to swell-dominated wave climate, alongshore-uniform terrace and steep upper beach, and unique due to the absence of morphological variability and associated bathymetrically controlled surf zone circulation, therefore represented an ideal site for the study of hydrodynamically-controlled rips and was representative of much of the West African coast. These findings can provide the basis for the development of a rip hazard indicator and development of effective lifeguarding in West Africa. But, due to its remoteness and location it is a logistically difficult location to work, as such the sample sizes are relatively small due to equipment availability and field personnel and are not expected to represent either a comprehensive synoptic view of the surf zone circulation or a broad parameter space of forcing conditions.

Influence of internal waves on sediment transport ?

I was interested in investigating the influence of internal waves (solitary waves) on sediment transport. Actually, I studied internal waves during my post-doc, and I had the opportunity to visualise internal waves with an ADCP (Acoustic Doppler Current Profiler) and a EK60 (multifrequency acoustic plancton profiler), leading to a peer-review article dealing with the reliability of the visualization method and the associated shear currents [START_REF] Gentil | Internal solitary waves on the nw african shelf : evidences of increased diapycnal mixing[END_REF]. According to literature, high-frequency internal waves (solitary waves) could reach shallow water 

Conclusion

Coastal dynamics result from anthropic and natural processes. To properly evaluate the nearshore variability, each morphogenic processes should be well described. In this chapter, I have described the achieved projects dealing with hydrodynamic forcing (nearshore water levels, waves and currents). The in situ measurements acquired during the different campaigns are rich in terms of diversity of observed processes (waves, currents, levels, and morphologies), in terms of spatial resolution (intertidal zones, topographical surveys of a section of beaches, sometimes even the subtidal zone in front of the beach) and in terms of temporal resolution (high frequency acquisitions, over fortnightly cycles). The presented datasets will allow to think about papers dealing with one process over different environments, such as infragravity waves or water levels for instance. To couple observations and numerical modeling is shown to be of strong interest : 1/ observation permit to validate the numerical outputs and 2/ numerical configurations permit to extend the range of observed conditions, leading to a deeper understan-ding of the process of interest. Besides, these observations enrich the international community database. The best practices of sharing of measurement procedures and data are done in the framework of DYNALIT.

However, even if all the funded and achieved projects presented in this chapter had the ambition to make progress on hydrosedimentary processes, the main conclusions often dealt with hydrodynamic processes only. The sediment transport quantification is not often done via observation but via empirical formulations based on hydrodynamic processes (mainly shear stress and turbulent stress), even if the applicability of these formulations is often questioned. Access to a reliable sediment fluxes measurements would lead towards a better knowledge of the hydrosedimentary processes, and thus an improved prediction of coastline changes. This is the topic of the next chapter.

Chapitre 4

Sediment transport quantification

Sediment transport results from hydrodynamics, aeolian and anthropic forcings, leading to nearshore morphodynamics. The study of sediment transport is essential in coastal areas, because their presence impact the environment, from marine habitats or water quality degradations, to important changes of the seabed and nearshore morphology. Among the great challenges of operational flow monitoring, sediment transport measurements are of primary importance nowadays because they address to several fundamental environmental, industrial and societal issues related to the monitoring and prediction of extreme climatic events and their impact on fluvial, estuarine and coastal nearshore morphodynamics ; the management of hydro-electrical resources ; the integrated coastline management strategy ; the monitoring of waste water networks ; the optimisation of our natural water and sediment resources ; the design of hydraulic structures ; the fisheries ressources management strategy. Sediment fluxes are clearly identified as one of the key factors driving the effective functioning of coastal marine areas.

Access to a reliable sediment fluxes measurements would lead towards a better knowledge of the physical processes responsible for the impacts of sediment fluxes on the environment and the socio-economical context. The estimation of sedimentary transport can be achieved either through in situ measurement or hydro-sedimentary numerical model, which prediction is based on semi-empirical transport laws validated according to lab experiments. While in situ data are valuable because they represent the reality, the hydrosedimentary model allows to consider spatial and temporal extensions relevant to most interesting processes. This chapter includes a first section summarizing the state of the art on measurement techniques. Then the different scientific questions we have tackled using these methods are detailed in the second and third sections. By the presentation of the obtained results, I will highlight the avantages and drawbacks of each me-thod, and point out the technological/methodological key issues to tackle in order to make progress in the accuracy of sediment transport measurement, a required step to reach a reliable sediment fluxes quantification and a deeper understanding in hydrosedimentary processes. The second section deals with acoustic techniques to measure suspended load, and the third with bedload study.

State of the art

Direct measurement techniques of bedload and suspended load quantification

Two types of sediment transport exist : suspended and bedload transport.

Historically, the characterization of the suspended load (or Suspended Particulate Matter SPM) is carried out by in situ water sampling. A device can be deployed, typically a Niskin bottle, into the water column, manually or by towing it on a cable [START_REF] Gray | Surrogate technologies for monitoring suspended-sediment transport in rivers[END_REF]. The samples are then analyzed by filtration. This type of measurement is intrusive (locally modifying the medium properties) and suffers from severe limitations in terms of representativeness (punctual measurement at a given time). The filtration step generates uncertainty of up to 20% on the concentration. This uncertainty is due to the inaccuracies associated with the handling of samples, the implementation of filtration by an operator, and the possible development of organic content (e.g. phytoplankton) between the time of sampling and the time of analysis [START_REF] Fromant | Mesure de matières en suspension (mes) dans la colonne d'eau par combinaison de méthodes acoustiques et optiques[END_REF].

Concerning the bedload transport, as for the suspension, the direct methods are based on the recovery of sedimentary material supposedly mobile by means of a mechanical device. This mechanical device can be installed on the sea bed almost permanently, or placed on the bed for short-term use. These are intrusive methods of measurement, which can disturb local flow and transport. Besides, the deployment of these devices can be difficult or dangerous during intense hydrodynamic conditions, when it is actually the most interesting to observe. More detailed description of direct measurement techniques of suspended load and bedload are presented by [START_REF] Fromant | Mesure de matières en suspension (mes) dans la colonne d'eau par combinaison de méthodes acoustiques et optiques[END_REF] and [START_REF] Homrani | Morphodynamique des dunes en eau peu profonde et transport sédimentaire : Le banc du creïzic[END_REF] respectively.

In order to overcome these limitations, sediment transport measurements may also be carried out through so-called indirect methods.

Indirect measurement techniques for suspension load quantification

For the quantification of suspended load, immersive optical methods can be used, such as the turbidity probe, which provides a punctual measurement of the concentration of suspended sediment, which is easy to implement and inexpensive [START_REF] Gray | Proceedings of the Federal Interagency Workshop on Turbidity and Other Sediment Surrogates[END_REF], or the laser granulometer which is used to determine the concentration of sediment depending on size classes, but which is more difficult to deploy and more adapted to fine and medium particles [START_REF] Gray | Surrogate technologies for monitoring suspended-sediment transport in rivers[END_REF]] [Fromant et al., 2017]. Satellite imagery [START_REF] Gohin | Satellite-derived parameters for biological modelling in coastal waters : Illustration over the eastern continental shelf of the bay of biscay[END_REF]] may be used. It is a passive remote sensing technique, giving access to the suspended transport in the surface layer at regional scales, and providing an estimate of integrated suspension content on regional scales, not compatible with the study of transport processes.

One promising method is the lidar topo-bathymetric method, active remote sensing technics, but the backscatter inversion in the water column in terms of concentration is at the early stage of its development [START_REF] Zhao | Remote sensing of suspended sediment concentrations based on the waveform decomposition of airborne lidar bathymetry[END_REF]. In 2013, I have contributed unofficially to the supervision of a post-doc on this topic in the framework of a CNES-TOSCA project. We have first begun with Walid simulator from IRSTEA [START_REF] Abdallah | Wa-lid : A new lidar simulator for waters[END_REF]. This simulator generates a wave form of Bathymetric lidar when crossing the water column and hitting the bottom. Bottom detection via lidar is particularly sensitive to the presence of sediments and chlorophylle. WAlid consider a diffuse attenuation coefficient integrating the average concentration of sediment and chlorophylle predicted over the water column. In situ datasets have been acquired and full waveform of lidar have been generated. It appeared that the overall shape of the simulated signal corresponded to the actual signal, however the variations of the signal in the water column were not simulated. These variations can be explained by the fact that the particle-induced backscattering effects were not modeled in the simulator. Actually, what we could call "the noise" of the signal corresponds to the perturbation due to suspended particulate matter. A deep understanding of the interaction between the optical wave and the SPM is necessary in order to retrieve the SPM characteristics. One solution was to consider a more realistic approach based on a multi-layered Monte-Carlo method, first used to model light transport across human tissue [START_REF] Prahl | A monte carlo model of light propagation in tissue[END_REF]. The model simulates the launch of many photons (stochastic model) during their interactions with the surrounding environment, which can be composed of layers of different concentrations of scatterers. At the same time, LSOL lab at UBO was considering lab device in order to record laser fullwaveform across a medium full of very fine particles. We have financially contributed to their lab device, and they have tried to apply our method on their datasets. A field experiment has been conducted by M. Jaud in 2017 in Bertheaume Bay (France) in order to compare bathymetry and SPM measurements from several optical devices. This campaign included the passage I have detailed this work in order to point out that the apparent noise for some scientists will be the signal for others : physicists from LSOL are studying the interaction of optical wave with SPM in order to be able to erase this noisy part from the signal, whereas our team would like to keep only this part of the signal in order to retrieve SPM characteristics. This is also true using acoustical methods. Acoustical backscatter inversion is the most promising method to measure SPM [START_REF] Clay | Acoustical oceanography : principles and applications[END_REF][START_REF] Morse | Theoretical acoustics[END_REF][START_REF] Medwin | Fundamentals of acoustical oceanography[END_REF], widely used nowadays. Acoustical methods have the advantages of providing non-intrusive measurements, over the whole or a part of the water column, with high spatial and temporal instrumental resolutions. Two distinct groups or approaches can be described :

-Multifrequency instruments yield the most promising results. Through the measurement of the volume backscattering coefficients and given a specific backscattering model that describes the scattering properties of a particle (mineral or organic), and if necessary given a specific total scattering model in case of high sediment attenuation, inversion methods have been designed and successfully applied to retrieve both concentration and size distribution of a suspension (i.e. the heterogeneous mixture containing these particles, themselves seen as heterogeneities inside a fluid). Whether to estimate zooplankton biomass and trophic activity (e.g. [START_REF] Holliday | Determination of zooplankton size and distribution with multifrequency acoustic technology[END_REF]), non-cohesive sediment size distribution and concentration (e.g. [START_REF] Thorne | A review of acoustic measurement of small-scale sediment processes[END_REF]) or cohesive sediment (floc) mean radii and concentration [Fromant et al., 2017], the use of multifrequency systems has improved our knowledge of the water content of both oceans and rivers.The number of available frequencies and insonified range depend on the application. These instruments were originally developed for the evaluation of fish stocks as sounders, then for planktonic communities cells survey. In this context, the target size is much smaller than fish (from a few micrometers to millimeter), and the use of high frequencies, of the order of Mhz, is necessary. In order to determine the type of observed zooplankton, an inverse problem must be solved. According to theoretical, semi-empirical or empirical backscatter model describing the properties of the backscattered acoustic field generated by the particles and adequate inversion method, suspended load concentration and size class distribution is retrieved. Similarly, this technology has proven to be efficient in describing sediment suspension in rivers and estuaries [START_REF] Moore | Using multi-frequency acoustic attenuation to monitor grain size and concentration of suspended sediment in rivers[END_REF]] [Fromant et al., 2017].

-Instruments operating at a single frequency often operate at frequency from hundreds of kHz to MHz. Their original goals focus on the measurement of bathymetry or currents. This is the case for the Acoustic Doppler Current Profilers (ADCP) [START_REF] Merckelbach | A model for high-frequency acoustic doppler current profiler backscatter from suspended sediment in strong currents[END_REF][START_REF] Tessier | Caractérisation et dynamique des turbidités en zone côtière : l'exemple de la région marine bretagne sud[END_REF], the monobeam echosounders or even multibeam echosounders [START_REF] Fromant | Mesure de matières en suspension (mes) dans la colonne d'eau par combinaison de méthodes acoustiques et optiques[END_REF][START_REF] Fromant | Suspended sediment concentration field quantified from a calibrated multibeam echosounder[END_REF]. In order to retrieve suspended load concentration according to mono-frequency instrument, an empirical calibration must be done considering an other instrument : either a turbidity probe itself calibrated vs sampling data, or a multifrequency profiler that can be inverted considering a proper backscatter model. This latter calibration leads to less uncertainty than the first one. If some properties of the suspension are already known, less frequencies are required. This is summarized in Fig. 4.1 and detailed through the different project I have conducted, all along this chapter. All of the above-mentioned techniques have been described in detail in the state of the art of G. Fromant's PhD report [START_REF] Fromant | Mesure de matières en suspension (mes) dans la colonne d'eau par combinaison de méthodes acoustiques et optiques[END_REF].

Indirect measurement methods for bedload quantification

The most frequently used indirect method to measure bedload transport is the use of bathymetric data, either by direct Difference of DTMs for a bed without sedimentary structures, or, in addition, by monitoring the migration of sedimentary structures on the bottom if present. This method is therefore particularly suitable to quantify transport associated with dunes. According to a geometric calculation, the volume of displaced sediments between two successive bathymetries via structural migration is obtained [START_REF] Simons | Bedload equation for ripples and dunes[END_REF], and thus the residual or cumulated sedimentary transport. The advantage of this method is that it provides a spatial coverage of transport at the full scale of the object of study. However, the quantification does not strictly correspond to bedload only, since the migration of dunes is partly due to suspension. On the other hand, this is a residual or cumulated estimate, i.e. integrated over time between acquisitions, and it is therefore necessary to multiply the acquisitions in order to obtain a satisfactory time resolution. The same method exist for the beach topography for example, acquiring two snapshots using a DGPS, a Terrestrian Laser Scanner, a drone (photogrammetry) or the inversion of video images of the waterline during one tide cycle (see Section 3.1). Actually, these methods based on two snapshots of a spatial domain give access to the sediment deposit quantity and not to the sediment flux. The temporal resolution of the method using a permanent video system is the best, since a daily topography could be retrieved, but the uncertainty grows with the wave setup value.

In order to measure sediment fluxes, continuous measurements should be done. Video imaging could also be considered : a video system is placed above the bed and record what occurs over the bed. This method give the number of displaced particles over a sampled area in time, since it allows the tracking of mobile particles, for example with the DySPI device [START_REF] Blanpain | Dynamique sédimentaire Multiclasse : De l'éude des processus à la modélisation en Manche[END_REF]. This device enabled the deployment of a camera at the water-sediment interface, for areas exposed to extreme hydro-sedimentary conditions, but would be unsuitable for the study of mobile sedimentary structures. Some studies implement an ADCP (active acoustics) measuring the speed of the current in bottom tracking mode and a differential positioning system (DGPS) measuring the speed of the bed, to obtain a measure of the apparent speed of the bedload layer, suitable for the survey of a mud layer. This method is limited by its inaccuracy in resolving the thickness of the mobile layer. Instrumented pebbles can also be used in order to follow coarse particules. These pebbles emit an acoustic signal, that could be recorded from three acoustic receivers, geolocalizing them.

Recently, bedload transport has been estimated from passive acoustics methods. For very coarse particles in river, a geophone associated with a metal element placed on the bottom, impacted by the particles in transport can be used, after a calibration step of the received noise. It is also possible to exploit seismic network data. For finer particles as sand, a passive acoustic method introduced in the 1960s and theoretically formalized by [START_REF] Thorne | Generation of underwater sound by colliding spheres[END_REF] has recently experienced significant advances [START_REF] Blanpain | Passive acoustic measurement of bedload discharge features on a sandy seafloor[END_REF]; [START_REF] Geay | Passive acoustic monitoring of bed load discharge in a large gravel bed river[END_REF]. This method exploits the sound generated by the colliding particles on the bottom, recorded with a hydrophone. It determines the quantity of grain in transport, and the associated grain size, according to the intensity and peak frequency of the recorded sound, respectively. All of the above-mentioned techniques have been described in detail in the state-of-the-art of S. Homrani's PhD report [START_REF] Homrani | Morphodynamique des dunes en eau peu profonde et transport sédimentaire : Le banc du creïzic[END_REF].

We have used these different methods cited above in the state-of-the art in many research projects. I detail in the following the scientific questions we tackled, and the sediment transport measurements method we had chosen to address to them. By presenting the obtained results, I will highlight the avantages and drawbacks of each method, and point out the technological/methodological key issues to tackle in order to make progress in the accuracy of sediment transport measurement, a required step to reach a reliable sediment fluxes quantification and a deeper understanding in hydrosedimentary processes.

Suspended sediment fluxes

If some properties of the suspension are already known, some hypothesis can be done, which simplify the measurement technique to use. The desired accuracy of the results, as well as the spatial coverage will also contribute to the choice of the method. This is summarized in Fig. 4.1 and detailed through the different projects I have conducted, all along this section. I will begin by the simplest method, using an empirical calibration of the acoustical backscatter (4.2.1). This method reaches nowadays a high TRL (Technological Readiness Level) and is widespread even if its accuracy is low (about 50% of uncertainty). Then, I will introduce the use of backscatter model, which leads to a better quantification reducing the uncertainties. The critical point is to choice the appropriate backscatter model. It depends on the water content : the geometry and type of the SPM. Less we know about the suspension (or less hypothesis we could make), more frequencies we need (Fig. 4.1). I will present an example of study on a sandy beaches (4.2.2), where the type of SPM is supposed to be spherical sand. Only its size is unknown. I will then present the case of an unknown suspension, as found in most environnements (4.2.3). To extend the spatial coverage of the sediment concentration measurements would lead to a complete description of many hydrosedimentary processes that generate strong spatial gradients. this is the topic of 4.2.4 using a Multi-Beam Echosounder System (MBES). this leads to the inconsistency of most backscatter models, that are adapted to mono-type suspension. The last part (4.2.5) describes a controlled environnment, an innovative lab facility called DEXMES, that have been funded and conceived by DynELi team.

Application of an empirical calibration

Turbidity is shown in many studies to be linked to mass concentration via a positive linear function [START_REF] Chanson | Using turbidity and acoustic backscatter intensity as surrogate measures of suspended sediment concentration in a small subtropical estuary[END_REF]] [Fromant et al., 2017; Mos- kalski et al., 2018]. Turbidity is thus calibrated empirically vs the concentration deduced from the filtration of the water samples. Concentration timeseries from a moored turbiditymeter can then be used to calibrate acoustic backscatter of an ADCP for example [START_REF] Merckelbach | A model for high-frequency acoustic doppler current profiler backscatter from suspended sediment in strong currents[END_REF][START_REF] Tessier | Caractérisation et dynamique des turbidités en zone côtière : l'exemple de la région marine bretagne sud[END_REF][START_REF] Tessier | Estimation de la matière en suspension à partir de l'intensité rétrodiffusée des courantomètres acoustiques à effet doppler (adcp)[END_REF]. This lead to the colocation measurement of the velocity v and the concentration C, leading to the sediment flux F = Cv. This method is widespread for the survey of SPM concentration in estuary. Near Brest, the Aulne river is particularly turbid, exporting an estimated 7,000 tons of suspended sediment per year to the Bay of Brest [START_REF] Bassoulet | Etude de la dynamique des sediments en suspension dans l'estuaire de l'aulne (rade de brest) -study of the suspended sediment dynamics in the aulne estuary (brest bay)[END_REF]. This input of sediment impacts the ecosystem of the bay. Any changes could modify the ecosystem. In 2012, we have initiated a project on the long-term estuarine change by examining sediment transport processes in this estuary. The objectives were to investigate the variability of the bathymetry, to compare sediment fluxes to previous results, obtained 35 years earlier by P. Bassoulet from Ifremer, and to detail the different contribution to the fluxes (tide, river discharge, seasonality). I have supervised a post-doc, S. Moskalski (LabexMER fellowship program, 2012-2014), using ADCP measurements empirically calibrated to address estuarine sediment fluxes. She has worked on the Aulne maritime estuary (Fig. 4.2). The field campaigns and the processing are detailed by Moskalski et al. [2018] and Moskalski et al. [2020]. This project has initiated the collaboration with R. Verney, DHYSED/DYNECO/IFREMER.

The results highlight several changes to the estuary [Moskalski et al., 2018]. Peak tidal current velocity in the upper estuary increased and the tidal distortion became more pronounced. The salinity intrusion now propagates farther landward during low discharge. The strength of the vertical gravitational circulation decreased. Other mechanisms affecting sediment transport remained consistent. We found the same tidal asymmetries, sediment concentration, responses to changes in river discharge, and strong spring/neap variability as in 1977. The observed differences between years indicate that the sediment transport system in the Aulne is evolving on tidal and supratidal timescales, but the rate of change has not been sufficient to alter sediment transport on longer-than-tidal timescales. The most likely driver of the observed changes to the Aulne is bathymetric changes caused by cessation of commercial boating traffic (Fig. 4.3).

Residual suspended sediment flux in estuaries is dependent on water level, velocity, and suspended sediment concentration (SSC), but complex interactions between these variables and other forcing mechanisms can lead to drastic differences in the magnitude and direction of sediment flux. Moskalski et al. [2020] have quantified residual suspended sediment flux in the Aulne, and have determined its most important forcing mechanisms, using the Dyer flux decomposition equation [START_REF] Dyer | Estuaries : a physical introduction[END_REF][START_REF] Yu | Tide-induced suspended sediment transport : Depth-averaged concentrations and horizontal residual fluxes[END_REF] and a simplified analytical model. The vertical tide was slightly flood dominant near the mouth, but strongly flood dominant upstream. Velocity was ebb dominant throughout the estuary. The magnitude and direction of total residual suspended sediment flux changed with position in the estuary and seasonally. The Eulerian flux was dominant at the mouth, but the The shallowing of the estuary landward combined with little decrease in tide range distorts the water level and velocity in the upper estuary, and creates a very complex hydro-sedimentary system in the Aulne. The forcing mechanisms contributing to residual suspended sediment flux in the Aulne estuary comprise over tide and compound tidal velocity constituents, and complex SSC variability in addition to those included in the Yu model (the mean water depth ; M2 horizontal tidal amplitude ; residual, M2, and M4 velocities ; and the depth-averaged SSC gradient).

Nevertheless, whereas the qualitative variability observed is reliable with that type of method, the uncertainty on the quantification is difficult to address. The relationship with sampling giving the conversion between turbidity and sediment concentration includes a strong uncertainty (about 20%). Moreover, the sampling step is typically done the first day of the field campaign, turbidity from different water depth is correlated to water sample at the same depth and a unique linear function is calibrated. Comparatively, the turbidity meter is then put on the ADCP mooring and is linearly linked to the acoustic backscatter index in the first cell of the ADCP, which is often quite scattered (for a review on the uncertainties, see [START_REF] Fettweis | Uncertainties associated with in situ high-frequency longterm observations of suspended particulate matter concentration using optical and acoustic sensors[END_REF]). These procedures hypothesize that the type of sediment is uniform over the water depth, and constant in time. It is worth using qualitative data only, without any sampling.

For example, to study sediment transfer in Benin, without any facilities to filter or conserve our samples, we have analyzed the variability of the SPM concentration in NTU directly (Fig. 4.4). The goal of this study was to realize a sediment budget on the Grand Popo beach (Benin). Caused by different factors (dam construction, harbor development, dredging, climate change...) West African coast is submitted to strong erosion since the 1960's [START_REF] Laïbi | Longshore drift cell development on the human-impacted bight of benin sand barrier coast, west africa[END_REF]. All these factors have disequilibrated the sediment balance, decreasing the natural sediment input on coast leading to strong erosion. Erosion in Cotonou currently reaches 10 m/year [START_REF] Dossou | The vulnerability to climate change of cotonou (benin) the rise in sea level[END_REF]. However, strong erosion still occurs and the huge amount of sediment loss is still not fully explained considering only these environmental modifications. Sediment budget includes many components : river discharge, coastal erosion, wind transport, nourishment, mining, canyon sinking, cross-shore transport at the offshore boundary and longshore transport. These two latter components are submitted to complex hydrodynamic processes linked to waves, tides, wind and even interactions with beach morphology. Only few studies focus on the offshore boundary and thus on the cross-shore sediment transport from the coast to the upper shelf. However, this component is of primordial interest when studying an eroded coastline. With K. Aziayibor, Master 2 student from Cotonou, we have processed the data from an ADCP and a turbidity probe that was located in the shoaling zone. More detailed on the field campaign and the data processing are available in [START_REF] Almar | The grand popo beach 2013 experiment, benin, west africa : from short timescale processes to their integrated impact over long-term coastal evolution[END_REF] and Floc'h et al. [2018a].

Our first hypothesis was that flash rips (see Section 3.5) could be responsible for strong cross-shore sediment transport, maybe reaching the surf zone. That could have meant that this part of sediment would have been lost for the beach (no possible return). Three main events of suspension over the whole water column were observed, during intense wind (>5m/s) lasting more than 8 hours (Fig. 4.4). Actually, the water surface was put in motion after about 3-4 hours of intense wind, then the momentum was transferred to the bottom after 2 or 3 hours depending on the intensity of the wind. The turbidity was then directly linked to the bottom stress derived from the mean current. No link with the wave climate was found. The longshore resulting flux (always Eastward as the wind) is 20 times higher than the cross-shore flux. The cross-shore flux is mainly directed offshore during the first days (erosive period of the beach) and alternated from March the 15th (concomitant with the beach morphology stabilization and accretion). Link with surf zone processes and beach morphology was only conjecture and a much more focus experiment should be carried out in order to quantify sediment fluxes outside the surf zone using dedicated instruments such as multifrequency sediment profiler. Unfortunately, no scientific boat was available to perform such experiment.

Application of an existing backscatter model

The alternative to an empirical calibration is the use of a theoretical or semiempirical backscatter model. Considering a single particle acoustically insonified, the scattered pressure will depend on the range from the particle, the equivalent particle radius, the sound property in water, and the scattering properties of the particle described by the backscatter model also called the form function. [START_REF] Thorne | Acoustic measurements of suspended sediments in turbulent currents and comparison with in-situ samples[END_REF] has demonstrated that if we consider an elemental volume of scatters, the form function of the suspension corresponds to the form function of a single particle integrated over the volume, considering also a sound attenuation due to the sediments depending on their concentration. For a review on sediment backscatter model, see [START_REF] Thorne | A review of acoustic measurement of small-scale sediment processes[END_REF].

So, knowing the type of sediment allows to choose a backscatter model. Considering the water column near the surf zone of a sandy beach, one can suppose that the main SPM type is non-cohesive sediments of spherical form and considered constant in time. The corresponding backscatter model is a high-pass model (designation after [START_REF] Johnson | Sound scattering from a fluid sphere revisited[END_REF]) defined by [START_REF] Sheng | An examination of the spherical scatterer approximation in aqueous suspensions of sand[END_REF] for spherical quartz particles, and extended to spherical particles of a different nature according to [START_REF] Stanton | Differences between sound scattering by weakly scattering spheres and finite-length cylinders with applications to sound scattering by zooplankton[END_REF]. [START_REF] Thorne | A review of acoustic measurement of small-scale sediment processes[END_REF] propose an empirical formula for non-cohesive sediments of irregular shape. These three models can be used to quantify the sediment fluxes on a sandy beach. In order to invert the signal in term of concentration, we miss the size of the sediments. Using two ADCPs of different frequencies, [START_REF] Jourdin | Dual-frequency adcps measuring turbidity[END_REF] has shown that the sediment size can be retrieved in each ADCP cells from the difference of backscatter index, related to a specific backscatter model. F. Jourdin is associated researcher in DynELi team and collaborates with us on SPM measurements thematic.

I have for example applied this method to quantify the sediment fluxes in the shoaling and outer surf zone of St Louis beach (Senegal), in the framework of ANR Coastvar (2015-2018). St Louis crystalizes most of coastal environmental and societal issues and subsequent vulnerability [START_REF] Laïbi | Longshore drift cell development on the human-impacted bight of benin sand barrier coast, west africa[END_REF]] [Ndour et al., 2020], West Africa and Guinea gulf experiencing the strongest littoral drift in the world, driving most of sediment transport. The water column content was supposed to be composed of medium sand (as sampled on the beach) to fine sand (as sampled at the bottom near the ADCP mooring). Figure 4.5 shows the variability of the particle sizes obtained according to the bi-frequency ratio between two ADCPs (600 and 1200 kHz), for the three backscattering functions [START_REF] Sheng | An examination of the spherical scatterer approximation in aqueous suspensions of sand[END_REF][START_REF] Stanton | Differences between sound scattering by weakly scattering spheres and finite-length cylinders with applications to sound scattering by zooplankton[END_REF][START_REF] Thorne | A review of acoustic measurement of small-scale sediment processes[END_REF]. Three domains (or regimes) are defined defining the type of interaction between particles and waves, according to the value of the product ka with k the wave number and a the mean radius of the particle : Rayleigh domain (ka << 1) , Mie or transition domain (ka = 1) and the geometrical domain (ka >> 1). The three backscatter models converge in the Rayleigh and geometric domains, which are the two boundary scattering regimes. Indeed, the Rayleigh domain corresponds to tending towards zero, i.e. an infinitely small particle size. For this limit, the three functions tend towards the same result. The same is true for infinitely large particle sizes in the geometric domain. The differences appear in the transition regime (Mie regime). In the transition domain, [START_REF] Thorne | A review of acoustic measurement of small-scale sediment processes[END_REF]'s model shows large oscillations, and several different particle sizes are obtained for the same bi-frequency ratio. This is due to the fact that [START_REF] Thorne | A review of acoustic measurement of small-scale sediment processes[END_REF]'s model takes into account the oscillation of the particles due to acoustic wave propagation. [START_REF] Thorne | A review of acoustic measurement of small-scale sediment processes[END_REF]'s model may be interesting to describe a suspension of particles of identical sizes, as the precision on the result will be important. On the other hand, if the suspension of particles has a large size range, or if, as in our case, we do not know in advance the size of the particles, this model is not usable. The [START_REF] Stanton | Differences between sound scattering by weakly scattering spheres and finite-length cylinders with applications to sound scattering by zooplankton[END_REF] and [START_REF] Sheng | An examination of the spherical scatterer approximation in aqueous suspensions of sand[END_REF] models give similar results. With our data, a difference between 10 and 30% depending on the depth is obtained. The [START_REF] Sheng | An examination of the spherical scatterer approximation in aqueous suspensions of sand[END_REF] model, contrary to the [START_REF] Stanton | Differences between sound scattering by weakly scattering spheres and finite-length cylinders with applications to sound scattering by zooplankton[END_REF] model, has been tested on in-situ samples. We can thus think that it better represents the reality on the field. The function of [START_REF] Sheng | An examination of the spherical scatterer approximation in aqueous suspensions of sand[END_REF] was then used for the rest of the study.

The same ADCPs were used to obtain the Reynolds turbulence stresses following [START_REF] Vermeulen | Coupled adcps can yield complete reynolds stress tensor profiles in geophysical surface flows[END_REF] method, which is based on the projection of all ADCPs data in the same frame, and a calculation of the velocities variance. Turbulent stresses being responsible for sediment suspension, being able to measure sediment concentration and turbulent stress at the same location without disturbing the medium is very promising. One ADCP was rotated by 45 • on horizontal plane compared to the other, located at a depth of 6 m in the outer surf zone. Detailed on the complete field campaign are available in [START_REF] Ndour | On the Natural and Anthropogenic Drivers of the Senegalese (West Africa) Low Coast Evolution: Saint Louis Beach 2016 COASTVAR Experiment and 3D Modeling of Short Term Coastal Protection Measures[END_REF]. C. Ingouf (Master 2 and Engineer, 2017) has worked on the Raw ADCPs data processing [START_REF] Floc'h | Dual frequency acoustic measurements of turbulence and sedimentary flows[END_REF].

The sediment concentration evolved depending on the day and depth from 0.15 to 2 mg/L. The sediment size was about 0.17 mm in the suspension observed during energetic events which is coherent with the bottom particles size. The wave height and the Turbulent Kinetic Energy TKE were found closely linked. The higher the waves were, the stronger the turbulence stress was. The maximum height of resuspension was shown to be linked also to TKE. Cross-shore sediment fluxes were directed offshore which is coherent with a loss of sediment on the beach. However, the majority of the flux (85%) was coming through the littoral drift, and composed of coarser particles, corresponding to the beach sediment size. The swell allows the turbulence to propagate on the whole water column and resuspends the particles from the bed.

Even if these results are interesting and gave much more information than using a single ADCP, the method could be improved if each ADCP would have been calibrated before the experiment in order to have precise coefficients in the sonar equation. The use of frequencies separated by two octave at least (for example 300 kHz and 1200 kHz) may decrease the difference uncertainties using [START_REF] Jourdin | Dual-frequency adcps measuring turbidity[END_REF] method, but the smaller the frequency, the smaller the spatial resolution of the ADCP. In conclusion, this method is adapted for intermediate water depth, such as 20 m but not for less than 10 m water depth. Uncertainties remains quite high (at least as high as with empirical calibration using water samples).

Definition of the appropriate backscatter model

In many environments, the type of SPM is not trivial and an adapted backscatter model of the suspension must be defined before beginning to quantify sediment concentration. This is the case in estuary, for floculated cohesive sediments, also called flocs. The use of multifrequency acoustic instruments allow to define a backscatter model if the content of the insonified volume is controlled (lab experiment) or to compare to existing model in order to retrieve the more appropriate one. The resulting backscatter model gives an evidence of the nature of the water column content.

MacDonald et al. [2013]

; [START_REF] Thorne | An overview of underwater sound generated by interparticle collisions and its application to the measurements of coarse sediment bedload transport[END_REF] have described the interaction between sound and flocculated particles placed in controlled environment. [START_REF] Macdonald | Acoustic scattering from a suspension of flocculated sediments[END_REF] showed that neither an elastic sphere nor a fluid sphere model correspond to the response of a suspension of flocculated sediments (kaolin). Yet somehow, the backscatter response of the suspension was located in-between the predicted response from the elastic and fluid sphere models, and showed similarities with the heuristic expression of [START_REF] Moate | Measurements and inversion of acoustic scattering from suspensions having broad size distributions[END_REF]. Indeed, the ag- gregates can be seen as a matrix of several primary particles linked together but filled with interstitial water, leading to reduced density and sound velocity (compressional and shear waves) when considering the aggregate as a whole [START_REF] Thorne | An overview of underwater sound generated by interparticle collisions and its application to the measurements of coarse sediment bedload transport[END_REF]. All authors seem to agree with the idea of considering some kind of weighted solid-fluid particle in the Rayleigh regime [START_REF] Sheng | An examination of the spherical scatterer approximation in aqueous suspensions of sand[END_REF][START_REF] Stanton | Simple approximate formulas for backscattering of sound by spherical and elongated objects[END_REF][START_REF] Macdonald | Acoustic scattering from a suspension of flocculated sediments[END_REF][START_REF] Thorne | An overview of underwater sound generated by interparticle collisions and its application to the measurements of coarse sediment bedload transport[END_REF]. To some extent, these "weighted particles" can locally be assimilated to porous unconsolidated granular material, the water and solid components each contributing to the bulk compressibility and bulk density of the floc. The different backscatter model are represented Fig. 4.6. Thorne [2014] then suggested a backscattering model based on the transition between solid and fluid-like behaviour of the flocs as their size increase. This model provided a rational way of accounting for the behaviour of the backscattered sound from a suspension of flocculated cohesive sediments. Nevertheless, it necessitated the a priori knowledge of some inherent properties of the suspension such as the size and effective density of the flocs. [START_REF] Thorne | An overview of underwater sound generated by interparticle collisions and its application to the measurements of coarse sediment bedload transport[END_REF] had access to these parameters through controlled experiments. Thus, it is difficult to reproduce such measurements with natural flocs, in particular due to the difficulties encountered in situ when it comes to samplings such fragile and easily broken aggregated particles. Applying this model to in situ suspensions thus implies a certain number of assumptions to fully constrain the inversion.

Since the application of the above-mentionned model with in situ data remained not documented, the precise measurement of sediment fluxes in presence of flocs required to calibrate an adapted backscatter model. This task was conducted in the framework of G. Fromant PhD (2012-2015) [START_REF] Fromant | Mesure de matières en suspension (mes) dans la colonne d'eau par combinaison de méthodes acoustiques et optiques[END_REF], using The field experiments conducted by G. Fromant was repeated several times, under different conditions. MBES, Multifrequency sediment profiler Aquascat, Laser Granulometer LISST, turbidity probe and sampling was gathered on the boat to obtain concomitant measurements. Fromant et al. [2017] implemented a simplified inverse model, following [START_REF] Thorne | An overview of underwater sound generated by interparticle collisions and its application to the measurements of coarse sediment bedload transport[END_REF] recommendations, based on the apparent properties of the suspension, determined through independent optical observations. Practically, the density of the elementary particles and an estimate of the porosity of the aggregates were retrieved from previously published observations, the effective density was deduced from Lisst measurements and the particle size was obtained from an Equivalent Spherical Radius (ESR), result of the inversion of the multifrequency signal using the calibrated backscatter model and a Non-Negative Least Square (NNLS) method [START_REF] Holliday | Bioacoustical oceanography at high frequencies[END_REF]. NNLS method is currently used by biologist to retrieve the type of organic materials insonified from multiple frequencies. We were trained on this method by IRD biologist A. Lebourges-Dhaussy, Y. Perrot and G. Roudaut, who work with EK60, a multifrequency plancton profiler. We have participated to a field campaign with them in the framework of ANR EPURE (2012EPURE ( -2015)). One methodological objective was to compare the instrumentation dedicated to plancton (TAPS) and to sediment (Aquascat). The main result was that no difference exists apart the available frequencies (see Annexes of [START_REF] Fromant | Mesure de matières en suspension (mes) dans la colonne d'eau par combinaison de méthodes acoustiques et optiques[END_REF] for more details on EPURE field campaigns).

Come back to the Multifrequency profiler Aquascat in the Aulne estuary, the inversion results (using 0.5, 1, 2 and 4 MHz) were in good agreement with the in situ mass concentration, covering concentration values from 15 mg.L -1 to more than 500 mg.L -1 (Fig 4 .7). As long as a relative steadiness of the mean porosity averaged over the total size distribution is observed, this method is thought to be successful for sediment of reasonable size (a < 200 µm). The use of adapted frequencies is also highly recommended to avoid spanning too far into the geometric regime. Once the suspension is well defined according to Multifrequency sediment profiler results, a single-frequency instrument such as a Multi-Beam Echosounder System (MBES) can be use to spatially extent the measurements, under the assumption of horizontal homogeneity of the suspension properties.

All G. Fromant work has been valorized through his post-doc, funded via ANR ASTRID MATURATION MESURE (2016-2019), with the objective to increase the Technology Readiness Level (TRL) of the development made during his PhD, funded by DGA. This project was in collaboration with D. Hurther from LEGI (Grenoble), with the objective to overcome the profound technological gap existing in SPM measurement science between the academic and industrial sectors, via the transfer of skills and know-how. G. Fromant has developed the hydroacoustic inversion tool HYDRAC. The originality of this tool lies in its high technological readiness level (TRL 5), which ensures the emergence of a performant SPM technology of operational use and its potential commercialization by the business partner of the project. The HYDRAC software is a computer program, whose purpose is to invert all types of hydroacoustics data recorded through any kind of (sonar-like) acoustic instrument in terms of mass concentration and (when possible) size distribution of suspended particulate matter in oceans and rivers. It is distributed under CeCILL-B free software license agreement, and available online (https ://bitbucket.org/fromantgu/hydrac/src/default/). An exhaustive documentation of HYDRAC software is already available online (https ://hydrac.readthedocs.io/).

Improvement of the spatial extension of the sediment concentration measurements

Very few studies involve the use of Multi-Beam EchoSounders (MBES) for SPM quantification, although they are characterized by a large spatial coverage [START_REF] Simmons | Monitoring suspended sediment dynamics using mbes[END_REF][START_REF] O'neill | Monitoring the generation and evolution of the sediment plume behind towed fishing gears using a multibeam echosounder[END_REF][START_REF] Cox | Multibeam echosounder observations reveal interactions between antarctic krill and air-breathing predators[END_REF] and capable to image the water column in two dimensions after each measurement, at high temporal resolution. As such they have the potential to offer a better representativeness of the SPM measurements. Yet, the interpretation of the measurements is far from being trivial, as data is highly dependent on the antenna beam patterns in emission and reception [START_REF] Foote | Protocols for calibrating multibeam sonar[END_REF]. This results in backscattered pressure levels inconsistencies along the MBES fan, leading to erroneous appreciations of the Volume Backscattering Strength S v , itself related to the mass concentration [START_REF] Medwin | Fundamentals of acoustical oceanography[END_REF]. In addition, because it is a single-frequency instrument, the acoustic inversion from MBES is limited by the determination of an Equivalent Sphere Radius (ESR) and the choice of a backscattering model sufficiently 3). Thus the first task is to properly calibrate the MBES, the second task is to use a multifrequency sediment profiler in order to retrieve the ESR at each depth, and the third task consists in inverting the MBES signal using the adapted backscatter model. [START_REF] Foote | Protocols for calibrating multibeam sonar[END_REF] recommend the use of calibration protocols involving the measurement of the response of a single target of known target strength over each beam of the MBES to further correct the levels of the echoes. These protocols are time-consuming and require heavy-duty operations and installations however they return entirely calibrated systems. [START_REF] Fromant | Mesure de matières en suspension (mes) dans la colonne d'eau par combinaison de méthodes acoustiques et optiques[END_REF]; [START_REF] Fromant | Suspended sediment concentration field quantified from a calibrated multibeam echosounder[END_REF] rather reports on a a minima calibration of the MBES, feasible in situ, which focuses on the correction of a single beam of the echosounder, further spread over the entire MBES fan in order to obtain a homogeneous measurement of the absolute Volume Backscattering Strength S v . The method requires an estimation of the constant bias common to the whole fan of the MBES : its determination relies on insonifying a 38.1 mm diameter spherical tungsten carbide target of known Target Strength [START_REF] Fromant | Mesure de matières en suspension (mes) dans la colonne d'eau par combinaison de méthodes acoustiques et optiques[END_REF]. The sphere is slowly moved back and forth in the central beam, as it is delicate to place the sphere exactly inside it (Fig. 4.8). The advantage of such a calibration procedure is that it can be performed in situ, provided that there is no high current that may cause the target to drift.

We then used the continuous calibrated MBES raw data at 300 kHz and punctual multifrequency observations. The backscattering model used is the modified truncated fluid sphere model, designed to take account of those particles of reduced density forming the aggregates, described earlier. The estimated ESR, determined beforehand through the NNLS method, are then used to recover an absolute estimation of the concentration using the single-frequency signal of the MBES. Figure 4.9 shows the reliability of the method in estimating the actual These assessments however result from several assumptions made a priori of the measurements. First, the calibration might be subjected to several errors as being theory-based. The real directivity patterns of the antenna might not exactly correspond to the ones determined here through theory, especially for the high steering angles, leading to systematic errors that can reach up to +/-1 dB, and thus bias the final concentration estimate. However, this MBES calibration is an a minima calibration, which still offers the advantage of being straightforward and easy to reproduce. A slight additional lack of precision might yet come from the noise level estimation. The latter is comprised in the overall calibration constants, and so the calibration might reveal itself site-dependent. In this context, the calibration was performed in Brest harbour, whereas the measurements were collected in the Aulne estuary, which is far less subject to traffic or wind. However, the noise contribution is supposed to remain low enough at 300 kHz to be neglected.

Secondly, the assumption that the backscattering model used in this case is reliable was made, even if some slight misfits might appear, causing small deviations in the ESR determination, thus ultimately leading to light over and underesti-mations of the concentration after the MBES single frequency inversion. Wrong appreciation of the ESR through multifrequency inversion of the Aquascat measurements could damage the final concentration estimation from the MBES by several orders of magnitude, as the backscattering cross-section varies according to a 6 in the Rayleigh regime. However, the multifrequency inversion still has the advantage to enhance the small-scale structures in the water column added to the fact that the Aquascat is known for its high accuracy, approaching 5% of the recorded values for 100 averaged samples [START_REF] Betteridge | Calibrating multi-frequency acoustic backscatter systems for studying near-bed suspended sediment transport processes[END_REF]. For a complete uncertainty analysis, see [START_REF] Fromant | Mesure de matières en suspension (mes) dans la colonne d'eau par combinaison de méthodes acoustiques et optiques[END_REF].

The method could be addressed in other situations, such as for the case of the well studied sand suspension which backscattering model is well documented [START_REF] Thorne | A review of acoustic measurement of small-scale sediment processes[END_REF]. This method would fail when it comes to more complex suspensions, such as multi-modal suspensions [Moate andThorne, 2009, 2013] containing several types of SPM, of organic or mineral origins. Indeed, no generic backscattering models exist for this kind of suspension, which, unfortunately are the most common in reality. A few possibilities do exist in particular cases, involving for instance a derived use of the NNLS algorithm [MacLennan and Simmonds, 1992] and prior calibration with in situ samples. Nevertheless, calibrating a backscatter model adapted to a multi-modal suspension is an important topic to investigate.

Calibration tank DEXMES

All who use acoustics recognise that the marine sedimentary environment is frequently much more complicated, and suspensions of cohesive sediments and combined cohesive and non-cohesive sediments are common. Also the presence of biological material and bubbles can contaminate the backscattered signal. Laboratory and theoretical studies that have been conducted over the last decades, have established a framework which describes at least to first order the scattering properties of a controlled suspension of one type of SPM : inorganic quartz based sediments or organic matter [START_REF] Thorne | A review of acoustic measurement of small-scale sediment processes[END_REF][START_REF] Maclennan | Fisheries Acoustics[END_REF].

One of the questions is : how to combine inversion methods adapted to organic particles with inversion models derived from the modal approach applied to model targets (rigid or elastic sphere), adapted to sediments, to analyze the signal backscattered by mixed suspensions containing both mineral and organic particles like many in situ suspension ? To answer this question, we have collaborated with R. Verney from DYNECO/DHYSED Ifremer on the development of a unique and innovative experimental platform that tests the response of optical and acoustical sensors to a wide range of SPM (both in concentration and in types of SPM), their ability to quantify the properties of SPM and the definition of in In order to be as modular as possible and to be able to implement a wide range of instruments, DEXMES ("Dispositif EXpérimental de mesure de Matières En Suspension") is based on unique features : a large tank ( 1m 3 , internal diameter of 974 mm) with a double mixing system (pumping and stirring by helix) to ensure homogeneity of suspensions, associated with a mobile frame including the instruments and the use of reference sensors (Fig. 4.11). This device meets three major technical challenges :

-To benefit from a transparent tank, in order to make visible the sedimentary mixtures and the positioning of the instruments, and to visually check the good progress of the experiments ; -To present a useful measuring volume free of obstacles in the upper part of the tank, requiring the propeller drive shaft to pass through the bottom of the tank, with the obligation of tightness in the presence of water/sediment mixtures, -To allow a separation of the vertical wall and the bottom of the tank, in order to allow a complete cleaning of the device, the latter being dedicated to receive muddy and sandy sediments as well as organic material. The mechanical assembly (propeller motor and pump) is controlled by a protected electrical cabinet, using potentiometers. Feedback of mechanical information and reference sensors to a control PC is possible.

The first tests confirmed the possibility of generating a homogeneous mixture of SPM, for fine sediments or medium sand. To be able to put plancton in the tank, we must now wait for a sea water inlet in the building. Tests with bimodal suspension (including two sizes of sediment) are in progress, led by F. Jourdin.

In DynELi, N. Le Dantec and I have used DEXMES facility in the framework of ANR MESURE (2016MESURE ( -2019)), to calibrate bistatic acoustic profilers and in the framework of S. Homrani PhD topic, to calibrate an adapted backscatter model for shelly sediment. This latter topic is part of the futur projects presented in the next chapter.

Bedload transport

Bedload represents the main contribution of sediment transport to the morphological evolution of coastal beds. As such, it has major implications for environmental flows, from both ecological and anthropological point of view. Bedload involves many complex mechanisms. Even if it is studied since a century [START_REF] Gilbert | The transportation of debris by running water[END_REF], bedload transport measured in the field remains poorly predicted by the formulae established in laboratories [START_REF] Bathurst | Effect of coarse surface layer on bed-load transport[END_REF]. Bedload is characterized by the part of the load rolling, sliding, or saltating near the bed. Contrary to suspension, the relative importance of the grain inertia with respect to the turbulence intensity, leads to a downward buoyant weight on average larger than the upward fluid force originating from turbulent velocity fluctuations. To study bedload corresponds to investigate a granular flow, taking into account the interstitial pressure, the grain-to-grain interactions, the turbulent hydrodynamic forces acting on the grain. Fig. 4.12 summarizes the idea of a complex motion that has been described as an averaged medium until now, with unique threshold to motion and then to saltation. Still nowadays, literature is full of new estimations of these thresholds highlighting the point that a general formulation calibrated in controlled environment is not well adapted to in situ prediction (see [START_REF] Minster | Modélisation du processus de saltation en milieu extrême : application au raz blanchard[END_REF]; Minster et al. [2021] for a review). Depending on the study site, the hydrodynamics conditions and the type of sediments, bedload estimation will be retrieved using different technics, direct or indirect (see 4.1 for a review). In this section, I present as example two studies on two different environments, experiencing two different sediment dynamics, under strong tidal currents. The two first parts summarize the bedload estimation from the migration of shallow water dune composed of shelly coarse sediment under unsteady tidal current according to difference of DTMs (4.3.1) or passive acoustic technics (4.3.2), the second part (4.3.3) summarizes the study of saltation of coarse particles gathering all the measurements technics presented in 4.1, as well as lab experiments and numerical modelling. 

Bedload estimation using differences of DTMs

Bedload is shown to be the main transport mode driving dune migration. Suspension is considered as negligible. Estimations of bedload is done via the estimation of the residual sediment transport, derived from dune asymmetry and migration rate. In S. Homrani PhD (2016-2020), supervised by N. Le Dantec and I, we aimed at understanding how banner banks located in shallow waters and exposed to intense tidal currents with varying directions maintain in such conditions, and how the superimposed dunes dynamics participate to the persistency of these banks. This project gave rise to a collaboration with C. Winter from university of Kiel. A banner bank is a long bank of sand that lie with one end almost connected to the coast at headlands (hence "banner-like"). It is believed to originate from an asymmetry in the tidal currents, which traps sand seawards of the headland. The study site was a very shallow banner bank located in the Gulf of Morbihan, at the French Atlantic coast (fig. 4.13). It consists of coarse shell sand, and is subjected to a strong tidal forcing with a complex flow pattern. Classified as a banner bank [START_REF] Dyer | The origin, classification and modelling of sand banks and ridges[END_REF], it was formed during the last marine transgression [START_REF] Menier | Geomorphological and hydrodynamic forcing of sedimentary bedforms-example of gulf of morbihan (south brittany, bay of biscay)[END_REF]. Its central part features large dunes exhibiting annual migration distances of decametric order ; however, the bank location and volume have been steady at least over the last decade. S. Homrani (PhD 2020) has 1) examined the evolution of the bank and of the large bedforms at multi-year and monthly timescales and 2) estimated the sediment transport at the monthly timescale [START_REF] Homrani | Morphological evolution of a sand bank and superimposed dunes in a shallow tide-dominated environment at monthly to annual timescales[END_REF]. (1996), the moorings locations, deployed during fall 2017, and the position of the P8 cross-bank seismic profile (modified from [START_REF] Homrani | Morphodynamique des dunes en eau peu profonde et transport sédimentaire : Le banc du creïzic[END_REF])

On the Creïzic bank, bedforms varies from small to large dunes [START_REF] Ashley | Classification of large-scale subaqueous bedforms ; a new look at an old problem[END_REF], with mean wavelengths from 2.5 m to 40 m, and mean heights from 0.1 m (the smallest observable) to 2.2 m. The NW flank and central part mainly features ebb oriented asymmetric bedforms whereas the SE flank features quasi-symmetrical bedforms, with trochoidal dunes, and rounded crest dunes. Small and medium dunes are mostly transverse to the NW-SE direction, i.e. orthogonal to the bank, with rectilinear crest lines. The large dunes are either oriented along the bank (axial dunes), or with sinuous crest lines comprising sections oriented either orthogonally or along the bank. The inherited bedrock geometry underneath the Creïzic bank participates in its stability and persistency at the multi-year timescale (2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016)(2017). The sedimentary units composing the bank are aggradation sequences with lateral progradation [START_REF] Menier | Geomorphological and hydrodynamic forcing of sedimentary bedforms-example of gulf of morbihan (south brittany, bay of biscay)[END_REF] that were deposited on a rocky terrace along the side of an incised channel, with a principal orientation to the NW-SE (fig. 4.13). Likewise, supplementary seismic data with transverse (ENE-WSW) profiles [START_REF] Menier | Geomorphological and hydrodynamic forcing of sedimentary bedforms-example of gulf of morbihan (south brittany, bay of biscay)[END_REF] show that the underlying sedimentary units are also geometrically bounded in SWS direction by a rocky terrace. Sediment volume computations between 2010 and 2017, both at the full bank spatial scale and by dune type sectors, show fluctuations comprised in the uncertainty interval, confirming the stability of the sediment stock constituting the bank at the decennial timescale.

We have proposed that the multi-year timescale modifications could correspond to different stages of a cycle associated with the tidal migration of the large dunes, supporting the dynamic equilibrium characterizing the bank. The following steps would govern this cycle :

-The orthogonal dunes emergence and growth in North-East of the bank.

As they grow and migrate SW, they reach an equilibrium size possibly controlled by the variation of the water level over their crest, and secondly by sediment inputs coming from NW through the openings through the axial dune. -The orthogonal dunes undergo multiple dislocation and coalescence stages with the linear dunes, due to their SW migration, NW-SE lateral expansion and the linear dune deformation and migration along the NW-SE direction. -They disappear when reaching the SW bank extremity, due the steepness of the SE flank and the intense tidal currents eroding them. This is schematized Fig. 4.15. According to [START_REF] Lü | Unravelling raked linear dunes to explain the coexistence of bedforms in complex dunefields[END_REF], for a limited sediment supply, a regime of bidirectional currents with unequal magnitude (magnitude ratio R mostly comprised between 2 and 3), and a direction difference ∆α between ebb and flood roughly between 60 • and 135 • , linear dunes aligned with the mean transport direction may coexist with transverse barchan dunes located on the same flank of the linear dune. This is remarkably consistent with the dune morphologies and tidal flow patterns observed on the Creïzic bank. At the multiyear timescale, the linear dunes orientation is stable except for its central part, and the junction points between the linear dunes and the orthogonal dunes [1997]) and drag form roughness (about 37 cm from average velocity profiles and [START_REF] Grant | Movable bed roughness in unsteady oscillatory flow[END_REF]). (modified from [START_REF] Homrani | Morphological evolution of a sand bank and superimposed dunes in a shallow tide-dominated environment at monthly to annual timescales[END_REF]) change rapidly. The linear dunes features annual migration celerities up to 4 ± 1 m/ year oriented SE or S. Some of its sections show a change of polarity (NW to SE, or inversely) between two successive bathymetric surveys. The orthogonal dunes exhibit a higher annual migration celerity, equal to 17 ± 5 m/year. They are migrating SW, the ebb current direction, which is dominant on the area. This migration direction is confirmed by a correlation algorithm applied between October and November 2017.

Cumulative bedload is estimated from Meyer-Peter and Müller [1948] bedload formula using the current velocity near the bottom from hydrodynamic model MARS3D, and the roughness calculated as the sum of grain roughness (3.1 mm from [START_REF] Soulsby | Dynamics of marine sands : a manual for practical applications[END_REF]) and drag form roughness (about 37 cm from [START_REF] Grant | Movable bed roughness in unsteady oscillatory flow[END_REF]). The total roughness computed from acquired average velocity profiles, in the middle of the Creizic bank, confirm the estimated roughness value. The cumulative bedload (Fig. 4.14) suggest a SW or SSW sediment transport for most of the central bank, and towards SSE or SE for the southern bank only, but with significantly higher magnitudes compared to monthly bedload rates from dune migration. To prove the conceptual schematic of sediment transport pathways (fig. The same method (difference of DTMs) has been used in Bertheaume Bay, from the intertidale zone of Porsmilin to a point offshore of the supposed depth of closure. A 10 years biannually topographic and bathymetric dataset has been acquired [START_REF] Bertin | A long-term dataset of topography and nearshore bathymetry at the macrotidal pocket beach of porsmilin, france, Scientific Data[END_REF]. The topography has been acquired from Terrestrian Laser Scanner or drone, and the bathymetry from a Multi-Beam Echo-Sounder (MBES). Since no sedimentary structures are present over this zone, it is not possible to follow the sediment transport or to deduce the fluxes direction. Nevertheless, this allows to study the reliability of the depth of closure and to investigate the sediment transfer in the subtidal zone by calculating the deposite or eroded volume.

Bedload estimation via passive acoustics

The use of passive acoustics technics to quantify bedload fluxes has been considered by the scientific community over the past three decades. [START_REF] Thorne | Laboratory and marine measurements on the acoustic detection of sediment transport[END_REF] conducted a series of laboratory experiments in order to characterize the acoustic Self-Generated Noise (SNG) produced by sediments colliding using a hydrophone. They concluded that the resonance frequency obtained is inversely proportional to the square of grain diameter, and they determined an empirical relationship between the root-mean-square value of the acoustic pressure (P rms ) and the num-Figure 4.16 -The Creïzic bank, Gulf of Morbihan (South Brittany, France), with the transects of passive acoustics acquisitions for the spring tide measurement session ber of mobile sediments. In controlled environment, the quantity of mobile sediments is determined semi-analytically, following collision theory and acoustics law [START_REF] Thorne | Generation of underwater sound by colliding spheres[END_REF]. Several methods have been developed since then and successfully applied to monitor bedload transport in river [START_REF] Barton | Passive acoustic monitoring of bedload in mountain streams[END_REF][START_REF] Geay | Passive acoustic monitoring of bed load discharge in a large gravel bed river[END_REF]. [START_REF] Petrut | Passive acoustic measurement of bedload grain size distribution using self-generated noise[END_REF] recently used a passive acoustic set-up attached to a free-floating river-board to collect measurements while the river-board was drifting across the Isère River. They showed that inverting the spectrum of the acoustic signal could provide a satisfying estimation of the bedload grain size distribution. Studies using passive acoustics to assess bedload transport in marine environments are fewer at the moment [START_REF] Thorne | Laboratory and marine measurements on the acoustic detection of sediment transport[END_REF][START_REF] Blanpain | Passive acoustic measurement of bedload discharge features on a sandy seafloor[END_REF] but show promising results as well. [START_REF] Blanpain | Passive acoustic measurement of bedload discharge features on a sandy seafloor[END_REF] deployed a moored hydrophone on a sandy dune subject to strong tidal currents and found a good relationship between the acoustic recordings and the intensity of bedload transport predicted from theoretical sediment transport models.

In S. Homrani PhD [START_REF] Homrani | Morphodynamique des dunes en eau peu profonde et transport sédimentaire : Le banc du creïzic[END_REF], the objective was to quantify the sediment transport over dunes. A mooring with two-frequency ADCP (1200 and 600 kHz) had been put over a dune. Following [START_REF] Jourdin | Dual-frequency adcps measuring turbidity[END_REF] methodology, the grain size was computed at each depth in the water column. The grain size in the water column corresponds to fine sand (200 µm), probably originating from the inner Gulf. The Creizic dunes are composed of shelly coarse sediment of a mean diameter of 1 mm. Such coarse sediment is probably transported mainly by bedload. An hydrophone was moored in the active part of the dunes but a malfunctioning prevent us from recording any data. A second field campaign, dedicated to the hydrophone, was then organized, following a different protocol. An Bottom bathymetry corresponds to the DEM of Nov. 2017, colored with a gray scale from -25 m to -3 m (zero IGN69). The black lines symbolize the crest lines of the large dunes in the central part of the study site original approach was tested, consisting in carrying out the measurements from a boat drifting over the bank, in order to obtain passive acoustics recordings over a sufficiently large area of the bank (Fig 4.16). The acoustic data were then inverted in term of number of mobile grains per surface following [START_REF] Thorne | Generation of underwater sound by colliding spheres[END_REF]; [START_REF] Blanpain | Passive acoustic measurement of bedload discharge features on a sandy seafloor[END_REF] method. Preliminary results from the inversion of P rms were presented at Coastal Sediment conference [START_REF] Homrani | Multi time-scale morphological evolution of a shell sand, dune bank in a shallow mesotidal environment[END_REF]. The estimated number of grains in transport is plotted Fig. 4.17), with as expected more transport during spring tide than during neap tide. This value is compared to empirical formula based on the bed shear stress on Fig 4 .18 [START_REF] Graf | Desposition and erosion in an alluvial channel[END_REF][START_REF] Blanpain | Passive acoustic measurement of bedload discharge features on a sandy seafloor[END_REF], considering two shear stress derivations : from a high-resolution hydrodynamic model over the study site (MARS3D) or from the drift velocity of the boat (considered as equal to the surface velocity). First, using the drift of the boat to assess the surface velocity seems more reliable than the MARS3D outputs, showing a too low spatial resolution. The recorded number of grains is in agreement with bedload empirical formula on this profile, showing more transport at the top of the dunes.

Even if the results seems promising on this profile, it is not the case for all the acquired profiles, and they are not properly validated (the bedload empirical formula doest not represent the reality). In order to validate the method, neither the simulated bed shear stress nor the drift velocity of the boat are optimal. Ideally this step should have been carried out through controlled laboratory experiments. However, other issues might appear in lab, with possible influence of acoustic reflexion on the tank side, enhancing the sound emitted by sediment chocs. This 

Marine Renewable Energy application

Among the great challenges of operational flow monitoring, sediment transport measurements are of primary importance nowadays because they address to several fundamental environmental, industrial and societal issues. To answer to a specific societal issue, the best is to apply all the existing measurement technics available in order to intercompare the results, increasing their reliability. Moreover, lab experiments as well as numerical models can be used in order to be able to reproduce the in situ condition and predict the hydrosedimentary conditions impacting the human activities. These tools can serve as decision-support tools for stake-holders. For example, hydrosedimentary processes can strongly impact the deposit of structures underwater, as hydrokinetic turbines. The hydrokinetic power correponds to the kinetic energy of tidal, ocean and river currents that is converted into electricity by means of a turbine. This type of Marine Renewable Energy (MRE) are currently seeing large-scale development because of their considerable potential, given the current speed and depth of water in the ocean. In theory, the global hydrokinetic potential of ocean and tidal currents near shorelines is 7,800 TWh/year [IPCC , 2011]. That's roughly 40% of the world's total electricity output in 2013. The hydrokinetic potential of tidal currents alone accounts for 10% to 15% of the total. To function, the structures need to be located in an intense current, which exposes it to the intense sediment dynamics generated by this current. This constitutes a potential source of misfunctioning and premature alteration for the structures.

So the installation of hydrokinetic turbines requires knowledge on the sediment concentration in the water column, especially coarse particles. In extreme tidal environment and specifically in the Alderney race (English Channel, France), some evidences of the presence of coarse sediments (even pebbles) at one meter above the bed have been found (especially impacts on moored structures). This coarse particle flux may represent a constraint for the scaling of hydrokinetic turbines. However, until now, the potential danger of the coarse particles load over the turbines was not taken into account. We are associated with France Energies Marines, EDF, DCNS, Shom, ENSTA-Bretagne and University of Caen to study the pebbles dynamics under extreme tidal current and in particular the saltation regime. This regime might allow particles to reach a significant height in the water column, and thus may cause damages to the immersed turbines and associated devices. The three-year project was funded by ANR France Energies Marine (FEM) PHYSIC (2016)(2017)(2018)(2019).

Despite several decades of investigation on sediment dynamics, transport calculation largely relies on empirical formulations [START_REF] Soulsby | Dynamics of marine sands : a manual for practical applications[END_REF][START_REF] Van Rijn | Sediment transport, Part II : Suspended load transport[END_REF], and a complete description of the processes for extreme flow conditions and coarse particles is lacking [START_REF] Van Rijn | Simple general formulae for sand transport in rivers, estuaries and coastal waters[END_REF][START_REF] Niño | Using Lagrangian particle saltation observations for bedload sediment transport modelling[END_REF]]. Continuing saltation regime has been studied numerically for aeolian and aquatic environment by [START_REF] Jenkins | Periodic trajectories in aeolian sand transport[END_REF] and [START_REF] Berzi | Periodic saltation over hydrodynamically rough beds : aeolian to aquatic[END_REF]. While aeolian particles reach a saltation regime for low Shields number, high Shields number are required for achieving continuing saltation in aquatic environment. However, [START_REF] Berzi | Periodic saltation over hydrodynamically rough beds : aeolian to aquatic[END_REF] suggest that at lower Shields number, a rolling regime or intermittent saltation takes place where turbulent burst may play an important role as emphasized by [START_REF] Blanpain | Dynamique sédimentaire Multiclasse : De l'éude des processus à la modélisation en Manche[END_REF]. [START_REF] Williams | Video observations of marine gravel transport[END_REF] observed that 60% of the total horizontal flux was due to turbulent bursts events, which could occur during a non-negligible part of time (24% for the conditions considered in [START_REF] Williams | Video observations of marine gravel transport[END_REF]). PHYSIC's goal was to provide the modeling community with adapted formulations. To reach the objective require to investigate/clarify :

-the knowledge of the characteristics of the sedimentary bed (granulometry, grain shape, density, porosity, vertical structure, roughness) ; -the identification and characterization of the determining physical processes ; -the measurement of the hydrodynamics associated with these physical processes ; -the calibration and validation of the selected formulations by confronting them with the reality of the environment. The project included : -a multi-instrumental measurement campaign, focusing on bottom shear measurements, bedload measurements by different innovative techniques,
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-lab experiment in the flume of IPR, in collaboration with A. Valance, to determine the displacement threshold in extreme conditions (high stokes) and adapted flow laws and the implementation of these laws in a hydrosedimentary model (Telemac). I have been involved in the definition of the means of measurement to be implemented, their processing and analysis, and I supervised the PhD of G. Minster (2016[START_REF] Minster | Modélisation du processus de saltation en milieu extrême : application au raz blanchard[END_REF] on flume tests and the implementation of the laws in Telemac with A. Nicolle (ENSTA-Bretagne).

The following systems have been deployed in the Alderney race on five mooring frames :

-a stereo-video system to provide pebble trajectories in space over a vertical range of a few meters. -an instrumented pebble tracking system whose objective is to observe the movement of pebbles over an area of a few hundred meters, thanks to 50 pebbles equipped with acoustic tags. -a multifrequency sediment profiler Aquascat that will aim to measure the density and size of sediments in the water column. -two Acoustic Doppler Current Profilers that will collect the speed of the current in the water column and the characteristics of sea states. -a side-looking profiler oriented toward the bottom in order to quantify the average bed shear stress. -an innovative frame composed of pole and 4 plates equipped with impact sensors in order to estimate pebbles impact on a structure. -Five hydrophones Unfortunately, apart the two up-looking ADCP and the multifrequency sediment profiler, the other instruments failed, crashed, or were not even retrieved cause of the extreme conditions. This is the best evidence of pebbles saltation we obtained. F. Dorval, engineer under a temporary contract, supervised by N. Le Dantec and I, have processed the multifrequency profiler data using the [START_REF] Thorne | Measurements of scattering by suspensions of irregularly shaped sand particles and comparison with a single parameter modified sphere model[END_REF] backscatter model adapted to suspension of sand grains of irregular shape. Three classes of size were represented : 1.6 mm, 0.8 mm and fine sediments in abundance. Their concentrations varied regularly, following perfectly the tidal currents above a threshold of 0.3 m/s at 1 m above the bed. The total concentration is shown to be negligible during neap tide (with a tidal coefficient < 60 and a tidal range < 3 m). Concentration above 2 g/L was calculated during spring tides (with a tidal coefficient > 90 and a tidal range > 5 m). However, these quantitative results should be contrasted with the fact that the suspension might contain shelly sand, since the presence of shelly sand on the bottom is known. An adapted model for this type of sand should have been implemented in order to be more accurate in our acoustic analysis. Video analysis should have brought insight on this point. Meanwhile, G. Minster (PhD 2016-2019) has conducted experiments to study the saltation motion with large particles in the regime of high particle Reynolds numbers ranging from 1000 to 5000, and on fixed beds with varying roughness. Several questions remain to better understand the relationship between hydrosedimentary conditions and the trajectories of saltating particles, in particular for coarse sediment under strong currents. A central issue is to identify the main physical parameters affecting the characteristics of the saltation trajectories. The bed roughness is shown having an influence on the saltating trajectory, supposedly from its effet on the induced shear stress [START_REF] Bhattacharyya | Evaluation of the saltation process of bed materials by video imaging under altered bed roughness[END_REF]. The critical shields number might be influenced by the bed roughness. The G. Minster's experiments have provided unusual experimental conditions in comparison with the literature. Most experiments conducted in flumes have particle Reynolds number lower than 1000. Only a few experimental studies consider particle Reynolds numbers higher than 1000 [START_REF] Ishibashi | A hydraulic study on protection for erosion of sediment flush equipments of dams[END_REF][START_REF] Niño | Gravel saltation : 1. Experiments[END_REF][START_REF] Chatanantavet | Experimental study on coarse grain saltation dynamics in bedrock channels[END_REF][START_REF] Auel | Sediment transport in highspeed flows over a fixed bed : 1. particle dynamics[END_REF]. The experimentation was conducted in the facility of the "Institut de Physique de Rennes" (IPR) : a free-surface flume of 40 cm wide, 60 cm height and 500 cm long (see Fig. 4.19). For more details on the experimental conditions, see [START_REF] Minster | Modélisation du processus de saltation en milieu extrême : application au raz blanchard[END_REF] or Minster et al. [2021]. 27 experimental configurations were performed. 15 experimental configurations had conducted to saltation. In order to be statistically relevant, more than 400 jumps per saltating configurations have been recorded (Fig 4.19 (b)).

By varying the bed roughness d B over a large range, we show that it has a major impact on the saltation motion and threshold (Fig. 4.20). We propose new relationships for the saltation threshold, the jump height and the jump length that takes into account the bed roughness through the relative bed roughness defined as the ratio of the particle diameter from the fixed bed to the diameter of the moving particles (Fig. 4.21).

Additionally, we show that the main characteristics of the particle trajectory are closely linked to the properties of the impact of the saltating particle onto the bed. In particular, we found that the vertical restitution coefficient depends on the relative bed roughness and we establish rebound laws for different values of relative bed roughness. We also found a strong correlation between the impact angle and the relative bed roughness, independently of the flow strength. The higher the relative bed roughness, the higher the impact and rebound angles. Lastly, the experimental outcomes presented here constitute a good basis for testing models and simulations. As showed above, the boundary conditions at the bed play a major role in the particle motion and we provide here a full description of the impact process, which is a key ingredient for developing quantitative models for particle transport. First, G. Minster has tested [START_REF] Berzi | Periodic saltation over hydrodynamically rough beds : aeolian to aquatic[END_REF] numerical model that solve the steady saltation under a logarithmic velocity profile (Prandtl mixing length hypothesis). This model was not able to reproduce the lab experiment since no experimental configuration lead to steady saltation. Then Telemac hydrosedimentary model was used in order to retrieve a mean height of jumps per numerical cell, thanks to the experimental formulae using the bed roughness, the mean particle size and the shear stress. The numerical results show that the maximum jump height is about 10 cm during spring tide in the Alderney Race. This value seems underestimated. Our relationships are calibrated using a laminar flow in lab whereas previous experiments in the Channel have shown the importance of the turbulent bursts on the extreme jump height [START_REF] Blanpain | Dynamique sédimentaire Multiclasse : De l'éude des processus à la modélisation en Manche[END_REF].

At the end of the PHYSIC project, it has been discussed with O. Blanpain (Shom), S. Guillou and J.Thiébot from University of Caen the possibility to pursue with lab experiments, including a grid with different porosity at the entrance of the flume to introduce turbulence. This would have offer the possibility to check the influence of turbulence on individual jumps. Besides, G. Minster study could have considered extreme jumps (2% of highest jumps for example) instead of mean jumps in order to adress the worst conditions for structures design.

Conclusion

Due in particular to their heterogeneity and their great spatial and temporal variability, it is necessary to approach the measurement of sediment transport through the complementarity of tools and various methods. The knowledge of the suspension properties is required in order to obtain accurate results, thus having a well-fitted backscatter model. The strength of acoustic multifrequency sediment profiler has been demonstrated. Besides, acoustic measurement offers the advantage of continuous measurements and makes it possible to have access to a quantified imagery of the water column, which is moreover spatialised on the vertical. A combination of optical (granulometer, video) and acoustic techniques could be envisaged in the future, for example, to create underwater observatories and thus improve our understanding of ocean and coastal environments. The science of SPM measurement, which aims at estimating SPM concentration, sizes and fluxes, remains at a very low Technological Readiness Level (< 2) in spite of the significant progress made over the past two decades in operational monitoring of flow current, discharge and bathymetry (TRL>6). This situation arises from the inherent complexity of the SPM measurement principle, exposed in this chapter, requiring scientific knowledge and methodological expertise that is still not readily accessible in industry. Active acoustic techniques are already applicable, and passive acoustic techniques are promising, yet challenging. The quantification of bedload transport of heterogeneous sediments (in size and composition) still requires further work due to the complexity of the underlying physical processes and observation methodology. Some projects dealing with these key issues are presented in the next chapter.

Chapitre 5 Perspectives

My research field concerns the coastal dynamics study from a physical point of view. The coastal morphodynamics is governed by the interaction between hydrodynamics forcings and sediment. In order to understand morphodynamics processes, it is primordial to understand the hydrodynamics forcings and thus the different processes leading to velocities in the water column in the nearshore. However, the diversity of regimes and interacting processes in the different zones (shallow-water, shoaling, surf and swash), especially in zones subject to mixed forcing (swell and current) makes it very difficult. As a result of these interactions, there is considerable spatial and temporal variability in the sediment fluxes, in the distribution, morphology and mobility of sedimentary deposits and in shoreline dynamics.

A first part of my future research will be devoted to high-frequency hydrosedimentary processes, i.e. from a wave cycle to a tidal cycle. It will aim to better understand and model the morphogenic hydrodynamic processes in coastal zones and the resulting sedimentary dynamics from the grain scale to the sediment structure scale. Several axis will be followed. The first axis will be dedicated to the hydrodynamics and resulting sediment transport in suspension and bedload from the shoaling zone to the swash zone. Especially, according to our previous results, the accretion mechanism remains poorly understood since it involves many different hydrosedimentary processes, including transport by bedload and suspension load, showing strong variability over a wave cycle. This will be the main focus of the ANR JCJC WEST 2021-2024, presented in 5.1.1. Moreover, according to several studies I have conducted, the bottom morphology is shown to influence waves transformation, nearshore water levels and in retroaction near-bed velocities responsible of shear stress acting on sediment. Thus, a second axis will deal with the interaction between bottom morphology and the action of (i) currents (with an example presented in 5.1.2) and (ii) wave propagation and transformation (with an example presented in 108 CHAPITRE 5. PERSPECTIVES
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). To answer these questions, sediment fluxes measurements, in bedload or in suspension, must be performed. Since this type of measurements gives satisfactory results only under specific conditions, the work on inversion methods allowing to qualify and quantify the bedload or suspension load from optical, active or passive acoustic measurements will be pursued (with an example presented in 5.1.2) .

These key scientific questions are centered on physics, often on one specific process. A second part of my future research will be an opening to multidisciplinar projects, considering new parameters, natural or anthropic, complexifing the investigated system, such as carbonates dissolution in coral reef, dissolved silicium on sandy beaches or microplastics (examples are presented in 5. 1.3 and 5.1.4).

All these questions are linked to societal issues. I will dedicate also a nonnegligible part of my time to educational projects in collaboration with national and international partners (an example is presented in 5.2), integrating professional training and research, via innovative teaching methods, linked to human activities and environmental issues.

Research projects

Beach accretion processes : ANR JCJC WEST 2021-2024

All the previous presented projects were conducted with the aim of predicting sediment fluxes in coastal zone. On one side, the work done on the development of acoustic quantification of sediment size and concentration has been fruitful and allows to precisely quantify sediment transport. On the other side, the work on morphodynamics and beach processes has highlighted the fact that the accretion mechanism are not yet well understood. The wave shape in the surf and swash zone is shown of high importance to understand the bed shear stress and the resulting transport. These questions will be addressed in ANR JCJC West 2021-2024. This project will gather my two main research topics : hydrodynamics processes and sediment transport quantification.

WEST Project motivation

Over the past two decades, significant research efforts have been dedicated to the understanding and modeling of sediment transport processes under realistic non-linear waves in the nearshore zone. The erosion mechanisms during extreme events being well described in the literature, the novelty of WEST is to initiate new research on sediment transport during accretive periods, leading to beach recovery. In fact, storm erosion can have short-to medium-term impacts on coasts, depending on the post-storm recovery mechanisms and timescales. To predict coastal evolution, both erosion and accretion mechanisms should be accurately defined. Severe erosion during extreme events is generally the consequence of a large disequilibrium between beach profile and incident conditions. The underlying erosion mechanisms are driven by dominant physical processes that have been extensively studied during the past decades [START_REF] Aagaard | Sediment transport processes and morphodynamics on a reflective beach under storm and non-storm conditions[END_REF]Masselink et al., 2016;[START_REF] Russell | Mechanisms for beach erosion during storms[END_REF], achieving good predictive power [START_REF] Van Rijn | Numerical modelling of erosion and accretion of plane sloping beaches at different scales[END_REF]. On the contrary, beach recovery mechanisms remain an open question [Daly et al., 2019;[START_REF] Dodet | Beach recovery from extreme storm activity during the 2013-14 winter along the atlantic coast of europe[END_REF] since several physical processes interplay with no predominant factor controlling the sediment transport. While offshore transport is strongly linked to current, accretion is linked to wave-generated fluxes occurring in the Wave Boundary Layer (WBL), generated by steady streaming and wave shape streaming [START_REF] Henderson | Nearshore sandbar migration predicted by an eddy-diffusive boundary layer model[END_REF] mainly via bedload transport. Previous experiments and numerical studies show that WBL dynamics are induced by various hydrodynamic and morphological factors (nearshore currents, streaming, wave dynamics, wave non-linearities, bed slope and roughness, turbulence'...) [START_REF] Fuhrman | Bed slope effects on turbulent wave boundary layers : 2. Comparison with skewness, asymmetry, and other effects[END_REF]. During calm periods, all these processes contribute to the net sediment transport over one wave cycle with non-negligible contributions. The two scientific issues raised by the literature are : the lack of knowledge on the role played by each process in the accretion mechanism and their relative contribution, and the difficulty to obtain accurate time-resolved measurements of bed shear stress and sand transport in WBL in situ.

Current knowledge on WBL dynamics draws essentially from laboratory-based experiments and numerical simulations [START_REF] Kranenburg | Net currents in the wave bottom boundary layer : On waveshape streaming and progressive wave streaming[END_REF][START_REF] Kranenburg | Sand transport beneath waves : The role of progressive wave streaming and other free surface effects[END_REF][START_REF] Nielsen | Sheet flow sediment transport under waves with acceleration skewness and boundary layer streaming[END_REF] focusing on specific factors. Future progress on WBL processes and sediment transport depends on our ability to study WBL in situ under natural waves. First, to resolve WBL transport processes, measurements should be done at high temporal (O(0.1 s)) and spatial (O(0.001 m)) resolutions. The system from D. Hurther (LEGI), calibrated in the framework of ANR MESURE, called the ACVP (Acoustic Concentration and Velocity Profiler), matches these requirements [START_REF] Hurther | A multifrequency Acoustic Concentration and Velocity Profiler (ACVP) for boundary layer measurements of fine-scale flow and sediment transport processes[END_REF][START_REF] Kranenburg | Net currents in the wave bottom boundary layer : On waveshape streaming and progressive wave streaming[END_REF][START_REF] Naqshband | Bed load and suspended load contributions to migrating sand dunes in equilibrium[END_REF][START_REF] Fromant | On bedload and suspended load measurement performances in sheet flows using acoustic and conductivity profilers[END_REF][START_REF] Fromant | Wave boundary layer hydrodynamics and sheet flow properties under large-scale plunging-type breaking waves[END_REF][START_REF] Van Der Zanden | Spatial and temporal distributions of turbulence under bichromatic breaking waves[END_REF]. It consists in a bistatic acoustic profiler with a large angle between the emitter and the receivers, allowing to accurately measure quasi-instantaneous and co-located velocity and sediment concentration over a 10 to 20 cm vertical profile. Collaboration with Ubertone SME during ANR project MESURE has led to the conception of a new portable device, using ACVP technology called the UB-Lab2C. This instrument is under acquisition. New acoustic inversion techniques have also been developed, increa-sing the reliability of acoustic measurements in terms of sediment concentration and size [Fromant et al., 2017]. Secondly, measuring wave non-linearities with sufficient accuracy implies to be able to reconstruct the sharp shape of the freesurface close to breaking. Latest development in stereo-video systems [START_REF] Benetazzo | Offshore stereo measurements of gravity waves[END_REF][START_REF] Filipot | La Jument lighthouse : A real-scale laboratory for the study of giant waves and their loading on marine structures[END_REF][START_REF] Schwendeman | Sharp-Crested Breaking Surface Waves Observed from a Ship-Based Stereo Video System[END_REF], already tested during C. Caulet PhD and developed by DynELi team, and remote sensing such as LiDAR Almeida et al. [2020[START_REF] Martins | High-resolution monitoring of wave transformation in the surf zone using a LiDAR scanner array[END_REF], already used by DynELi team in the framework of W. Boudaour M2 thesis, allowing complex surface to be recorded in 3D, now makes measuring non-linear waves shape a reality.

WEST Project Summary

So, we have proposed with DynELi team and G. Fromant, now assistant professor at ULCO, the ANR JCJC WEST "Natural Wave Breaking and Sediment Transport during beach recovery". The influence of bed slope, wave nonlinearities and wave dynamics on WBL will be extensively studied. The novelty of WEST lies also in the first attempt to obtain accurate time-resolved in situ measurements in unison of sediment transport and free-surface deformations at the critical zone : towards wave breaking. For the first time, the whole water column towards breaking will be monitored in the natural environment. Many research point out the lack and thus the need of fields observations to determine the relative importance of physical processes [START_REF] Chassagneux | Wave bottom boundary layer processes below irregular surfzone breaking waves with light-weight sheet flow particle transport[END_REF][START_REF] Foster | Turbulence observations of the nearshore wave bottom boundary layer[END_REF][START_REF] Henderson | Nearshore sandbar migration predicted by an eddy-diffusive boundary layer model[END_REF][START_REF] Henriquez | PIV measurements of the bottom boundary layer under nonlinear surface waves[END_REF]. Monitoring natural waves in their physical environment is very challenging yet crucial if we aim to make new advances in physic-based numerical modeling and improved predictions of future shoreline position. The study site will be Porsmilin beach. WEST will build on the most recent research in wave dynamics and sediment transport, implementing cutting-edge technology to produce the most comprehensive measurements of WBL under natural breaking waves, as well as using the most recent improvements in process-based numerical methods. Modeling a cross-shore profile is now accessible via Computational Fluid Dynamics methods. Waves2Foam allows to correctly model WBL dynamics over a fixed bed [START_REF] Brown | Evaluation of turbulence closure models under spilling and plunging breakers in the surf zone[END_REF]; [START_REF] Brown | Numerical modelling of turbulence and sediment concentrations under breaking waves using OpenFOAM R[END_REF] considering traditional turbulence models (kor k -ω). SedFoam 2.0, an advanced two-phase model in the framework of OpenFOAM [START_REF] Chauchat | SedFoam-2.0 : A 3-D two-phase flow numerical model for sediment transport[END_REF], allows for using either Kinetic Turbulent Granular Flow or dense granular rheology for the calculation of particle stresses. Recently, a three-dimensional two-phase flow model for sediment transport in sheet flow conditions has been introduced [START_REF] Cheng | SedFoam : A multi-dimensional Eulerian two-phase model for sediment transport and its application to momentary bed failure[END_REF]. The Large Eddy Simulation (LES) approach was adopted to model turbulence and turbulenceparticle interaction. Since the influence of the free-surface deformation on the WBL dynamics has been demonstrated, it is crucial to be able to model wave field when addressing accretion [START_REF] Kim | A Numerical Study of Sheet Flow Under Monochromatic Nonbreaking Waves Using a Free Surface Resolving Eulerian Two-Phase Flow Model[END_REF]. SedWaveFoam is a new mo-del able to concurrently resolve free surface deformations, WBL, and sediment transport processes throughout the entire water column, integrating SedFoam 2.0, and Waves2Foam, in the OpenFOAM framework. SedWaveFoam has been validated with a large wave flume dataset for sheet-flow-driven monochromatic non-breaking waves [START_REF] Kim | A Numerical Study of Sheet Flow Under Monochromatic Nonbreaking Waves Using a Free Surface Resolving Eulerian Two-Phase Flow Model[END_REF]. Waves2Foam and SedWaveFoam are the most advanced process-based modeling tools allowing to address WBL dynamics and associated sediment transport under waves. Wave2Foam is currently used in the framework of C. Hayoun PhD (2019-2022) and we plan to test SedWaveFoam in the framework of WEST.

The overall objectives are thus to clarify the relative contributions of physical processes leading to onshore net sediment transport and to evaluate the net transport over one wave cycle according to hydrodynamic and morphological factors. At the time of project completion, WEST will provide the world first dataset in natural environment allowing to address the influence of wave nonlinearities across the water column down to the WBL and their influence on the bed shear stress variability. WEST will also make it possible to quantify the sediment transport in suspension as well as in bedload, which was not possible until now via time-resolved measurements. WEST will provide accurate-enough dataset of wave shape and hydrodynamics, and process-based numerical modeling to quantify the influence of bed slope. These results will enhance our understanding of beach recovery mechanisms, leading to improvements in morphodynamic models commonly used by engineers and coastal practitioners for coastal zone management.

Numerical approach : Research leave at TU Delft, The Netherlands

To reach the long-term goal of improving commonly used numerical models for environmental studies, the comparison of phase resolved shallow water equations model (e.g. Xbeach NH) to the LES and RANSE/VOF-type models that will be implemented in WEST is critical in order to detect, and address, models' limitations. Since models used by engineers integrate many empirical formulations (in order not to solve each process and to have acceptable calculation time), the aim will be to improve their parametrization thus accuracy, in agreement with our results, by a better understanding of the physical processes at play and their relative contributions. A collaboration with TU Delft (Netherlands) will be very profitable for achieving this objective, also allowing a comparison with high-quality lab data. The latter will ensure the reliability of our numerical configurations. TU Delft is internationally recognized as the leader in nearshore processes understanding and modeling.

During spring 2021, C. Hayoun and I will be welcomed by A. Reniers and M. Tissier, both WEST scientific board committee members, in the Department of Environmental Engineering specialized in Fluid Mechanics at the Technical University of Delft (The Netherlands). During this 3-month stay, C. Hayoun will compare her numerical results with lab measurements dataset [START_REF] Henriquez | Onshore sandbar migration in the nearshore[END_REF] and I will compare the Wave2Foam results with Xbeach Hydrostatic and Non-Hydrostatic (NH) numerical model in term of free-surface deformation and bed shear stress. Such a comparison during the first year of WEST project will allow highlighting eventual mismatches and will help at focusing during the rest of the project on the improvements required on morphodynamics model used for engineering purposes such as Xbeach. M. Tissier has a strong expertise in wave transformation over sloping bottom and reef. A collaboration with her, showing her our datasets and development, could enhance our research. Besides, in a context of strong internationalization of research and teaching, especially within ISblue context, the maintenance of english language and the improvement of its current level often requires an immersive stay. Expecting to invest myself in the internationalization of Master training at IUEM and in the setting up of international projects, my level of English (CERCL 1 B1) is not sufficient to reach the level of subtlety and complexity required for teaching, research, project management (CERCL C1 is required or at least B2). An immersive stay in the Netherlands will allow me to reach the desired level. Indeed, the Dutch all speak fluent English, and welcome many foreigners in their laboratory. Informal discussions and lectures are held in English. My 3 daughters will also be enrolled in the international school of Delft (including nursery, primary and secondary school directly in the university), which will allow me to meet people outside the professional context, ensuring the practice of non-scientific English as well.

Shelly sediment transport over a submarine dune

Submarine dune morphodynamics is an issue that has been widely studied experimentally [START_REF] Langlois | Three-dimensionality of sand ripples under a laminar shear flow[END_REF][START_REF] Charru | Selection of the ripple length on a granular bed sheared by a liquid flow[END_REF] and numerically [START_REF] Valance | Nonlinear sand bedform dynamics in a viscous flow[END_REF][START_REF] Fourriere | Bedforms in a turbulent stream : formation of ripples by primary linear instability and of dunes by nonlinear pattern coarsening[END_REF][START_REF] Charru | Sand ripples and dunes[END_REF] but the link with reality is constrained by in situ measurement capabilities. Continuous ("real time") monitoring of structural morphology and measurement of in situ sedimentary flows remain major challenges for coastal hydrosedimentary dynamics, which do not allow for a full-scale study of transport processes [START_REF] Doré | Numerical modeling of subaqueous sand dune morphodynamics[END_REF]. In the framework of S. Homrani PhD thesis [START_REF] Homrani | Morphodynamique des dunes en eau peu profonde et transport sédimentaire : Le banc du creïzic[END_REF], Multi-Beam Echosounder (MBES) was coupled with a multifrequency acoustic profiling (ABS), allowing to characterize the type of sediment present in the water column in terms of size and shape [Fromant et al., 2017;[START_REF] Fromant | Mesure de matières en suspension (mes) dans la colonne d'eau par combinaison de méthodes acoustiques et optiques[END_REF][START_REF] Fromant | Suspended sediment concentration field quantified from a calibrated multibeam echosounder[END_REF] ; and a hydrophone has been used to estimate the bedload [START_REF] Homrani | Multi time-scale morphological evolution of a shell sand, dune bank in a shallow mesotidal environment[END_REF]. All these instruments, combined with high-resolution current meters or ACVP technology (UB-lab2C), could provide real insight in dune dynamics under unsteady current. For the moment, bank-wide morphological changes were only studied via bathymetrical dataset [START_REF] Homrani | Morphological evolution of a sand bank and superimposed dunes in a shallow tide-dominated environment at monthly to annual timescales[END_REF]. Many data remain unexploited, and several calibration procedure of acoustic devices remain to be done to be able to interpret acoustics signals : 1/ calibrate an appropriate acoustic inversion model for shelly sediment [Fromant et al., 2017] and 2/ calibrate the hydrophone into a hydrodynamic tunnel (in term of threshold pressure, amount of mobile sediments). This will be the objectives of a first PhD proposal entitled "Active and Passive acoustics for shelly sediment transport measurement at dune scale". Then, a field campaign gathering MBES, ABS, Hydrophone and UB-lab2C on one spring tidal cycle (repeated several times in order to address repeatability) would be performed and analyzed. The first PhD would focus on the sediment transport along the dune, and a second PhD would be recruited to focus on the hydrodynamics part, with the title "Shear stress along in situ submarine dune and sediment transport under bidirectional current". The objective would be to observe the vertical shear stress along the dune, its temporal evolution according to the unsteadiness of tidal current, and its influence on sediment transport, to finally conclude on the dune morphology equilibrium. Since in situ data are useful but somehow difficult to interpret cause of the presence of many random processes, this second PhD would be done in collaboration with A. Valance (IPR Rennes). N. Le Dantec is used to work with him and we have already collaborated on G. Minster PhD. N. Le Dantec has supervised with A. Valance a PhD student, S. Kiki (PhD 2015-2020), on numerical and experimental study on dune reversal under a bidirectional current. These skills could be reinvested into this second PhD to : 1/ compare in situ results to idealized cases results, 2/ improve our understanding of the displaced mass during current reversal and 3/ deduce the equilibrium morphology (volume, height, wavelength).

These topics are also proposed each year for MSCA fellowship grants. Even if we manage to obtain good results, we have not been successful yet. This project could be carried out with INSU-SYSTER or EC2CO projects, or with local project from EUR ISblue, and the PhD financed by the DGA or ARED/UBO. Most of the instrumentation is available at IUEM P2I or under acquisition.

Wave transformation in a fringing reef

In the continuity of my project dealing with the impact of bathymetry on wave transformation, the influence of coral reef on wave transformation is of great interest. I collaborate for several years with OSU La Réunion and UMR EspaceDev. I was involved in a EC2CO proposal with P. Cuet, dealing with Sedimentary budget of COral beaches : for an understanding of the evolution of the Coastline in a reef environment. In the context of global change, the objective was to identify the factors influencing the current evolution of the sediment budget. To do this, we were interested in parallel to the characterization of the sources (reef shelf ) and sinks (submarine and aerial reservoirs), the processes involved in the transfer of carbonates between these two compartments, and the contribution of dissolution to the loss of sedimentary material, in the context of coral reef degradation under the influence of local anthropogenic disturbances and climate change. We were not successful but the collaboration remains. As detailed in the chapter on hydrodynamics, I have been working with E. Cordier on dataset acquired in the framework of RenovRisk project and I focus on the wave transformation, via the implementation of a numerical model, Xbeach, in order to be able to quantify the resilience of water mass. After a preliminary study resulting in parametric runup and setup equations, as well as wave dissipation quantification and gravity wave transformation into IG and VLF waves into the lagoon [START_REF] Bruch | Wave transformation and water level over la saline fringing reef (la réunion island)[END_REF], we would like to pursue on this latter point, to be able to fully understand the free surface fluctuations and its influence on the currents and mass resilience. The model has been validated with a cross-shore configuration, the project is now to implement a 2DH configuration to catch the current and to compare to new dataset from RenovRisk, including punctual currentmeters and more wave gauges in the lagoon, as well in longshore configuration. I am also involved in the supervision of J. Machabee, PhD 2019-2022, dealing with the question of water level fluctuations in the lagoon via video, wave gauges and DGPS measurements. A CNRS or IRD delegation at UMR EspaceDev could be envisioned.

Dissolved Silicium and MicroPlastics release from beach sediments

The study of sediment mobility over sandy beaches make it possible to address multidisciplinary projects, linked to the content of beach sediments.

First, [START_REF] Fabre | An overlooked silica source of the modern oceans : are sandy beaches the key ?[END_REF] have recently shown the presence of dissolved silicon on beaches, resulting from the continuous agitation of sand grains due to waves in surf and swash zones. Dissolved silicates play an especially important role for the carbon export pump, as well as for the development of phytoplankton organisms that are at the base of the food chain. [START_REF] Fabre | An overlooked silica source of the modern oceans : are sandy beaches the key ?[END_REF] estimated that the contribution from sandy beaches would represent, at the global level, 23-32% of the total Si input flux to the ocean. This result is extrapolated from laboratory experiments at 25 • C with a mixture of "Fontainebleau sand" (pure quartz) and abiotic commercial filtered seawater, which corresponds to unrealistic conditions of a marine environment. The question that can be asked is therefore : under realistic conditions, is dissolution of sand grains in the swash-zone of Atlantic beaches a such important contribution to the marine silica cycle ? That is the question asked by J. Sutton (chemist from LEMAR, IUEM) to N. Le Dantec and I. The objective of the study is to test the hypotheses of [START_REF] Fabre | An overlooked silica source of the modern oceans : are sandy beaches the key ?[END_REF] under conditions as close as possible to the swash zones of the 5.1. RESEARCH PROJECTS 115 Atlantic beaches. It was first envisaged to use the DEXMES device to test the influence of agitation conditions on the amount of dissolved silicon. However, some simple calculations showed that the volume of the tank was too large to be able to measure correctly a dissolved silicium concentration. In addition, the DEXMES tank would have simulated an input from suspended sediments. However, we rather assume that it is by the bedload and the friction induced between the grains that the sediment will be able to be a source of dissolved silicon. In the experiment of [START_REF] Fabre | An overlooked silica source of the modern oceans : are sandy beaches the key ?[END_REF], the agitation is done by an agitator plate which has only one direction of rotation. The movement induced by this plate generates a displacement of water and sediment in the test tube. The link with sea state conditions is not feasible. Furthermore, it is not possible to know whether the dissolution of Si occurs when the water rubs against the suspended sediment or whether it occurs during the sediment-sediment rubbing phase, nor from which shear threshold it occurs. The agitation conditions of the experiment of [START_REF] Fabre | An overlooked silica source of the modern oceans : are sandy beaches the key ?[END_REF] cannot therefore be characterized.

The objective is therefore to implement an experimental system that would allow to have sediment motion and shear conditions similar to classical beaches. We therefore decided to build a closed cylindrical system allowing to conserve the sediment and to create the transport of the sand by the rotation of the tank and not by a displacement of the water. Indeed, [START_REF] Bagnold | Motion of waves in shallow water. interaction between waves and sand bottoms[END_REF] showed that the shear under an oscillating flow could be correctly represented by the oscillation of the sand underneath a fluid which is immobile. The principle presented by [START_REF] Bagnold | Motion of waves in shallow water. interaction between waves and sand bottoms[END_REF] is based on the difference in inertia between the fluid and the sand. Indeed, there will be a velocity gradient between water and sand (which is driven by the tank). When starting the tank, inertia will prevent the water from entering in motion instantaneously. When the tank changes direction of rotation, due to its inertia, the water will continue in the opposite direction to the direction of the tank. A shear will therefore be produced, comparable to what happens under an oscillating flow on a stationary bottom. We can make the hypothesis as a first approximation that this device will represent the shear that occurs under waves in littoral zone. The dimensioning of the tank is inspired by the thesis of [START_REF] Rousseaux | Etude de l'instabilité d'une interface fluide-granulaire : Application à la morphodynamique des rides de plage[END_REF]. K. Bihannic (Master 2 2020) has conceived the experimental device and has retrieved natural sands from several beaches. The covid lockdown has prevent him from ending the building and the testing of the device. A ISblue emergence project is asked (about 10 000 euros) in order to finalize the experimentations and to conclude on the influence of natural conditions on the release of dissolved silicates from sandy beaches under waves.

Second, the quantity of microplastics found in the ocean environment is much lower than the theoretical stocks generated [START_REF] Thompson | Lost at sea : where is all the plastic ?[END_REF]. One of the hypotheses put forward to explain this discrepancy is that plastics and microplastics have sedimented and are no longer detectable/visible in the aquatic environment. They would thus be present in sediments, for example beach sands, dune strands, mudflats, etc. [START_REF] Kedzierski | Pollutions du milieu littoral par les microplastiques : Méthodes d'évaluation[END_REF]. Coastal sediments, of different granulometries, have mobilization (vertical) and transport (lateral/longitudinal) abilities that vary in time and space according to the hydrodynamic conditions and the variation of the beach morphology. The uptake and release of microplastics by marine sediments can occur at any time during a tidal cycle depending on the vertical variation in the depth of sediment activation or depth of disturbance. So, could extreme wave events cause re-suspension of microplastics particles trapped in beach sediments and in what proportion ? Due to their easy accessibility, sandy beaches have been the main focus of studies assessing microplastic abundance (over 80% of reviewed abundance studies). The zone sampled, however, differs among studies : while some studies cover entire beach transects (perpendicular to the shoreline), others studied specific littoral zones. [START_REF] Hidalgo-Ruz | Microplastics in the marine environment : a review of the methods used for identification and quantification[END_REF] highlighted the lack in uniformity between studies. This could explain why the distribution of microplastics on beaches is still little understood, and that there is a need to systematically examine potential accumulation zones of microplastics. Choosing the appropriate site or zone for microplastic assessment on beaches may not be as straight forward as previously thought, yet presents a critical factor in the assessment of microplastic pollution in coastal regions [START_REF] Van Cauwenberghe | Microplastics in sediments : a review of techniques, occurrence and effects[END_REF]. Besides, [START_REF] Frere | Influence of environmental and anthropogenic factors on the composition, concentration and spatial distribution of microplastics : a case study of the bay of brest (brittany, france)[END_REF] have shown the presence of buoyant microplastics in sediment. This suggests the existence of physical and/or biological processes leading to vertical transfer of lightweight microplastics. The influence of vertical hydrodynamics processes should be investigated. M. Sedrati, geomorphologist at LGO and M. Kedzierski, biologist from IRDL (both from UBS) have proposed a ANR PRC project that would try to make advances on these two questions. A monitoring of the transfer of microplastics from the upper beach to the dunes and vice versa is proposed, in pre-and post-storm conditions, on sites usually monitored in the framework of DYNALIT. A monitoring of microplastics present in living organisms suitable for consumption near the pilot sites (mussels) will also be organized by ANSES. In this project, I intend to work on the monitoring of microplastics numerically. Most of numerical modelling consider floating debris, that are followed using lagragian drifter across the ocean, submitted to surface ocean currents. If the floating plastic arrives in a cell adjacent to coasts, it is considered as 'beached', so tracked by the coast [START_REF] Lebreton | Numerical modelling of floating debris in the world's oceans[END_REF][START_REF] Lebreton | Future scenarios of global plastic waste generation and disposal[END_REF]. The behaviour of microplatics in the surf and swash zone has not been explore yet. [START_REF] Hinata | Numerical modeling of the beach process of marine plastics : 2. a diagnostic approach with onshore-offshore advection-diffusion equations for buoyant plastics[END_REF] propose a model of the beach process, specifically the beaching-stranding-backwashing, of marine plastics from micro-to macroplastics using beaching and backwashing probabilities based on the mark-recapture experiments of marine litter and a time-invariant linear system analysis. This type of model is based on diagnostic partition of microplastics from nearshore to the beach and estimated residence time which constitute a strong hypothesis. The force of the present project will be that an hydro-morphodynamics numerical model will be used in order to retrieve these terms according to physical equations.

EDUCATIONAL PROJECT WITH SENEGAL

117 More generally, ISblue community offers the possibility to investigate the content of marine sediment, and the influence of massive sand mobilization and redistribution during extreme events, which are anticipated to become more intense in the future. These questions will be examined in collaboration with D. Zeppili for example, Ifremer researcher at LMEE, leader of a project dealing with a major technical innovation in taxonomic identification, allowing the identification of functional groups through advanced IA and 3D microscopy methods. A meeting between ISblue partners interested by the questions and methodological possibilities (e.g. numerical modelling via LOPS, experimental via LEMAR, LMEE and IRDL), ultimately aiming to develop and propose new national and/or international projects with members of the ISblue community.

Educational project with Senegal

The links between research and training are highly valued today. Generally speaking, social issues, professional issues, personal issues, training issues and scientific issues can be interrelated. The traditional organization of higher education is based on classical disciplines and privileging knowledge of how the world works. This tends to oppose professional training and research. New organizations of higher education tend to link professional fields and scientific fields, and to privilege knowledge of the processes of transformation of the world, making research and professionalization compatible. This new model would favor research/practice/training linked to human activities and environmental issues. This is one of the objectives of ISblue project. This is also one objective of the project we are conducting with our partner in Senegal. It is important to work with international partners in order to contribute to the development policies and respond to major issues related to global, environmental, economic, social and cultural changes that affect the entire planet.

The Guinea Gulf is particularly affected by climate change. According to a study published in March 2019 by the World Bank entitled "The cost of coastal zone degradation in West Africa", the degradation of coastal areas would cost a total of 3.8 billion dollars per year to Benin, Côte d'Ivoire, Senegal and Togo, equivalent to 5.3% of their GDP. Beyond its economic cost, the degradation of the West African coastline is shattering lives and destroying the livelihoods of millions of people. Investing in the preservation of West Africa's coasts is vital today. To this end, the World Bank, in collaboration with several French institutions, launched the West African Coastal Area Management (WACA) program in 2018. The program notably finances the construction of protective measures. France has become more actively involved for Senegal since the visit of President E. Macron on February 3, 2018 in St. Louis, classified as a World Heritage Site by UNESCO. On this occasion, President E. Macron announced that France would pay 15 million euros for the construction of a new rock dike to protect the city. Saint-Louis has seen an increasing number of rescue plans, for nearly a century, to try to slow the progression of the waters.

In addition to targeted actions in response to the emergency, it is important to train future generations in the preservation of coastal areas. The processes at play on the coastline are governed by complex physics, requiring specific training. The current context is marked by a growing demand for skills capable of designing methodologies and proposing solutions to mitigate or adapt to certain phenomena of oceanic origin that can have a negative impact on society (vulnerability of port platforms and tourist infrastructure, coastal erosion, marine pollution, pressure on ecosystems, etc.). To meet this demand and address these environmental issues, it is necessary to move towards a Master's degree program that reinforces the professionalization component and a course in coastal sciences.

In Senegal, the goal is to structure a multi-site and multidisciplinary master's program in marine sciences, adapted to the needs of the territory and based on the sharing of reflection on governance issues, tools and pedagogical practices between the two countries. The project has the following sub-objectives : 1/ to launch a joint reflection with management structure, research centers and stake-holders in order to analyse the societal needs related to the sustainable management of the coastal environment ; 2/ to define a content over three semesters in terms of Teaching Units, facilitating the professional integration of students ; 3/ to train Senegalese trainers (lecturer, assistant professor or engineer). This project will allow us to strengthen our collaborations with African partners, through an exchange of good practices and data on specific environments. B. Ali Sow from UASZ (Ziguinchor) got in touch with IUEM, looking for a specialist of hydrosedimentary processes to propose a 30h optional course to UASZ physicist master students, in order to begin a collaboration. We have built a program, and we have then proposed together a ADESFA project (from the french MEAE in 2018), and then a MIC ERASMUS+ project in 2019 with a mark of 82/100 (threshold at 90). In this latter proposition, we have included Y. Thomas, IRD researcher from LEMAR, expert in nearshore ecology. In 2020, the AFD (Agence Française de Développement) has opened ANR AFD PEA 2 call, including between 1.5 to 3.5 millions of euros to make a complete LMD program in collaboration with an African country. Y. Thomas and I, supported by E. Machu (IRD researcher from LOPS) who had spent several years at Dakar, and F. Jean, head of IUEM, have gathered all the ISblue partners in order to answer this ambitious call. 24 researchers from UBO, IRD, UBS, Ecole Navale, IRD, ENSTA-Bretagne and Shom have expressed their interest and potential implication into the project, untitled PLURIELS "Partenariat PLURIdisciplinaire en sciEnces du Littoral au Sénégal". The disciplinary fields of the involved researchers are physics, oceanography, sedimentology, ecology, biology, hydrography, law, economy, management, geography. The overall objective is the establishment of a multidisciplinary training program in coastal sciences at the Assane Seck University of Ziguinchor (UASZ) to train technicians, engineers and researchers able to coordinate the management of coastal areas in a context of multiple pressures, natural or anthropogenic. PLURIELS, 2.5 millions euros project, in conformity with the call request, includes a Licence and a Master program. Once accepted, the project would last four years.

The synergy engaged between the two countries is encouraging. Even if PLU-RIELS does not succeed, the dynamics will keep on existing by the supervision of master or PhD students, the design of courses, and the research collaboration.

And after ?

All the above-mentioned projects will generate new questions, that we will investigate. In the light of this manuscript, the project that will most enhance our team expertise is WEST project. WEST project gather all the new theoretical and methodological developments made by the team during the last decade : sediment quantification by acoustic technics, 3D reconstruction from optical devices, morphodynamics. It is also realizable thanks to the infrastructures that DynELi team has contributed to build : Pôle Image & Instrumentation of IUEM, DYNALIT and IR ILICO. WEST constitutes a missing brick in fundamental research and technological advances before being able to carry on future advances in coastal dynamics studies. Once the UB-lab2C is mastered, many projects may emerge, as for instance dealing with the impact of bottom roughness on wave transformation and WBL hydrodynamics. Seabed roughness, via the wave excursion to roughness length ratio, is shown to impact the boundary layer thickness and the flow regime [START_REF] Jensen | Turbulent oscillatory boundary layers at high Reynolds numbers[END_REF]. Increasing roughness implies a shift onshore of the streaming profile [START_REF] Kranenburg | Net currents in the wave bottom boundary layer : On waveshape streaming and progressive wave streaming[END_REF]. Instruments (including UB-Lab2C) would be installed at different geographic sites of DYNALIT exhibiting particular roughnesses (rough fixed bed at cliff toe, dissipative to reflective beaches, coral cover of a reef flat...). It is important to compare environments in order to reinforce the conclusions drawn in a particular environment. This is not straightforward, especially since it is difficult to reproduce a data acquisition identically. Our team has now expertise in coastal observations and we have a large, well-controlled dataset that will allow us in a few years to publish research integrating different environments. This type of research has more visibility and impact on the international community than single-site studies. The DYNALIT community also allows us to move forward in this perspective.

The aim of all of these projects is to contribute in the future to the sustainability of coastlines. Since the 1990s, the term sustainability has been used to designate a configuration of human society that enables it to ensure its perenniality. Such a human organization is based on the maintenance of a liveable environment, allowing economic and social development at a global scale and, if possible, on an equitable social organization. Three aspects are therefore to be studied : the environment, the social and the economy. The projects that I pursue contribute to the environment and the training part contributes in some way to the social. In order to really contribute to sustainability, it is important to link environmental studies with socio-economic studies. At the IUEM level, great efforts are made in this direction through projects such as the ANR Cocorisko or Interreg AGEO, coordinated by geographers. Following the various projects mentioned above, I would like to propose a project that would allow on one site to try to couple different time scales : paleontological (1000 to 10 000 years), historical (100 years), current (classical morphodynamic study and hydrosedimentary processes) in order to envision the future. A. Penaud from DynELi team uses foraminifers count in order to study the human occupation over thousands of years. The integration of economists in our projects should be considered : the AMURE laboratory of the IUEM works in particular on the influence of the coastal environment on the economy. Several workshops will be organized within the theme 3 of EUR ISblue, that I coordinated, during the next year in order to discuss together how to address sustainability in our projects and how to gather the ISblue teams skills together to propose future reliable projects.

Annexe A Curriculum Vitae

-2015: National workshop "Earth-Land workshop: (Geo)(hydro) sciences" at IUEM, Brest, gathering physicists and geologists.

-Involvement in National Service of Observation DYNALIT/Research Infrastructure ILICO as site manager (Porsmilin Beach), database generation and managing long-term data collection [following INSPIRE French norm to ensure that research data is Findable, Accessible, Interoperable and Reusable (FAIR), and soundly managed. The data are openaccess and the long-term preservation is insured on Ifremer's spatial data infrastructure, called Sextant. Concerning data citation, Sextant is able to ensure the sustainability of landing pages, linked to DataCite, describing the datasets. DOIs (Digital Object Identifier) can therefore be assigned on request for any data.] -2015-2017 : Scientific coordinator of Summer Schools « Mer-Education » of Labex-Mer, each year, for High school teachers (~70 teachers, ~40 scientists for 3 axis linked to the main topic each year)

[Initiated by the LabexMER, this summer school was built in close collaboration with UBO, Ifremer, and Océanopolis. The shared objectives are to participate in the continuing training of high school teachers, to contribute to the high school-university link and to the visibility of Brittany's excellence in research in marine and coastal sciences, whether in nature sciences or humanities and social sciences. The week was constituted of one day of conferences, two days of specific lectures and pratical application according to the chosen axis, and the last day, organized in collaboration with Oceanopolis, was dedicated to serious games and pedagogic restitution in order to help teachers to disseminate the knowledge to their scholars and to build interdisciplinary projects in high schools] Au cours des deux dernières décennies, d'importants efforts de recherche ont été consacrés à la compréhension et à la modélisation des processus de transport des sédiments sous des vagues non linéaires réalistes dans la zone littorale. Les mécanismes d'érosion pendant les événements extrêmes étant bien décrits dans la littérature, la nouveauté de WEST est d'entreprendre de nouvelles recherches sur le transport des sédiments pendant les périodes d'accrétion, menant au ré-engraissement de la plage. Pendant la récupération de la plage, plusieurs processus physiques interagissent. L'objectif général de WEST est d'évaluer les interactions entre les vagues, l'hydrodynamique et la pente de fond menant au transport net de sédiments vers la côte dans la zone de surf. Le premier objectif de WEST est d'étudier l'impact de la déformation de la surface libre sur l'hydrodynamique de la colonne d'eau, en particulier dans la Couche Limite de Fond (CLF). Le second objectif concerne l'interaction entre le courant et le transport de sédiment, ainsi que, dans une moindre mesure, l'influence possible de la pression dans le lit sédimentaire. Le troisième objectif de WEST concerne l'influence de la pente de plage sur les non-linéarités des vagues et le déferlement. La nouveauté de WEST réside également dans la première tentative d'obtenir des mesures in situ précises du transport des sédiments et des déformations de surface libre proche du déferlement. 

ANR CEP&S

Figure 1

 1 Figure 1.1 -A quoi les enseignants-chercheurs passent leur temps selon différents points de vue (extrait de www.phdcomics.com)

Figure 1

 1 Figure 1.2 -La méthode de prédiction va dépendre de l'étendue spatiale et de la durée de prédiction souhaitée.

  Figure 2.1 -Maps of NW France showing the location of the Porsmilin beach

Figure 2

 2 Figure 2.2 -(a) Location map of the Atlantic coast of Europe showing the offshore bathymetry (greyscale), numerical wave model WW3 outputs (pink diamonds), beach study sites Perranporth (PP), Slapton Sands (SP), Vougot (VG), Porsmilin (PM), Truc Vert (TV) (red circles) and weather stations used to compute the NAO (green circles) and WEPA indices (yellow squares) in Masselink et al. [2016] and Dodet et al. [2019]. The white contour line represents the 1000 m isobath. (b) Left : Time series of beach volume at the five study sites (with two profiles shown for Slapton Sands), with the beach volume set to zero on 1st December 2013. The dashed blue line represents the long-term trend over the period prior to the 2013/2014 winter, the red line represents the 2013/2014 winter response and the green line represents the recovery period. For Vougot and Truc Vert the evolution of the location of the dune foot (grey line) is also shown. Right : Absolute values of the volume change associated with the long-term trend (blue), seasonal variability (white), 2013/2014 winter response (red) and recovery period (green) (modified from Dodet et al. [2019])

Figure 2

 2 Figure 2.3 -Erosion (red)/accretion (blue) rate as a function of the to crossshore position and wave energy (m 2 ) for : Left MHWS, Center MHWN and Right MW levels ; linear equilibrium functions are fitted for variation rates included in [-0.05 ; 0.05] m/day (black lines) (modified from Lemos et al. [2018])

Figure 2 . 4 -

 24 Figure 2.4 -Diagram showing how the water level is taken into account in the equilibrium mode : (a) beach profile with the selected elevation contour Z0 and modeling threshold L, and (b) tide level determining the time periods (red) when the model takes into account the wave forcing to simulate change in the contour elevation cross-shore position (modified from Lemos et al. [2018])

Figure 2 Figure 2

 22 Figure 2.5 -Empirical model results forced by the wave energy for altitudes from -1 m up to 4.1 m (IGN69) every 0.1 m (coloured lines), in situ data for MW, MHWN and MHWS levels (black crosses), and the corresponding empirical model results (black thin lines) (modified from Lemos et al. [2018])

Figure 2 . 7 -

 27 Figure 2.7 -Temporal variability of the cross-shore position from in situ data (black crosses and grey dashed line) and from the empirical model (black line) at : Top MHWS and bottom MHWN levels (modified from Lemos et al. [2018]).

Figure 2

 2 Figure 2.9 -Erosion (red)/accretion (blue) rate as a function of the to crossshore position and wave energy (m 2 ) for : Top Left MHWS, Top Right MHWN, Bottom Left Mean Slope Break Location and Bottom Right MW levels ; linear equilibrium functions are fitted for variation rates included in [-0.05 ; 0.05] m/day (black lines) (from Caulet [2018])

Figure 2 .

 2 Figure 2.10 -Comparison of three modelled altitudes (MWL, MHWN and MHWS) using LTC (gray line and triangles) and STC (gray line with crosses) and measurements (black line and dots) (from Caulet [2018]).

Figure 3

 3 Figure 3.1 -Examples of in situ data tested against the formulations proposed in the literature (black dots). The formulations shown here are suggested by Stockdon et al. [2006]. The linear regressions between the in situ data and the models are shown (red lines) as well as the correlation coefficient. Predicted water levels are shown (black lines).

Figure 3

 3 Figure 3.2 -Setup vs the predicted setup using the Stockdon et al. [2006] formula using lower beach slope 0.017 (blue line) and using maximum upper beach slope 0.2 (red line) (modified from Floc'h et al. [2021])

Figure 3

 3 Figure 3.3 -Examples of in situ setup and simulated runup data at La Réunion compared to multiple linear regressions using the incident wave height and the water level (modified from Bruch et al. [2021]).

Figure 3

 3 Figure 3.4 -Significant gravity wave height Hs SW vs water level h measured by a wave gauge located at the bottom of the intertidal zone of Porsmilin : in situ data (circles) and γ = Hs SW /h = 0.5 (black line), the breaking ratio

Figure 3

 3 Figure 3.5 -Dissipation at the La Saline fringing reef as compared to the Lentz et al. [2016] dissipation model (modified from Bruch et al. [2021])

Figure 3

 3 Figure 3.6 -Hs IG vs offshore wave power proxy, coloured by the mean wave period : linear regression are done for the total dataset (black line), for wave period below 10 s (dashed line) or under 10 s (dotted line) (modified from Caulet [2018])

Figure 3

 3 Figure 3.7 -a) Pourville and Quiberville average wave spectra over experiments 1, 2 and 3 ; Instantaneous (grey) and 1-min filtered (black) sea-surface fluctuations (m) measured during one tide at : b) Quiberville/Sainte Marguerite (PT23) and c) Pourville (PT20) ; and Quiberville/Sainte Marguerite and Pourville significant VLF wave height for : d) experiment 1, e) experiment 2, f) experiment 3 (modified from Floc'h et al. [2021])

Figure 3

 3 Figure 3.8 -Wave spectrum at the reef slope and reef flat stations. On the right, the 53 days mean spectrum (modified from Bruch et al. [2021])

  Figure 3.10 -Measured elevations at Nha Trang during the field experiment from drone photogrammetry. Changes in morphology show the emergence of beach cusps over 3 days from 28 November (left) to 1 December (right), 2015. (modified from Daly et al. [2021])

Figure 3 .

 3 Figure 3.11 -Example of a cross-shore profile from the bottom to the top of the intertidal zone of Hs and Hs IG (Top), As and Sk (Middle), wave mean period and probes location (Bottom)

Figure 3 .

 3 Figure 3.14 -Left Initial image with long-shore stacks positions ; Right Processed image with five characteristics points : the first detection point projected on the waterline (A), the cross-shore and long-shore positions of the center of the head of the rip at first detection (B) and last detection (C) and its longshore width (E and D) (modified from Floc'h et al. [2018b])

Figure 3 .

 3 Figure 3.15 -Triangular frames for the ADCP and temperature sensors attached to the rope connecting the anchor to the buoy, to detect internal waves

Figure 4

 4 Figure 4.1 -Scheme of acoustic methods to use to measure Suspended Particulate Matter, depending on what we know about the suspension

Figure 4

 4 Figure 4.2 -Aulne estuary location

Figure 4

 4 Figure 4.3 -Results of bathymetry comparison between 1977 and 2013. The thin gray transect lines represent data that could not be used. The thick gray bars indicate the zones of shallowing and deepening relative to 1977.

Figure 4 . 4 -

 44 Figure 4.4 -Up Longshore current (m/s) ; Middle Cross-shore current (m/s) ; Bottom Turbidity (NTU)

Figure 4

 4 Figure 4.5 -Comparison of backscattering functions to calculate the particle size as a function of the bi-frequency backscattering ratio

Figure 4

 4 Figure 4.6 -Illustration of the model used to invert the backscattered signal from the aggregated particles in suspension (black lines). N is the porosity chosen as input for the backscattering model. The grey dashed line corresponds to Thorne [2014] model.

Figure 4 . 7 -

 47 Figure 4.7 -Left Outputs of the inversions for the January experiment for the Truncated Fluid Sphere (TFS) model at sampling depth. Right Overall comparison between the optical turbidity converted into mass concentration and mass concentration output estimated using the TFS model.

Figure 4

 4 Figure 4.8 -Schematics of the in situ calibration protocol used to calibrate the MBES

Figure 4 . 9 -

 49 Figure 4.9 -Top Inverted mass concentration in mg/L observed from the central beam of the echosounder ; Bottom Time series of mass concentration estimated by the beam in central position and steered at 60 •

Figure 4 .

 4 Figure 4.10 -Mass concentration echograms at four different times during the experiment

Figure 4 .

 4 Figure 4.11 -Presentation of the DEXMES tank : Left cutting plan and Right photograph showing the overall elements : tank, pump and distribution circuit

  (a)[START_REF] Abbott | Saltation and Suspension Trajectories of Solid Grains in a Water Stream[END_REF] (b) Van Rijn[1989] 

Figure 4 .

 4 Figure 4.12 -(a) Schematic of the distribution of sediment transport regimes ; (b) Incipient motion and suspension of a particle subjected to a direct current, Shields parameter vs grain diameter parameter

Figure 4 .

 4 Figure 4.13 -(a) Gulf of Morbihan from the Litto3D bathymetry with the location of the Creïzic bank (red square), study site of S. Homrani PhD, (b) The Creïzic bank bathymetry (2017 November, MBES) with the maximum flood and ebb current at spring tide form Marcos et al.(1996), the moorings locations, deployed during fall 2017, and the position of the P8 cross-bank seismic profile (modified from[START_REF] Homrani | Morphodynamique des dunes en eau peu profonde et transport sédimentaire : Le banc du creïzic[END_REF] 

Figure 4 .

 4 Figure 4.14 -Estimated bedload transport from Meyer-Peter and Müller [1948] bedload formula according to the current velocity near the bottom from hydrodynamic model MARS3D, using the sum of grain roughness (3.1 mm from Soulsby[1997]) and drag form roughness (about 37 cm from average velocity profiles and[START_REF] Grant | Movable bed roughness in unsteady oscillatory flow[END_REF]). (modified from[START_REF] Homrani | Morphological evolution of a sand bank and superimposed dunes in a shallow tide-dominated environment at monthly to annual timescales[END_REF])

  4.15) and to quantify each transport component (corresponding to each arrow on fig. 4.15), difference of DTMs is not sufficient. Sediment transport deduced from difference of DTMs represents a cumulated situation and is not resolved in time. Measurement with sufficient temporal resolution are required,

Figure 4 .

 4 Figure 4.15 -Conceptual schematic of the sediment transport pathways suggested by monthly dune migration at the scale of the Creïzic Bank. The gray dashed is a supposed suspension pathway (modified from Homrani et al. [2021])

Figure 4 .

 4 Figure 4.17 -Cartography of the number of grains per surface in bedload transport estimated by inversion of passive acoustic data for : a) the spring-tide measurement session (coeff. 102) ; b) the neap-tide measurement session (coeff. 55). Bottom bathymetry corresponds to the DEM of Nov. 2017, colored with a gray scale from -25 m to -3 m (zero IGN69). The black lines symbolize the crest lines of the large dunes in the central part of the study site

Figure 4 .

 4 Figure 4.18 -Top Number of mobile grains per surface D for the transect 26 during spring-tide computed from passive acoustic ac and bottom friction velocity estimates u * extracted from : a) the numerical model MARS3D ; b) the drift velocity of the boat ; Bottom h represents the water depth.

Figure 4

 4 Figure 4.19 -(a) Scheme of the IPR flume and (b) Snapshot of the video recording, with superimposed trajectories of the particles obtained from image analysis (modified from Minster et al. [2021])

Figure 4

 4 Figure 4.20 -(a) Shields diagram (τ * versus the particle Reynolds number R * = du * /ν) for the bed roughness d B = 1.6 cm. The solid and dashed lines correspond to the critical Shields value evaluated by Guo [2002] and Auel et al. [2017], respectively. The dotted lines are the iso-diameter curves corresponding to the three particle diameters used in the experiments. The contours lines correspond to the interpolated saltation ratios. (b) Saltation threshold τ * c versus relative bed roughness d B /d. (modified from Minster et al. [2021])

Figure 4

 4 Figure 4.21 -(a) Dimensionless mean jump height H/d as a function of the relative excess shear stress (τ * /τ * c -1). (b) Dimensionless mean jump length L/d as a function of the relative excess shear stress (τ * /τ * c -1). (c) Dimensionless mean jump height H/d B as a function of the excess shear stress (τ * -τ * c ). All the data collapse on a unique scaling law : H/d B ≈ α H (τ * -τ * c ) 0.75 with α H = 14. (d) Dimensionless mean jump length L/d B as a function of the excess shear stress (τ * -τ * c ). For a given relative bed roughness the data can be reasonably well approximated by the following law : L/d B ≈ α L (τ * -τ * c ) 0.75 where α L depends on the relative bed roughness d B /d. α L ≈ 160, 124.5, 89, 71 and 35.5 for d B /d = 0.24, 0.4, 0.53, 1, 1.62, respectively. Data are sorted according to the relative bed roughness d B /d.
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  23-26 Aug. 2015 : Marine Food Ressources « Océan & Société : Nourrir les hommes » -22-26 Aug. 2016 : Marine Renewable Energies « Océan & Société : Energies Marines » -28-31 Aug. 2017 : Human being at interface land-sea « Océan & Société : l'Homme entre Terre et Mer » -2019-2020: Member of board and steering committee of ALLOHa project [As a place for collaborative innovation, ALLOHa (Advanced Living Lab for Ocean Hacks) aims to bring together the scientific communities, in Marine Sciences and Data Sciences along with companies that innovate in these fields. ALLOHa is a first initiative before creating the Ocean Project Hub in ISblue enhancing the link between students, companies and scientists.]-Three participations to "Journée des sciences de l'ingénieur au féminin" [promoting engineer career for girls in College and High-Schools] Représentante de l'UMR 6538 dans le Groupe de Recherche 3763 EMR Membre du CSDMS [The Community Surface Dynamics Modeling System (CSDMS) deals with the Earth's surface and the observable and projected changes constantly taking place -the ever-changing dynamic interface between lithosphere, hydrosphere, cryosphere and atmosphere. CSDMS supports the development, integration, dissemination and archiving of community open-source software, that reflects and predicts earth-surface processes over a broad range of temporal and spatial scales.]Autres activités et responsabilités (pédagogiques, administratives)Responsable pédagogique : -2012-2018 : Licence Professionnelle « Coordinateur de projet : Aménagement du paysage littoral» -De 2014 à 2017: Montage du parcours de L3 STU Hydraphie Shom en collaboration avec le Shom (sous convention tri-partite Shom/UFR Sciences/SUFCA) -Depuis 2017: L3 STU Hydrographie Shom [les étudiants postulent en même temps pour un certificat international de l'Organisation Hydrographique Internationale (OHI) appelé catégorie B, dispensé par le Shom. En fin d'année, les étudiants intègrent un master ou obtiennent un poste permanent en quelques mois dans une entreprise] Porteuse de projets d'enseignement -2018 Dépôt projet ADESFA du MEAE avec plusieurs universités du Sénégal (non obtenu) -2019 Dépôt d'un projet MIC ERASMUS+ avec l'université Assane Seck de Ziguinchor (Sénégal) (note 82/90, non obtenu) -2020 Dépôt d'une pré-proposition à l'AAP ANR PEA « PLURIELS : Partenariat PLURIdisciplinaire en sciEnces du Littoral au Sénégal » (2,5 millions d'euros) avec l'université de Ziguinchor (Sénégal), les partenaires ISblue et le Shom (en cours) 2012-2020 -Maitre de Conférence au département STU de l'UBO Matières enseignées durant les 8 dernières années -Coastal management (30h/year), L3 pro. Aménagement du Paysage -Finite differences for numerical modeling (24h/year), Master Geosciences -Hydrosedimentary processes (30h/year), Master Geosciences -Hydrological Survey (24h/year), L3STU hydrography -Bathymetric Survey (48h/year), L3STU hydrography -Fluid mechanics (20h/year), first-year enginner school ENSTA-Bretagne (BAC+3), exercices -Terrestrian Magnetism (15h/year), L2 geology -Water shedding structure (24h/year), Master Biodiversity Management and Conservation -Hydrogeology (24h/year), L2 geology -Communication methods (6h/year), Master Geosciences -Acoustic sensors (6h/year), Master Sensors Physics 2007-2010 -Teaching Assistant@ Ecole Nationale des Techniques de l'Armement (ENSTA-Bretagne). -Fluid mechanics (60h/year), first-year enginner school (BAC+3), exercices and laboratory experiments -Research in Naval Hydrodynamics (12h), third-year enginer school (BAC+5), lectures Responsabilité élective universitaire : -2015 -2020: Conseil d'Administration de l'Université de Bretagne Occidentale -2016 -2021: Conseil de Laboratoire de l'UMR 6538 'Géosciences Océan'

  2011-2015 EPURE Responsable scientifique du WP 3738 000 euros (90 000 euros pour notre équipe)Partenaires : IRD LEMAR -IRD LPO -INRH MarocLe projet concerne la potentialisation d'une pollution marine par les changements environnementaux et à ses conséquences sur la filière pêche. Le cas d'étude retenu concerne les micro-polluants formés par les éléments traces métalliques et se situe en Afrique de l'Ouest (Maroc) en zone d'upwelling. La tâche 3 concerne la mesure de la quantité de sédiments en suspension dans la colonne d'eau susceptibles de transporter des micro-polluants à différentes périodes de temps et en quelques points stratégiques. Ces mesures permettent de préciser les liens entre quantité de sédiments en suspension et déposés, intensité des courants et concentrations en métaux lourds (Cu, Cd..). Quatre méthodes complémentaires sont mises en oeuvre pour évaluer le transport sédimentaire : 1) Mesure et modélisation des processus océanographiques de la zone responsables des courants ; 2) quantification des volumes sédimentaires déposés dans les zones d'upwelling, pendant et hors des périodes de forte activité ; 3) mesure de la quantité de sédiments en suspension pendant ces périodes ; 4) analyse des ETM des sédiments de surface et en suspension et détermination de leur origine. LEGOS -SHOM -EPOC L'objectif de COASTVAR concerne la caractérisation de la dynamique littorale en déterminant à la fois l'évolution morphologique (proche littoral et émergée), les causes (forçage) de cette évolution ainsi que les processus hydro-sédimentaires impliqués, ceci à plusieurs échelles de temps: événementielle, saisonnière et interannuelle. Plus précisément, une attention particulière sera portée à l'impact des événements extrêmes et leur impact intégré sur le plus long terme, et aux échanges cross-shore induits par la circulation du aux vagues. Le projet contient 3 taches: Dans une première tâche, des moyens d'observations innovants (imagerie vidéo et drone) seront déployés en complément de moyens conventionnels.Dans une deuxième tâche, les conditions de vagues seront propagées de l'échelle régionale à la côte et des configurations littorales couplées vagues-courants 3D seront mises en place.Dans une troisième tâche, le processus de recouvrement de plage est étudié et modélisé via le code de calcul Xbeach. Les améliorations apportées seront ensuite intégrées dans le simulateur du PEA ECORS du SHOM. -SHOM -DCNS -UniCaen Lusac -IXSurvey… Afin d'accompagner les développements des fermes d'hydroliennes, ce projet propose d'apporter une amélioration de la connaissance du milieu physique. Les effets potentiels des sédiments transportés sur les hydroliennes et leurs périphériques constituent un des verrous à lever pour aider les industriels à optimiser le dimensionnement des machines, dérisquer les projets de fermes et in fine, minimiser le LCOE. D'autre part, la connaissance de l'état hydro-sédimentaire initial du Raz Blanchard sera essentielle pour les futures études d'impact physique et biologique des fermes hydroliennes.L'objectif de la tâche 6 est de développer un modèle hydro-sédimentaire haute-résolution du raz Blanchard qui prendra en compte à la fois les processus micro-échelles et les conditions hydro-sédimentaires de la zone d'étude. Les questions scientifiques traitées ici seront : la modélisation de la trajectoire de sédiments grossiers dans un fluide lourd, la quantification du débit solide à différentes profondeurs dans un milieu hydrodynamique extrême, l'interprétation de ces résultats au niveau macro-échelles et leur prise en compte dans un modèle hydro-sédimentaire régional. Les verrous auquel nous proposons de nous attaquer sont : 1/ la prise en compte des efforts visqueux et inertiels dus au fluide sur le sédiment grossier de forme non-sphérique et leur impact sur la mobilisation et la saltation du sédiment, 2/ la modélisation des chocs inter-particules, processus essentiel pour garder en suspension des sédiments grossiers et participant de façon non-négligeable au débit solide résultant aux profondeurs intéressant l'industrie de l'hydrolienne, 3/ enfin le changement d'échelle, qui est un problème rencontré dans de nombreuses disciplines de la physique et qui sera ici primordial pour améliorer la modélisation hydro-sédimentaire 3D sur une zone de quelques kilomètres de côté. LEGOS -Delft university Financement d'un post-doctorat (Christopher Daly) et son fonctionnement en marge de la tâche 3 de l'ANR Coastvar sur la modélisation numérique du recouvrement des plages sous conditions extrêmes type typhons. ARED Bourse région 2015-2018 Porteuse du projet 40 000 euros Partenaire : LPO Financement de la thèse de Charles Caulet pour l'étude sur le site atelier du SNO concernant l'impact des ondes infragravitaires sur la morphodynamique des plages sableuses macrotidales. UBO BQR 2013-2014 Turbid-ex Porteuse du projet 8 000 euros Financement initial pour le dispositif expérimental de mesure de MES par multi-capteurs (compété par plusieurs autres projets les années suivantes) PEPS Terre-Mer 2014-2015 Porteuse du projet 10 000 euros Partenaires : DYNECO PHYSED Ifremer -Géosciences Rennes Co-financement pour le dispositif expérimental de mesure de MES par multi-capteurs LABEX-MER AO AXE5 2013 Porteuse du projet 3 000 euros Co-financement pour le dispositif expérimental de mesure de MES par multi-capteurs LABEX-MER AO AXE5 2014 Porteuse du projet 3 000 euros Partenaires : LETG Géomer -IRD LEGOS -LPO Financement pour l'installation d'un système vidéo sur le site atelier du SNO Dynalit Porsmilin pour l'observation des niveaux d'eau, de la morphologie de la plage et des forçages hydrodynamiques LABEX-MER AO AXE5 2015 Porteuse du projet 6 000 euros Partenaires : LETG Géomer Financement de deux capteurs de pression pour la mesure du niveau d'eau et du spectre des vagues au large des sites ateliers du SNO Dynalit LABEX-MER AO Campagne à la mer ICOPHY 2016 Porteuse du projet 22 000 euros Partenaires : SHOM Financement de temps à la mer, de jours de campagne pour des chercheurs et de la location de sismomètre en parallèle des campagnes à la mer prévues dans l'ANR FEM PHYSIC LABEX-MER AO inter-axes WAVESCALE 2017 Responsable du projet pour le labo 50 000 euros Partenaires : LOPS Financement pour l'amélioration et la comparaison de différents moyens de mesure de la position de la surface libre de la mer. Projet Fondation de France Rev Cot (S. Costa) 2017 -2019 membre du projet 5 000 euros pour le LGO Projet E. Dormy 2018 CNES Tosca MAEVA membre du projet 6000 euros pour le LGO INSU EC2CO 2018-2020 HOOPLA membre du projet 30 000 euros INSU EC2CO 2014-2016 DEXMES membre du projet 30 000 euros Partenaires : DYNECO PHYSED Ifremer -Géosciences Rennes -SHOM
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  Table 3.1 -Statistics and errors on water level modelling. Different models proposed in the literature are tested. The accordance with our dataset is shown

		al. (1968)		
		Hansen (1978)	0.34	17.8
	η = 0.04 * η = 0.35 * β * √ H 0 * λ 0 √ H 0 * λ 0	Guza and Thornton (1981) Hanslow and Nielsen (1993) 0.35 Stockdon et al. (2006) -0.26	17.8 18.4
	R 2% = f (β, H 0 , λ 0 ) S G = 0.75 * β * √ H 0 λ 0 S IG = 0.06 * √ H 0 λ 0	Stockdon et al. (2006) Stockdon et al. (2006) Stockdon et al. (2006)	0.57 0.84 0.45	18.9 17.0 14.2

by the correlation coefficient (with a 95 % confidence interval) and by the root mean square error (RMSE) between the model and the in situ data changes due to tides and/or storm surges, allows for better consideration of beach slope variations in the context of a concave beach profile. The use of fixed bounds (upper or lower bounds) or an averaged planar slope for the calculation of beach slope is therefore inappropriate when beaches exhibit complex morphology with a composite-slope, especially in a macrotidal environmental context. Then,

Caulet et al. [2017] 

have compared the Porsmilin in situ data to numerous empirical formulae from the literature

Je conçois alors l'Habilitation à Diriger des Recherches comme une étape indispensable pour élargir ma capacité à traiter ces problématiques par des encadrements de thèse et des responsabilités de projets. Je commencerai donc ce manuscrit par un chapitre sur le contexte de mes recherches, incluant les montages de parcours d'enseignements. Je résumerai mes résultats de recherche en commençant par l'étude de la variabilité morphologique des plages sableuses, puis l'étude des processus hydrodynamiques littoraux et enfin la quantification du transport sédimentaire. Ces différentes contributions sont essentielles pour appréhender les flux sédimentaires et la morphodynamique qu'ils engendrent sur la côte. L'HDR est avant tout un moment de réflexion permettant une prise de recul par rapport à ses recherches. Cela m'a conduit à proposer un projet ANR JCJC WEST qui vient d'être accepté. Ce projet est réalisable grâce aux avancées réalisées par l'équipe DynELi depuis ses dernières années. Je terminerai donc ce manuscrit par les projets que nous souhaitons poursuivre au sein de l'équipe DynELi (Dynamique des Environnements Littoraux).

https://iho.int/fr/normes-et-specifications

P2I, permettant la mutualisation de nombreux instruments, outils, logiciels, compétences

DYNATREZ stands for "Dynamics of sand", TREZ being a breton word meaning sand, and it is also the name of the INSU and labex MER projects that financially support the field campaigns

Partenariat avec l'Enseignement supérieur Africainhttps://anr.fr/fr/detail/call/ appel-a-projets-specifique-partenariats-avec-lenseignement-superieur-africain/

licence STU et un certificat international de technicien hydrographe 1. Service Hydrographique et Océanographique de la Marine