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In this thesis, we propose a study centered on the 1-3s period band which is particularly interesting for the monitoring in southern Europe; measurements over longer periods being contaminated by seasonal changes in the noise source. Beyond allowing the study of velocity changes associated with earthquakes, the 1-3s period band also allows us to track changes in groundwater levels, providing a unique opportunity to track the response of the crust to the hydrological cycle.

Thus, we study the crustal properties of the two most seismically active countries in Europe: Greece and Italy. Using ambient noise auto-correlations, we measure these two countries' seismic wave velocity variations over a period of 10 years (2010)(2011)(2012)(2013)(2014)(2015)(2016)(2017)(2018)(2019)(2020)(2021)(2022). The results obtained at short periods (0.5-3s) indicate that the velocity changes are seasonal, and mainly controlled by processes related to the charge and discharge of aquifers. We propose a simple method to quantify the seasonality of the δv/v measurements of each region, which correlates well with the presence of aquifers.

Then, we apply a model to estimate the water level inside the aquifers in the region, from the closest available precipitation dataset. The results indicate that, in some cases, the velocity variations are sensitive to a poroelastic effect within the aquifer, while in others, are proportional to an elastic effect of the underlying rocks due to the weight of the aquifer. We also show that the cases where the velocity variations have no correlation with rainfall are a consequence of agricultural pumping. trieve with great assiduity the main sedimentary basins, and, at higher periods, the crustal roots of the Hellenides. This is a first step to build a 3D model of the Aegean crust. The objective is to determine the tectonic structures associated with our velocity variations, and potentially, to specify the depth of the velocity perturbations.

Avant tout, je voudrais remercier mon superviseur Laurent Stehly, sans qui cette thèse n'aurait jamais vu le jour. En plus d'être la personne la plus humble et enthousiaste que je connaisse, j'ai eu l'occasion de découvrir une personne extrêmement humaine et patiente (promis j'ai oublié le mot "disturbance"). Je dirai même que malgré les conditions de Covid initiales, Laurent m'a toujours encouragé à participer à des conférences internationales, ce qui m'a permis de rencontrer de nombreux chercheurs et d'avoir de très nombreuses conversations stimulantes sur mon travail. Je lui serai à jamais reconnaissante pour m'avoir permis de vivre ces expériences. Je ne pense pas que j'aurais pu avoir meilleur allié durant ces 3 ans et demi de thèse. Alors vraiment, merci d'avoir été là, et merci de m'avoir donné l'opportunité de travailler sur ce sujet.

Based on these results, we develop this approach in Italy. We confirm the correlation of seasonal δv/v s with the presence of aquifers at depth. Moreover, we make use of multiyear continuous recordings to analyze the long-term variations of the δv/v s . In some areas, we observe a continuous increase in velocity, which could indicate a progressive depletion of aquifers, especially in Campania or Sicily. One notable exception to this trend is the central Apennines, at the level of the Calderone glacier, where the velocity variations indicate an increase in the aquifers' water levels. Furthermore, the correlation observed with surface deformation measurements obtained by GPS and hydraulic head measurements, allows us to quantify the sensitivity of velocity variations in terms of water level.

Finally, we attempt to specify the dependence of the seasonal changes observed at the surface as a function of depth. The δv/v s calculated in different period bands, and at different lapse times suggest an increased sensitivity of coda waves to deep disturbances such as the presence of fluids (geothermal or over-pressurized sources). In Italy, these fluids could be CO2 volumes located at depths between 5 and 10km, while in Greece these fluids consist mainly of geothermal flows. This large set of observations shows a complex relationship between the velocity variations observed at the surface and the most probable location of these perturbations at depth, which may serve as a base to evaluate the sensitivity of the noise correlation technique.

Lastly, group velocity maps calculated from noise cross-correlations indicate that we re-2

Résumé

Nous proposons dans cette thèse, une étude centrée sur la bande 1-3s de période qui est particulièrement intéressante pour les études de surveillance du sud de l'Europe; les mesures sur des périodes plus longues étant contaminées par les changements saisonniers de la source de bruit. En plus de permettre l'étude des changements de vitesse associés aux tremblements de terre, la bande de période 1-3s nous permet également de suivre les changements de niveaux des eaux souterraines, offrant une opportunité unique de suivre la réponse de la croûte au cycle hydrologique. 5 profondeur, ce qui peut servir de base pour évaluer la sensibilité de la technique de corrélation du bruit.

Enfin, les cartes de vitesse de groupe calculées à partir des corrélations croisées de bruit indiquent que nous retrouvons avec une grande assiduité les principaux bassins sédimentaires, et, à des périodes plus élevées, les racines crustales des Hellénides. Il s'agit d'une première étape pour construire un modèle 3D de la croûte égéenne. L'objectif étant de déterminer les structures tectoniques associées à nos variations de vitesse, et potentiellement, de préciser la profondeur des perturbations de vitesse. Aquifers are the main water resources in the world. However, in many regions, the amount of water stored in aquifers tends to decrease over time [START_REF] Wada | Global depletion of groundwater resources[END_REF]. This is due to climate change, but also to the increase of population and agriculture. Figure 1.1 presents the water scarcity index over the world. This index represents a ratio between annual water withdrawals and annual renewable water resources [START_REF] Shiklomanov | The world's water resources[END_REF]. A region is considered highly water-stressed if this ratio is above 0.4 [START_REF] Oki | Global hydrological cycles and world water resources[END_REF][START_REF] Oki | Global assessment of current water resources using total runoff integrating pathways[END_REF][START_REF] Vörösmarty | j. salisbury and rb lammers[END_REF][START_REF] Falkenmark | Balancing water for humans and nature: the new approach in ecohydrology[END_REF][START_REF] Alcamo | Development and testing of the watergap 2 global model of water use and availability[END_REF] (red color on the map). Thus, many countries are considered highly water-stressed, in particular in Asia or in western USA. In the following, we will discuss the evolution of the world's water reserves and analyze the factors that influence their depletion and pollutants contamination. renewable freshwater resources (RFWR), water withdrawal, and water generated by desalination, respectively. Water stress is higher for regions with larger Rws. A region is usually considered highly water-stressed if Rws is higher than 0.4. [START_REF] Oki | Global hydrological cycles and world water resources[END_REF][START_REF] Oki | Global assessment of current water resources using total runoff integrating pathways[END_REF][START_REF] Vörösmarty | j. salisbury and rb lammers[END_REF][START_REF] Falkenmark | Balancing water for humans and nature: the new approach in ecohydrology[END_REF][START_REF] Alcamo | Development and testing of the watergap 2 global model of water use and availability[END_REF] (from [START_REF] Oki | Global hydrological cycles and world water resources[END_REF])

Perturbation of the hydrological cycle due to climate change

Climate change refers to long-term variations in temperature and weather conditions [START_REF] Demeritt | The construction of global warming and the politics of science[END_REF]. These changes can have a natural origin, for instance, they can be due to variations in the solar cycle (glacial and interglacial cycles) [START_REF] Petit | Climate and atmospheric history of the past 420,000 years from the vostok ice core, antarctica[END_REF][START_REF] Puget | Le changement climatique[END_REF]. But since the 1800s, human activities (energy, industry, transportation, buildings, agriculture and land use) have been the main driver of climate change, especially the burning of fossil fuels such as coal, oil, and gas. This combustion leads to the release of greenhouse gas like carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) in particular. As an example, in 1765, the atmospheric concentration of CO2 was about 280 parts per million by volume (ppmv) and reaches 421 ppvm in 2022 [START_REF] Puget | Le changement climatique[END_REF][START_REF] Falkowski | The global carbon cycle: a test of our knowledge of earth as a system[END_REF][START_REF] Loáiciga | Climate change and ground water[END_REF][START_REF] Stein | Carbon dioxide now more than 50% higher than pre-industrial levels[END_REF] due to human activity (Fig. 1.2). It results in an increase in infrared radiation emitted by the surface and thus, to an increase in temperature. Indeed, the authors of the GIEC (intergovernmental group on climate change) report state that a doubling of carbon dioxide levels leads to a global temperature increase of 1.5°C to 4.5°C above pre-industrial temperatures [START_REF] Stocker | Résumé technique[END_REF].

The question is to determine how groundwater resources are affected by climate change and the induced rise of temperature.

Figure 1.2: Schematic variance spectrum for CO2 over the course of Earth's history. Note the impact of human perturbations on the decade-to-century scale. (Inset) Changes in atmospheric CO2 over the past 420,000 years as recorded in the Vostok ice, showing that both the rapid rate of change and the increase in CO2 concentration since the Industrial Revolution are unprecedented in recent geological history(from [START_REF] Falkowski | The global carbon cycle: a test of our knowledge of earth as a system[END_REF]).

The hydrological cycle is intimately linked to changes in atmospheric temperature and the radiation budget. The warming of the atmosphere in recent decades is unequivocal, as evidenced by observations of increasing average air and ocean temperatures, widespread snow and ice melt, and global sea level rise [START_REF] Bates | Climate change and water. Intergovernmental Panel on Climate Change Secretariat[END_REF].

Climate change influences groundwater systems in several ways [START_REF] Taylor | Ground water and climate change[END_REF][START_REF] Cuthbert | Observed controls on resilience of groundwater to climate variability in subsaharan africa[END_REF]: it can affect the amounts of soil infiltration, deeper percolation, and hence groundwater recharge (Fig. 1.3). Also, rising temperature increases the evaporation on land [START_REF] Berg | Land-atmosphere feedbacks amplify aridity increase over land under global warming[END_REF], which limits the amount of water to replenish groundwater. However, unlike rivers, groundwater will be less directly and more slowly affected by climate change. This is because river renewal gets replenished on a shorter time scale, so droughts and floods affect river levels quickly. Groundwater, on the other hand, will be affected much more slowly. Only after long periods of drought groundwater levels will show declining trends [START_REF] Hetzel | Groundwater and climate change: Challenges and possibilities[END_REF]. However, climate change is not the only cause of groundwater depletion and water resource degradation. Groundwater levels of many aquifers around the world show a decreasing trend, but this is generally due to groundwater pumping exceeding groundwater recharge rate, and not to a climate-related decrease in groundwater recharge [START_REF] Hetzel | Groundwater and climate change: Challenges and possibilities[END_REF]. Indeed, population growth, spatial expansion of urban areas, and the effects of tourism are all factors that are driving increasing water demands [START_REF] Lo | Irrigation in california's central valley strengthens the southwestern us water cycle[END_REF].

In the rest of this chapter, the effects of groundwater pumping on aquifers are discussed while analyzing the state of water resources on a global scale. Then, we will focus our study on the countries surrounding the Mediterranean Sea with a particular emphasis on Greece and Italy.

World water resources and evolution of aquifers

Worldwide, one-third of the population relies on groundwater for its freshwater supply. Groundwater, which accounts for about 99% of all liquid freshwater on Earth (Shiklo-manov and Rodda, 2003), offers societies immense opportunities for social, economic, and environmental benefits. In addition, groundwater provides 49% of the volume of water withdrawn for domestic purposes for the world's population (FAO (2021)(Food and Agriculture Organization of the United Nations), [START_REF] Margat | Groundwater around the world: a geographic synopsis[END_REF]) and about 25% of all water withdrawn for irrigation, serving 38% of the world's irrigated land (FAO, 2021;[START_REF] Margat | Groundwater around the world: a geographic synopsis[END_REF][START_REF] Siebert | Update of the digital global map of irrigation areas to version 5[END_REF][START_REF] Unesco | The united nations world water development report 2022: Groundwater: Making the invisible visible[END_REF]. In arid and semi-arid areas, dependence on groundwater for water supply ranges from 60 to 100% [START_REF] Hetzel | Groundwater and climate change: Challenges and possibilities[END_REF].

Although climate variability and climate change may have some influence on this phenomenon (by affecting groundwater recharge and water demand), long-term depletion of groundwater reserves is most often the result of intensive extraction. This depletion is observed in a large number of aquifers, mostly located in semi-arid and arid areas, where it often poses a serious threat to the sustainable use of groundwater, especially for irrigation purposes. Globally, the rate of depletion of groundwater reserves is considerable: it is estimated to be between 100 and 200 km³/year at the beginning of this century [START_REF] Bierkens | The shadow price of irrigation water in major groundwater-depleting countries[END_REF][START_REF] Unesco | The united nations world water development report 2022: Groundwater: Making the invisible visible[END_REF].

Yet, environmental concerns related to groundwater generally focus on the impact of pollution and quality degradation in relation to human uses, particularly domestic supply. Due to high population growth and industrialization, greater amounts of domestic, agricultural and industrial effluents are discharged; which lead to the pollution of surface water and groundwater in shallow aquifers [START_REF] Chae | Hydrogeochemistry of alluvial groundwaters in an agricultural area: an implication for groundwater contamination susceptibility[END_REF][START_REF] Négrel | Strontium isotope geochemistry of alluvial groundwater: a tracer for groundwater resources characterisation[END_REF][START_REF] Andrade | Hydrogeochemical controls on shallow alluvial groundwater under agricultural land: case study in central portugal[END_REF]. Many different sources and processes can be responsible for the contaminants (chemical and saline intrusion) polluting the surface and groundwater [START_REF] Mohammed | Investigating the behavior of alluvial systems, thanks to the classical, isotopic and emerging tracers: case study of the alluvial aquifer of the Allier River[END_REF]. Among these sources of anthropogenic pollution of the groundwater, the ones coming from the surface are agriculture, agglomerations, and industries. But other pollution can occur below the surface at greater depths: such as the use of wells, or oil, gas, and mining exploitations.

In the following, we focus our study on the effect of pumping in a case of confined and unconfined aquifers. To that end, we define these two systems; and we summarize the different effects observed in aquifers which lead either to their depletion and/or to their contamination by seawater intrusion. 2021)). A confined aquifer is a layer of aquifer material covered by relatively impermeable material. If the confining layer is incapable of transmitting significant quantities of water under ordinary hydraulic gradients, then it is considered impermeable: it is called an aquiclude. If it is sufficiently permeable to transmit water vertically but not in a horizontal direction, it is called an aquitard. An aquifer bounded by one or two aquitards is called a semi-confined aquifer [START_REF] Negm | Modeling of fertilizer transport through soil, case study: Nile delta. The Nile Delta[END_REF].

Effect of industrial pumping on unconfined aquifer

The vast majority of aquifers are unconfined aquifers (from USGS.gov). Unconfined aquifers are in direct contact with the atmosphere and are therefore not bounded above by an aquitard (Fig. 1.4). The water table called the free surface or phreatic is free to fluctuate vertically. It can be directly recharged by surface infiltration and is generally more vulnerable to contamination. Alluvial aquifers associated with major river valleys are important sources of abundant good quality drinking water [START_REF] Moyce | Alluvial aquifers in the mzingwane catchment: their distribution, properties, current usage and potential expansion[END_REF][START_REF] Menció | Hydrochemical processes in the alluvial aquifer of the gwydir river (northern new south wales, australia)[END_REF]. Alluvial sediments, mainly composed of gravel, sand, silt, or clay deposited in river channels or on floodplains, present advantageous characteristics for exploitation for they are mostly unconfined, shallow and highly permeable. However, due to their shallow and unconfined nature, alluvial aquifers are vulnerable to contamination and pollution from surface activities [START_REF] Lyverse | Assessment of ground-water contamination in the alluvial aquifer near West Point, Kentucky[END_REF][START_REF] Böhlke | Groundwater recharge and agricultural contamination[END_REF][START_REF] Bhattacharya | Distribution and mobility of arsenic in the rio dulce alluvial aquifers in santiago del estero province, argentina[END_REF][START_REF] Mohammed | Investigating the behavior of alluvial systems, thanks to the classical, isotopic and emerging tracers: case study of the alluvial aquifer of the Allier River[END_REF]. The effect of pumping from an unconfined aquifer will only result in a decrease of the water table (Fig.1.5a). 1.1.2.2 Effect of industrial pumping in a case of confined aquifers

The confined aquifers are bounded by aquitard, thus, the pressure inside is greater than atmospheric pressure (Fig. 1.4). The aquifer is less fed by direct infiltration from the surface than unconfined aquifers. It is generally fed laterally, from upstream, where the confining layer is no longer present, i.e. where the water table is free. In confined systems composed of unconsolidated sediments, where impermeable layers bound the aquifer above and below (e.g., California's Great Valley, Las Vegas Basin, Thessaly region, Kyushu Japan), groundwater pumping causes a pressure differential within the reservoir that leads to sediment compaction [START_REF] Alley | Sustainability of ground-water resources[END_REF][START_REF] Salvi | Monitoring long-term ground deformation by sar interferometry: examples from the abruzzi, central italy, and thessaly, greece[END_REF][START_REF] Parcharidis | Seasonal ground deformation monitoring over southern larissa plain (central greece) by sar interferometry[END_REF][START_REF] Foumelis | Episodic ground deformation signals in thessaly plain (greece) revealed by data mining of sar interferometry time series[END_REF][START_REF] Vassilopoulou | Long term and seasonal ground deformation monitoring of larissa plain (central greece) by persistent scattering interferometry[END_REF][START_REF] Sidiropoulos | Reservoir-aquifer combined optimization for groundwater restoration: The case of lake karla watershed, greece[END_REF]Don et al., 2005) (Fig.1.5b). In some regions of the world where large volumes of groundwater have been pumped from a confined aquifer, there has been significant compaction of geologic formations, often revealed as subsidence of the land surface. [START_REF] Poland | United states geological survey website in oct[END_REF]. Signs on the pole show the approximate altitudes of the land surface in 1925, 1955, and 1977. The site is in the San Joaquin Valley southwest of Mendota, California; b) Volume of water withdrawn and volume of subsidence over an approximately 2,000 square kilometer area from 1925 to 1977 [START_REF] Galloway | Land subsidence in the United States[END_REF]; c) Schematic of the valley before pumping, showing an arrangement of fine -grain particles in clayey lenses (adapted from [START_REF] Sneed | Land subsidence along the california aqueduct in west-central san joaquin valley, california, 2003-10[END_REF]); and, d) Schematic of the valley after long -term pumping, showing tight packing of grains in clay lenses after reduction of water pressure due to pumping (adapted from [START_REF] Sneed | Land subsidence along the california aqueduct in west-central san joaquin valley, california, 2003-10[END_REF]).

An example is shown for the Central Valley of California where decades of groundwater pumping to irrigate water-intensive crops in the hot and dry summers caused the valley floor to sink as much as 10 meters from 1925 to 1977 as shown in Figure 1.6a. Such sinking of the land due to the release of groundwater pressure in confined aquifers has occurred not only in the western United States but also in other locations, notably in Mexico City, Mexico; Jakarta, Indonesia; Venice, Italy; and Beijing, China [START_REF] Poeter | Graphical construction of groundwater flow nets. the groundwater project, guelph, ontario, canada[END_REF](Supplementary section S1). When subsidence occurs near coasts, it accelerates local saltwater intrusion into coastal aquifers [START_REF] Daskalaki | Groundwater quality of porous aquifers in greece: a synoptic review[END_REF][START_REF] Poeter | Graphical construction of groundwater flow nets. the groundwater project, guelph, ontario, canada[END_REF][START_REF] Unesco | The united nations world water development report 2022: Groundwater: Making the invisible visible[END_REF]FAO, 2021). When the pumping rate is reduced such that aquifer levels no longer decline, the land stops subsiding. However, if further reduction in pumping occurs so that aquifer water levels rise, the subsidence is not fully reversed (the land surface does not retrieve its initial level) because the clay grains cannot return to their prior arrangement as shown in Fig. 1.6c and d [START_REF] Poeter | Graphical construction of groundwater flow nets. the groundwater project, guelph, ontario, canada[END_REF]. In addition, subsidence caused by pumping in a confined aquifer leads to the development of faults that damage and weaken the infrastructures. An overview, focused on the Mediterranean basin, highlights both the general importance of groundwater as a vital resource for Mediterranean populations and the natural environment and the diversity of available groundwater and its use. The water resources of all the countries and territories bordering the Mediterranean are estimated at 1,080 km 3 /year, i.e. less than 3% of the world's resources for more than 7% of the world's population [START_REF] Planbleu | Les perspectives du plan bleu sur le développement durable en méditerranée[END_REF]. However, the difference in climate between the countries of the North and South, as well as the different aquifers and systems of accessibility and exploitation of the latter, lead to an unequal distribution of water resources. Half of the Mediterranean water resources are located in Italy and Greece and 25% in catchments are located in France and Turkey [START_REF] Milano | Current state of mediterranean water resources and future trends under climatic and anthropogenic changes[END_REF]. Indeed, subterranean drainage in the Mediterranean countries is about 300 billion m 3 on average per year, of which 71% in the North (in Europe), 24% in the Middle East and only 5% in the South, in the African countries [START_REF] Med-Euwi | Mediterranean groundwater report: Technical report on groundwater management in the mediterranean and the water framework directive[END_REF].

The complex and highly compartmentalized geological structure of the Mediterranean Basin has created spatially reduced aquifer systems with the exception of the Southeast African platform (Fig. 1.7). Among these aquifers, we distinguish 3 types with different characteristics:

1) Karst carbonate aquifers; which are present almost everywhere in the Mediterranean basin (Fig. 1.7). They represent reservoirs whose volume and flow are irregular because they are fed mainly by surface drainage, i.e. they are subject to variations in rainfall, but also to industrial pumping or temperature fluctuations. Their contamination is mainly linked to the intrusion of saline water in the case of coastal karstic aquifers.

2) The alluvial aquifers, located in the valleys and deltas of the main rivers, are closely linked and often hydraulically connected to the rivers. The most extensive are those of the Po Plain in Italy and the Nile Delta in Egypt, which contain deep and confined water layers. Easily accessible, they are the most exploited type of aquifer. Their overexploitation leads either to their contamination by agricultural pollutants and to the subsidence of the surface (in the case of pumping in confined aquifers). The effects of climate change will particularly affect these types of aquifers by increasing the temperature and thus evapotranspiration, reducing the amount of water available to recharge these aquifers.

3) Aquifers of sedimentary formations, often detrital, are located either in the coastal plains in contact with the sea, or in large basins in the southeast (Libya, Egypt), and especially outside the Mediterranean basin in the Saharan region. These deep aquifers contain large quantities of water but are for the most part non-renewable ("fossil waters"). They are relatively independent of surface water and largely endorheic.

1.1.3.2 Current state of water resources and future trend under climatic and anthropogenic changes 1.1.3.2.1 Climate along the Mediterranean and its evolution

The Mediterranean climate is characterized by mild and wet winters (January-February-March), with, from south to north, average temperatures ranging from 15 to 3°C and precipitation ranging from 50 to 250 mm, but reaching more than 500 mm in the mountainous areas. In contrast, the summer season (July-August-September) is hot and dry with average temperatures ranging from 40 to 20°C (from south to north) and precipitation ranging from 10 mm in the southern and eastern shores (Algeria, Tunisia, Lybia, Egypt) to 100 mm in the northern catchments (mountainous area in Greece, Italy and France) [START_REF] Bolle | Mediterranean climate: variability and trends[END_REF][START_REF] Mitchell | An improved method of constructing a database of monthly climate observations and associated high-resolution grids[END_REF][START_REF] Milano | Current state of mediterranean water resources and future trends under climatic and anthropogenic changes[END_REF].

Since the late 1970s, mean annual temperatures have tended to increase by 0.1°C/decade and precipitation to decrease by 25 mm/decade [START_REF] Xoplaki | Wet season mediterranean precipitation variability: influence of large-scale dynamics and trends[END_REF]. Warmer temperatures were recorded in summer over the entire Mediterranean rim in summer, while warming is only visible in winter in the northern part of the Mediterranean [START_REF] Giorgi | Variability and trends of sub-continental scale surface climate in the twentieth century. part i: observations[END_REF][START_REF] Knippertz | Long-term precipitation variability in morocco and the link to the large-scale circulation in recent and future climates[END_REF][START_REF] Xoplaki | Mediterranean summer temperature and winter precipitation, large-scale dynamics, trends[END_REF][START_REF] Brunetti | Variations of temperature and precipitation in italy from 1866 to 1995[END_REF][START_REF] Folland | Observed climate variability and change[END_REF]. Furthermore, precipitation variability has been experiencing a pronounced dry period, temporarily compensated by a few wet years [START_REF] Brunetti | Variations of temperature and precipitation in italy from 1866 to 1995[END_REF][START_REF] Dünkeloh | Circulation dynamics of mediterranean precipitation variability 1948-98[END_REF][START_REF] Xoplaki | Wet season mediterranean precipitation variability: influence of large-scale dynamics and trends[END_REF][START_REF] Türkeş | Spatial and temporal analysis of annual rainfall variations in turkey[END_REF]. From 1951 to 2000, average winter precipitation shows a negative trend over the entire area [START_REF] Mitchell | An improved method of constructing a database of monthly climate observations and associated high-resolution grids[END_REF], while no particular trend is identified for average summer precipitation [START_REF] Milano | Current state of mediterranean water resources and future trends under climatic and anthropogenic changes[END_REF].

Temperatures are projected to increase by 2-3°C and annual precipitation to decrease by an average of 30% by 2050 [START_REF] Ipcc | The physical science basis. contribution of working group i to the fourth assessment report of the intergovernmental panel on climate change[END_REF]. The combination of increasing temperatures and decreasing precipitation is expected to cause more intense and frequent drought periods and induce a net decrease in freshwater availability.

1.1.3.2.2 Water demand: increase of tourism and agriculture [START_REF] Abis | Les dynamiques démographiques en méditerranée[END_REF]; [START_REF] Bellot | Human impacts on land cover and water balances in a coastal mediterranean county[END_REF] and [START_REF] Milano | Current state of mediterranean water resources and future trends under climatic and anthropogenic changes[END_REF] examined future land management and its influence on water resources, showing that the Mediterranean valleys and coastal areas are expected to undergo strong urban expansion, mainly due to population concentration and the development of tourist resorts and industrial activity.

Indeed, over the period 1960-2020, the population of the Mediterranean Basin increased by more than 280 million inhabitants (from 239 million to 522 million) and would reach 635 million inhabitants in 2050 (average variant, i.e. 22% more than 2020) [START_REF] Anastasiou | Tendances et perspectives démographiques en méditerranée[END_REF]. Furthermore, according to the World Tourism Organization [START_REF] Trends | World overview & tourism topics[END_REF], about 365 million tourists visited the Mediterranean basin in 2000, and this number is expected to at least double by 2050. Yet, the increase in population will also lead to agricultural intensification with the construction of reservoirs and canals, and the overexploitation of groundwater resources [START_REF] Tanrivermis | Agricultural land use change and sustainable use of land resources in the mediterranean region of turkey[END_REF][START_REF] Giannakopoulos | Climatic changes and associated impacts in the mediterranean resulting from a 2 c global warming[END_REF][START_REF] García-Ruiz | Mediterranean water resources in a global change scenario[END_REF] which is already critical. Indeed, irrigation now accounts for between 50 and 90% of total water demand in the Mediterranean (PlanBleu, 2009) which has led to critical declines in groundwater levels of up to several meters in a few decades (as the Gran Canaria aquifer -100m in 30y or Western Thessaly aquifer -50m in 20y [START_REF] Custodio | Groundwater intensive exploitation and mining in gran canaria and tenerife, canary islands, spain: Hydrogeological, environmental, economic and social aspects[END_REF][START_REF] Daskalaki | Groundwater quality of porous aquifers in greece: a synoptic review[END_REF]). ). The water stress index is a ratio between annual water withdrawals and annual renewable water resources [START_REF] Shiklomanov | The world's water resources[END_REF]. In southern Spain, Tunisia, Libya and the southeastern Mediterranean (Syria, Lebanon, Israel and the Palestinian Territories) non-renewable groundwater resources are often used to supplement surface water resources. The wa-tersheds of northern Italy, western Greece and the Ebro in Spain are under moderate water stress, while the watersheds of France and the Balkans do not appear to be under stress. However, these figures were made without taking into account water withdrawals for industrial purposes; the anthropogenic influence on water resources in these countries could therefore be higher than illustrated (less than 2km 3 /year within each Mediterranean catchment, except in Spain, France and Italy, where they amount to 4.2, 13.2 and 14km 3 /year, respectively [START_REF] Margat | Blue plan."l'eau des mediterraneens: situation et perspectives[END_REF]).

Finally, the current state of the water stress index is compared to a business-as-usual scenario by 2050 (Fig. 1.8b): the assumption that current trends in population, economy, technology continue and irrigated plots are maintained at their current level [START_REF] Alcamo | Development and testing of the watergap 2 global model of water use and availability[END_REF]. The results obtained show that the water stress situation in the Mediterranean basin could deteriorate considerably. The entire Mediterranean basin is expected to be under high to severe water stress, with the exception of some catchments on the northern shore, notably in France and the Balkans.

In the rest of this study, we propose to take a closer look at two countries with a deteriorating water stress index over years: Greece and Italy [START_REF] Milano | Current state of mediterranean water resources and future trends under climatic and anthropogenic changes[END_REF].

Water resources in Greece and Italy: seawater intrusion and depletion of aquifers

Aquifers are mostly fed by direct inflow from the surface (except for confined aquifers). By surface infiltration, we think naturally of rivers and by extension to precipitation. Figure 1.9 shows the annual average precipitation in Greece (a) and Italy (b). The precipitation data were averaged after being collected at 494 weather stations in Greece over a period of 12 years (2010)(2011)(2012)(2013)(2014)(2015)(2016)(2017)(2018)(2019)(2020)(2021). In Italy, data from meteorological stations are not available, thus, we have averaged the satellite precipitation data for a period of 6 years (2016)(2017)(2018)(2019)(2020)(2021). Figure 1.9a presents the results obtained at the scale of Greece with precipitations varying from 400 mm/year in the east to 1500 mm/year in the west. In Italy, (Fig. 1.9b) the maximum rainfall follows the Apennines reaching 900mm/y on average. The results indicate that the average precipitation per year at the scale of the two countries is spatially heterogeneous. These two maps indicate that the natural disparity in annual precipitation is also contributing unevenly in the recharge of the aquifers. However, climate change, which foresees an increase in temperatures and therefore in evaporation in the Mediterranean basin, will further accentuate the disparities in aquifer recharge. An increase in droughts and their intensity is also expected in the coming years, as a consequence of global warming. Yet, the effects of industrial and agricultural pumping in Greece and Italy particularly affect the quantity and quality of water. In addition, groundwater recharge shows a decreasing trend, leading to a decline in fresh groundwater resources [START_REF] Teatini | Groundwater pumping and land subsidence in the emilia-romagna coastland, italy: Modeling the past occurrence and the future trend[END_REF][START_REF] Daskalaki | Groundwater quality of porous aquifers in greece: a synoptic review[END_REF].

Indeed, Greece is presently ranked 26th in the world among the countries most affected by water stress [START_REF] Heggie | Preventing a water crisis in greece, national geographic[END_REF]. Its freshwater supply depends mainly on groundwater, with over 300.000 wells throughout the country [START_REF] Daskalaki | Groundwater quality of porous aquifers in greece: a synoptic review[END_REF]. Intense urbanization, the development of tourism (+20 million between 2006 and 2019; according to Eurostat), and the expansion of agricultural land attend to intensive exploitation of water resources, especially from April to October, which are the most critical months. Currently, agriculture represents the main demand for water and covers about 86% of the total water consumption [START_REF] Daskalaki | Groundwater quality of porous aquifers in greece: a synoptic review[END_REF][START_REF] Mimikou | Water resources in greece: present and future[END_REF]. In Italy, overpumping in coastal areas has caused major problems in urban and industrial zones, such as the metropolitan areas of Venice-Marghera and Ravenna (North Italy), where, in order to meet industrial and municipal water demand, the local multi-layered alluvial aquifer systems have been so severely depleted that their piezometric surface has been lowered by several hundred meters [START_REF] Barrocu | Seawater intrusion in coastal aquifers of italy. State of seawater intrusion in coastal aquifers of the Mediterranean Coast[END_REF]. This has led to the progressive intrusion of salt water, which is now at varying depths in different areas, and to local land subsidence, to the extent that Venice and Ravenna are now threatened by flooding from the sea [START_REF] Gatto | The lagoon of venice: natural environmental trend and man-induced modification/la lagune de venise: l'évolution naturelle et les modifications humaines[END_REF][START_REF] Carbognin | Analysis of actual land subsidence in venice and its hinterland (italy)[END_REF][START_REF] Martinelli | Geochemistry of heavily exploited aquifers in the emilia-romagna region (po valley, northern italy)[END_REF].

Nonetheless, these areas of northern Italy are not the only ones contaminated: Tuscany, Campania, Calabria, Sicily and Sardinia are also affected [START_REF] Corniello | Salt water intrusion in the ischia island (southern italy)[END_REF]. In the last forty years, the increase in population in coastal areas has exacerbated saltwater intrusion, especially during the dry Mediterranean summers, when the tourist population and the demand for agricultural water reach their maximum. Recently, during the summer 2022, the combination of heat, lack of precipitation, and a significant decrease in winter snow caused the worst drought in seven decades in Italy (Van Unen, 2022).

Thus, due to population growth, urbanization of the coasts and the tourist attraction of the coastal regions, a significant deterioration of the soil and an increase in water demand could occur. This raises the question of whether future water needs can be met in this region already affected by climate and anthropogenic changes. Finally, monitoring aquifers and determining the evolution of water resources has become crucial from a societal, economic, and ecological perspective. In the following section, we list the different techniques that allow us to monitor the evolution of aquifers over time.

How to monitor aquifers?

Monitoring aquifers is crucial for managing water resources on a global scale and determining their evolution. However, they are not systematically monitored and measurements are often incomplete [START_REF] Wada | Global depletion of groundwater resources[END_REF], especially in the context of climate change [START_REF] Taylor | Ground water and climate change[END_REF]. We propose in this section, a review of the different methods to track the evolution of aquifers. Aquifers can be monitored in three main ways [START_REF] Masood | An overview of groundwater monitoring through point-to satellite-based techniques[END_REF]. First, groundwater levels can be assessed using point measurements of water levels in boreholes and physical investigation techniques. Secondly, by modeling aquifers, using punctual measurement to constraint the numerical simulation. This technique is a useful tool for assessing and projecting the evolution of groundwater resources. Thirdly, by measuring the surface deformation using either satellite data or GPS. This provides robust and cost-effective real-time monitoring to assess groundwater storage variations.

Punctual measurement of groundwater level

Point measurements of water surface level are the most common and widely used observations for groundwater monitoring. Hydraulic head, or piezometric head, is a measure of the pressure of a liquid above a vertical reference point. It is commonly measured as the elevation of the liquid surface, expressed in units of length, at the inlet (or bottom) of a piezometer. In an aquifer, it can be determined from the depth of water in a piezometer well and information about the elevation of the piezometer and the depth of the well screen [START_REF] Bear | Dynamics of fluids in porous media[END_REF].

These measurements provide direct measurements of water levels in the aquifer, but are dependent on borehole location. Thus, these measurements are generally spatially limited.

In addition, hydraulic head surveys are infrequent in time with a measurement every two to three months in most cases, which does not provide a very accurate measure of the evolution of aquifer systems.

Other methods with a high spatial resolution that exploit the electrical and/or magnetic properties of near-surface materials are also used in hydrological studies. These include induced polarization, self-potential, electromagnetic induction, and ground penetrating radar [START_REF] Louis | The contribution of geophysical methods in the determination of aquifer parameters: the case of mornos river delta, greece[END_REF][START_REF] Binley | Examination of solute transport in an undisturbed soil column using electrical resistance tomography[END_REF][START_REF] Huisman | Measuring soil water content with ground penetrating radar: A review[END_REF][START_REF] Koestel | Quantitative imaging of solute transport in an unsaturated and undisturbed soil monolith with 3-d ert and tdr[END_REF][START_REF] Knight | Mapping aquifer systems with airborne electromagnetics in the central valley of california[END_REF].

Seismic methods are also commonly used at various scales, but remain primarily confined to characterizing aquifer geometry [START_REF] Pasquet | Detecting different water table levels in a shallow aquifer with combined p-, surface and sh-wave surveys: Insights from vp/vs or poisson's ratios[END_REF]. Using dense acquisition facilities, seismic reflection produces detailed images of the subsurface with wavelengthdependent resolution [START_REF] Haeni | Application of continuous seismic reflection methods to hydrologic studies[END_REF][START_REF] Juhlin | High-resolution reflection seismics applied to detection of groundwater resources in glacial deposits, sweden[END_REF][START_REF] Bradford | Depth characterization of shallow aquifers with seismic reflection, part ii-prestack depth migration and field examples[END_REF][START_REF] Haines | Hydrogeologic structure underlying a recharge pond delineated with shear-wave seismic reflection and cone penetrometer data[END_REF][START_REF] Kaiser | Ultrahighresolution seismic reflection imaging of the alpine fault, new zealand[END_REF]. These images are commonly used to describe stratigraphy in the presence of strong impedance contrasts, but do not distinguish variations in a specific property [START_REF] Pride | Relationships between seismic and hydrological properties[END_REF][START_REF] Hubbard | Hydrogeophysics[END_REF]. However, from these images, hydrogeologists are able to recover the geometry of aquifer systems and assign lithology to the different layers using borehole data [START_REF] Paillet | Integrating surface geophysics, well logs and hydraulic test data in the characterization of heterogeneous aquifers[END_REF][START_REF] Guérin | Borehole and surface-based hydrogeophysics[END_REF].

Surface seismic refraction, on the other hand, provides records from which it is possible to extract the propagation velocities of seismic body waves. This method has the advantage of being relatively inexpensive and quick to implement, and is easily achieved with 1D to 3D coverage [START_REF] Galibert | Seismic study of the lowpermeability volume in southern france karst systems[END_REF]. It is frequently chosen to determine the depth to the water table [START_REF] Wallace | Some limitations of seismic refraction methods in geohydrological surveys of deep alluvial basins a[END_REF][START_REF] Haeni | Application of seismic-refraction techniques to hydrologic studies[END_REF][START_REF] Paillet | Integrating surface geophysics, well logs and hydraulic test data in the characterization of heterogeneous aquifers[END_REF]. In addition, the joint study of the compressional wave velocities V p and shear wave velocities V s as well as the evolution of the V p/V s ratio allow to characterize the presence of fluid at depth [START_REF] Biot | Theory of propagation of elastic waves in a fluid-saturated porous solid. ii. higher frequency range[END_REF][START_REF] Castagna | Relationships between compressional-wave and shear-wave velocities in clastic silicate rocks[END_REF][START_REF] Bates | Studies in p-wave and s-wave seismics[END_REF][START_REF] Bachrach | High-resolution shallow-seismic experiments in sand, part i: Water table, fluid flow, and saturation[END_REF].

These types of geophysical studies allow for highly detailed mapping of groundwater systems, but they are usually expensive to perform and often limited to static imagery at the local scale.

Numerical modeling for groundwater estimation

The measurement of water levels at several places ultimately allows the construction of the elevation model of the water [START_REF] Chen | A conceptual framework for integration development of gsflow model: Concerns and issues identified and addressed for model development efficiency[END_REF][START_REF] Kumar | An overview of commonly used groundwater modelling software[END_REF]). Thanks to this technique, many fields are being explored like the aquifer thermal energy storage [START_REF] Kim | Numerical modeling of aquifer thermal energy storage system[END_REF], the effect of saline water intrusion due to pumping in a confined and unconfined aquifer [START_REF] Abudawia | Analyse numérique d'une approximation élément fini pour un modèle d'intrusion saline dans les aquifères côtiers[END_REF], or the modeling of groundwater pollution [START_REF] Pérez-Indoval | Numerical modeling of groundwater pollution by chlorpyrifos, bromacil and terbuthylazine. application to the buñol-cheste aquifer (spain)[END_REF].

Groundwater monitoring from surface deformation and gravity measurement

In recent years, the monitoring of aquifers through the use of satellite data has developed, in particular with the GRACE (Gravity Recovery and Climate Experiment) mission. By observing changes in the Earth's gravity field, it is possible to estimate changes in the amount of water stored in a region. It can be used to estimate large-scale storage changes (such as California Valley and the northwest aquifer in India), but its low spatial (100 km) and temporal (monthly) resolution does not allow monitoring of smaller aquifers [START_REF] Rodell | Satellite-based estimates of groundwater depletion in india[END_REF][START_REF] Famiglietti | Satellites measure recent rates of groundwater depletion in california's central valley[END_REF].

Another method is to study volume changes of subsurface aquifers using surface deformation measured by GPS and InSAR (Interferometric Aperture Radar). [START_REF] Overacker | Vertical land motion of the high plains aquifer region of the united states: Effect of aquifer confinement style, climate variability, and anthropogenic activity[END_REF] shows that the fluctuations of the vertical surface displacement measured by GPS provide useful information on the aquifer system. Indeed, in the case of an unconfined aquifer, the vertical displacement of the GPS shows variations anti-correlated with the fluctuations of groundwater level. Thus, in unconfined aquifers, a decrease in the amount of groundwater, for instance, induced by anthropological pumping or evapotranspiration, induces a mass discharge that causes an uplift of the surface.

For example, we show in Figure1.11 the evolution of the GPS vertical measurement compared to the fluctuations of the precipitations in a case of an unconfined aquifer at Mormanno, in the south of Italy. This area is characterized by the presence of a karstic unconfined aquifer and we suppose that the aquifer is fed vertically by the precipitation. Figure 1.11c shows the fluctuations of the precipitations with a 2-month average (brown line), while Figure 1.11d indicates the variations of the vertical GPS located right above the aquifer. Both measurements exhibit an annual cycle. The maximum precipitations occur in winter and the minimum in summer. On the other hand, the vertical displacement of the GPS exhibits a maximum in summer and a minimum in winter. These observations indicate indeed, that the decrease in the amount of water inside the aquifer is correlated with an uplift of the surface. In a case of a confined aquifer made of unconsolidated sediments and bounded by impermeable layers, an increase in the amount of water will lead to an uplift of the surface. On the contrary, groundwater pumping causes a decrease of water pressure in the reservoir that results in sediment compaction [START_REF] Alley | Sustainability of ground-water resources[END_REF][START_REF] Salvi | Monitoring long-term ground deformation by sar interferometry: examples from the abruzzi, central italy, and thessaly, greece[END_REF][START_REF] Parcharidis | Seasonal ground deformation monitoring over southern larissa plain (central greece) by sar interferometry[END_REF]. This can results in a surface subsidence [START_REF] Faunt | Water availability and land subsidence in the central valley, california, usa[END_REF][START_REF] Galloway | Land subsidence in the United States[END_REF][START_REF] Bettinelli | Seasonal variations of seismicity and geodetic strain in the himalaya induced by surface hydrology[END_REF][START_REF] Overacker | Vertical land motion of the high plains aquifer region of the united states: Effect of aquifer confinement style, climate variability, and anthropogenic activity[END_REF]. In figure 1.12, we compare directly the vertical GPS displacement (2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016)(2017)(2018)(2019)(2020)(2021)(2022) with the hydraulic heads which register the groundwater level inside the aquifer (2017-2019) for a confined aquifer in the city of Parma in the north of Italy [START_REF] Martinelli | Nitrate sources, accumulation and reduction in groundwater from northern italy: Insights provided by a nitrate and boron isotopic database[END_REF][START_REF] Orecchia | Geochemical characterization of groundwater in the confined and unconfined aquifers of the northern italy[END_REF]. Finally, GPS and InSAR measure surface deformation with high temporal and spatial resolution and give precious information on the aquifer's dynamic. Nonetheless, they cannot detect processes that do not affect the surface nor constrain the depth of perturbations [START_REF] Riel | Quantifying ground deformation in the los angeles and santa ana coastal basins due to groundwater withdrawal[END_REF][START_REF] Amos | Uplift and seismicity driven by groundwater depletion in central california[END_REF][START_REF] Chen | Global water vapor variability and trend from the latest 36 year (1979 to 2014) data of ecmwf and ncep reanalyses, radiosonde, gps, and microwave satellite[END_REF][START_REF] Ji | Correlation between changes in groundwater levels and surface deformation from gps measurements in the san gabriel valley, california[END_REF][START_REF] Bawden | Tectonic contraction across los angeles after removal of groundwater pumping effects[END_REF][START_REF] Lanari | Satellite radar interferometry time series analysis of surface deformation for los angeles, california[END_REF][START_REF] Borsa | Ongoing drought-induced uplift in the western united states[END_REF][START_REF] Argus | Seasonal variation in total water storage in california inferred from gps observations of vertical land motion[END_REF][START_REF] Mao | Space-time monitoring of groundwater fluctuations with passive seismic interferometry[END_REF].

As we will see in section 1.3.2.2, the use of seismic noise allows us to study the evolution of aquifers in a complementary way to other methods. Indeed, the velocity of the seismic waves allows to make in-situ and integrated measurements in a volume.

In the last section of this chapter, we introduce the concepts related to seismology and to monitoring techniques.

Seismic waves velocity to image and monitor the Earth's structure

Determining the internal structure of the Earth and its evolution over time has been a major challenge in geophysics in recent decades. The Earth's interior is made of materials whose density, structure and temperature vary over time. The seismic wave velocity is determined by the elastic moduli and bulk density of the materials in the Earth's crust. Therefore, when perturbations occur in the crustal environment, changes in elastic moduli or bulk density result in changes in seismic velocity. Thus, the dynamic of the crust can be monitored by tracking the relative changes in seismic wave propagation velocity, or δv/v, as a function of time and space. As an indicator of elastic moduli and bulk density, δv/v essentially reflects perturbations in the mechanical state of the crustal materials. These perturbations can be due to changes in the stress field, fluid content, and rock damage for instance.

We propose in this section, a state-of-the-art on noise correlations, imaging and monitoring techniques. To do so, we first introduce the Green's function and its reconstruction from diffuse fields before discussing the applications of seismic noise correlations and more particularly studies related to the hydrological cycle.

Reconstruction of the Green's function from noise correlations

The Green's function is the elastic response of the medium to an impulse excitation between two points. It provides the velocity and attenuation of waves propagating between these two points for each period.

Several studies have shown that under certain assumptions, it is possible to retrieve the Green function between two points by correlating noise records [START_REF] Weaver | Ultrasonics without a source: Thermal fluctuation correlations at mhz frequencies[END_REF][START_REF] Snieder | Extracting the green's function from the correlation of coda waves: A derivation based on stationary phase[END_REF][START_REF] Roux | Ambient noise cross correlation in free space: Theoretical approach[END_REF][START_REF] Campillo | Long-range correlations in the diffuse seismic coda[END_REF][START_REF] Shapiro | Emergence of broadband rayleigh waves from correlations of the ambient seismic noise[END_REF].

In particular, Sánchez-Sesma and [START_REF] Campillo | Phase and correlation in random seismic fields and the reconstruction of the green function[END_REF] have established that for retrieving the Green's function with inter-correlation measurement, the wavefield must be equipartitioned. The equipartition of energy during the propagation of seismic waves implies that the energy associated with the wave types which propagate a medium is in a state of equilibrium. This can be achieved in two ways: a) the primary noise sources are randomly distributed spatially in the medium, b) the sources are localized, but the medium is heterogeneous, with scatterers acting as secondary sources. The second criteria would mean that it is possible to use the scattered wave field of the coda to reconstruct the Green's function [START_REF] Campillo | Long-range correlations in the diffuse seismic coda[END_REF][START_REF] Stehly | Reconstructing green's function by correlation of the coda of the correlation (c3) of ambient seismic noise[END_REF][START_REF] Hadziioannou | Ondes sismiques en milieu complexe: Mesure des variations temporelles des vitesses[END_REF][START_REF] Pedersen | Influence of the seismic noise characteristics on noise correlations in the baltic shield[END_REF].

Coda wave interferometry

The coda corresponds to scattered waves that constitute the last part of a seismogram. As the Earth is not a homogeneous medium, some of the waves initially emitted by the source are reflected, refracted and scattered when they encounter heterogeneities in the Earth's crust. Each time the wave is scattered by an heterogeneity, its direction of propagation, phase and amplitude change. The resultant of all these interactions creates a scattered wave field which tends to equipartition at long lapse time. The strong scattering that generates these waves causes them to repeatedly sample a limited region of space: thus, these multiply-scattered waves are extremely sensitive to small changes in the medium [START_REF] Snieder | The theory of coda wave interferometry[END_REF].

Hence, coda waves can be used to measure small changes in velocity in the Earth's crust and have been exploited to estimate velocity changes in fault zones [START_REF] Poupinet | Monitoring velocity variations in the crust using earthquake doublets: An application to the calaveras fault, california[END_REF], in volcanoes [START_REF] Ratdomopurbo | Monitoring a temporal change of seismic velocity in a volcano: Application to the 1992 eruption of mt. merapi (indonesia)[END_REF][START_REF] Snieder | Coda wave interferometry for estimating nonlinear behavior in seismic velocity[END_REF] or in ultrasound experiments [START_REF] Snieder | Coda wave interferometry for estimating nonlinear behavior in seismic velocity[END_REF][START_REF] Grêt | Time-lapse monitoring of rock properties with coda wave interferometry[END_REF]. However, using coda waves from earthquakes to monitor velocity changes requires to have similar earthquakes over time, a condition which is rarely met.

Ambient seismic noise

Ambient seismic noise is a permanent vibration of the ground that is recorded by seismometers. A number of studies have been done in the past [START_REF] Friedrich | Ocean-generated microseismic noise located with the gräfenberg array[END_REF][START_REF] Stehly | A study of the seismic noise from its long-range correlation properties[END_REF][START_REF] Shapiro | Emergence of broadband rayleigh waves from correlations of the ambient seismic noise[END_REF][START_REF] Sabra | Surface wave tomography from microseisms in southern california[END_REF][START_REF] Brenguier | Postseismic relaxation along the san andreas fault at parkfield from continuous seismological observations[END_REF][START_REF] Zaccarelli | Variations of crustal elastic properties during the 2009 l'aquila earthquake inferred from crosscorrelations of ambient seismic noise[END_REF][START_REF] Wang | Evidence of changes of seismic properties in the entire crust beneath japan after the m w 9.0, 2011 tohoku-oki earthquake[END_REF][START_REF] Mao | Space-time monitoring of groundwater fluctuations with passive seismic interferometry[END_REF][START_REF] Poli | Seasonal and coseismic velocity variation in the region of l'aquila from single station measurements and implications for crustal rheology[END_REF] in an attempt to characterize the ambient seismic noise wavefield. The origin of this seismic noise is diverse and distinct for low and high frequencies. For lower periods (f < 1s), noise comes mostly from human activities with daily and weekly variations. Whereas for higher periods (f > 1s), noise is mainly due to natural causes like the interaction of the oceanic swell with the solid Earth and atmospheric turbulence in storm areas [START_REF] Toksöz | Microseisms: Mode structure and sources[END_REF][START_REF] Ekström | Time domain analysis of earth's long-period background seismic radiation[END_REF][START_REF] Landès | Origin of deep ocean microseisms by using teleseismic body waves[END_REF][START_REF] Boué | Teleseismic correlations of ambient seismic noise for deep global imaging of the earth[END_REF][START_REF] Gualtieri | Modelling the ocean site effect on seismic noise body waves[END_REF][START_REF] Wang | Evidence of changes of seismic properties in the entire crust beneath japan after the m w 9.0, 2011 tohoku-oki earthquake[END_REF].

In the 1-20s period band, ambient noise is often referred as microseisms, which are not produced by earthquakes or explosions. Microseisms can occur when the energy generated by atmospheric perturbations is converted into ocean wave energy, which then transmits some of this energy to the ocean floor or coast. The elastic waves then travel through the earth's crust and can be recorded.

Physically, the ambient seismic noise consists mainly of the fundamental mode of surface waves, with Rayleigh waves dominating [START_REF] Toksöz | Microseisms: Mode structure and sources[END_REF]. The spectra of microseisms contain two prominent energy peaks around 14 s and 7 s period, which are called primary and secondary microseismic peaks respectively. The primary peak results from a direct interaction between the swell and the sea floor in shallow water [START_REF] Hasselmann | A statistical analysis of the generation of microseisms[END_REF].

The sources are expected to be in shallow water, as the penetration of gravity waves is limited at this period [START_REF] Friedrich | Ocean-generated microseismic noise located with the gräfenberg array[END_REF]. The interaction between gravity waves and the seafloor can produce Rayleigh and Love waves. The latter requires horizontal forces that arise from the interaction between propagating ocean waves and the seafloor topography [START_REF] Saito | Love-wave excitation due to the interaction between a propagating ocean wave and the sea-bottom topography[END_REF]. As for the secondary microseismic peak, [START_REF] Longuet-Higgins | A theory of the origin of microseisms[END_REF] suggests that it arises from surface pressure oscillations caused by the interaction between countermoving components of the same frequency in the ocean wave spectrum. Such interactions can be acquired in both coastal and deep waters [START_REF] Longuet-Higgins | A theory of the origin of microseisms[END_REF][START_REF] Hasselmann | A statistical analysis of the generation of microseisms[END_REF][START_REF] Ardhuin | Noise generation in the solid earth, oceans and atmosphere, from nonlinear interacting surface gravity waves in finite depth[END_REF][START_REF] Hillers | Global oceanic microseism sources as seen by seismic arrays and predicted by wave action models[END_REF].

Time reversal and cross-correlation function

The analogy of cross-correlation with time reversal (Derode et al., 2003a,b) is based on the spatial reciprocity and time reversal invariance theorem [START_REF] Fink | Time reversal of ultrasonic fields. i. basic principles[END_REF]. Spatial reciprocity describes the principle that a signal received at point B from a source in A is identical to a signal received at point A from a source in B, regardless of the complexity of the environment. This means that swapping the source and receiver does not change the shape of the received signal.

In this section we considered two experiences to demonstrate that the inter-correlation of seismic noise results in the Green's function. In a first part, we demonstrate that considering a unique source, the time reversal theory and the cross-correlation are equivalent.

Then, we show that considering a continuous distribution of sources, it is possible from the time reversal theory to reconstruct the Green's function. From this, we can deduce that the demonstration is also true for the cross-correlation. t) . The displacement recorded by the two stations A and B (eq. 1.1) corresponds to the convolution between the emitted signal and the impulse response of the medium, i.e the Green's function, between the source and the receivers noted respectively h AC and h BC .

S A (t) = e (t) ⊗ h AC (t) S B (t) = e (t) ⊗ h BC (t) (1.1)
The correlation between the two signals received at A and B can be written as :

C AB (τ ) = S A (t) ⊗ S B (-t) C AB (τ ) = h AC (t) ⊗ h BC (-t) ⊗ f (t) (1.2)
with τ the correlation time and f (t) = e (t) ⊗ e (-t) which only depends of the source. The parameters which control the wave propagation are constant over time, thus, the wave propagation is reciprocal in space. Meaning that we can write h BC (t) = h CB (t) and the correlation becomes:

C AB (τ ) = h AC (t) ⊗ h CB (-t) ⊗ f (t) (1.3)
If the source is a Dirac (or a white noise) then the expression is simplified to :

C AB (τ ) = h AC (t) ⊗ h CB (-t) (1.4)
The second experiment is called the time-reversal experiment (Fig. 1.13b). In that case, B is the source emitting the signal, which is registered by C, h CB (t). Before being recorded to A, the signal is reversed in C as h CB (-t). Finally, A registers the following signal :

S A (t) = h CB (-t) ⊗ h AC (t) (1.5)
and the time-reversal expression is the same as the correlation function shown in equation 1.4.

Now, that we have shown that the time reversal simulation is equivalent to the crosscorrelation, the second step of the demonstration is to show that in case of a continuous distribution of white noise source, the time reversal converges towards the Green's function. The last demonstration consists to repeat the time-reversal simulation but with a continuous distribution of sources (C i ) located around A and B which will time reverse the signal recorded once emitted by A. Station B records the signal h AB (t) which corresponds to the researched Green's function. All the points C i re-transmit the reverse signal h AC i (-t), and the field will refocus on A, creating a punctual source. In this way, the Green's function is reconstructed. Finally, the time reversal experience corresponds to the sum of the causal and acausal Green's function between A and B in the positive and negative times. Thus, we can write the cross-correlation as : Derode et al. (2003a,b) have shown that this analogy also works in the case where there are few sources but the medium is heterogeneous with scatterers acting as secondary sources. Thus, the correlation of ambient seismic noise is expected to converge towards the Green function, if 1) there is a homogeneous distribution of noise sources or 2) if a few discrete sources highlight a highly heterogeneous medium.

CC AB = sources C i h AC (t) ⊗ h C i B (-t) = h AB (t) + h AB (-t) (1.6)

Applications of ambient seismic noise correlations

The previous section showed us that it is possible to reconstruct the response of the medium (Green's function) using cross-correlations of ambient noise. That opens the possibility to image and monitor objects at different scales. We present in this section the two main areas of ambient seismic noise: surface waves tomography and the monitoring of the crust.

Surface waves tomography

Traditional passive seismic methods for imaging the Earth's interior require energy from seismic sources. However, this approach suffers from several limitations: the distribution of earthquakes is heterogeneous, as earthquakes occur mainly at the interface of tectonic plates, which limits the resolution of tomographic images that can be obtained in regions of moderate seismicity. Moreover, surface waves with period < 20s which are sensitive to the earth's crust are strongly attenuated, so it is difficult to image crustal structures from earthquakes only. An alternative approach uses the ambient seismic noise signal that is always present in the seismic record. Since the ambient noise is dominated by surface waves this method is particularly efficient for surface wave tomography. To extract information about surface waves, the ambient noise technique uses cross-correlation of long duration, recorded simultaneously at multiple stations to reconstruct the Green function of the medium between (ideally) each pair of stations [START_REF] Shapiro | Emergence of broadband rayleigh waves from correlations of the ambient seismic noise[END_REF]. Using time-frequency analysis of the reconstructed surface wave, and knowing the distance between stations, it is possible to determine the surface wave dispersion or group velocities of the surface waves for a range of periods [START_REF] Shapiro | Emergence of broadband rayleigh waves from correlations of the ambient seismic noise[END_REF][START_REF] Shapiro | High-resolution surface-wave tomography from ambient seismic noise[END_REF]. Surface wave dispersion can be used to perform tomographic inversions to produce regional group velocity maps.

At long periods (e.g., T > 50s), surface waves are primarily sensitive to the structure at great depths (e.g., the upper mantle), while at short periods (e.g., T < 30s), they sample the structure at shallow depths, i.e the crust. To probe the medium at different depths, different period bands are used and thus networks of different apertures are adopted. Thus noise correlation has been exploited at different scale: mountain range like the Alps [START_REF] Nouibat | Lithospheric transdimensional ambient-noise tomography of w-europe: implications for crustal-scale geometry of the w-alps[END_REF]; country [START_REF] Shapiro | High-resolution surface-wave tomography from ambient seismic noise[END_REF][START_REF] Sabra | Surface wave tomography from microseisms in southern california[END_REF][START_REF] Zheng | Crustal structure of the northeastern tibetan plateau, the ordos block and the sichuan basin from ambient noise tomography[END_REF][START_REF] Ritzwoller | Ambient noise tomography with a large seismic array[END_REF]; or even Europe [START_REF] Yang | Ambient noise rayleigh wave tomography across europe[END_REF][START_REF] Lu | High-resolution surface wave tomography of the European crust and uppermost mantle from ambient seismic noise[END_REF][START_REF] Nouibat | Lithospheric transdimensional ambient-noise tomography of w-europe: implications for crustal-scale geometry of the w-alps[END_REF].

Monitoring of the crust

In this subsection, we explain how noise correlation can be used to measure the evolution of seismic velocities over time. Each seismogram contains information about the elastic properties of the medium and ambient noise can be recorded at all times, so noise correlations can be used to estimate the Green's function between pairs of stations continuously. This makes it possible to follow the temporal evolution of the seismic wave velocities that reflect variations in the elastic properties of the Earth's crust.

The basis of coda-wave monitoring is that the medium undergoes a homogeneous change. Thus, the longer the wave field spends in the medium, the more pronounced the phase delay effect will be and the easier it will be to measure. Hence, the interest in studying coda waves which are multiple scattered waves, they sample the medium with a much longer path than the direct arrival wave. Consequently, late arrivals of coda waves are sensitive to very small changes in velocity in the medium, and this phase shift becomes more important as the propagation time increases [START_REF] Hadziioannou | Ondes sismiques en milieu complexe: Mesure des variations temporelles des vitesses[END_REF][START_REF] Poupinet | Monitoring velocity variations in the crust using earthquake doublets: An application to the calaveras fault, california[END_REF][START_REF] Froment | Estimation of the effect of nonisotropically distributed energy on the apparent arrival time in correlations[END_REF].

The simplest way to use coda waves to monitor the evolution of the seismic velocities is to look specifically for a homogeneous change. In this case, the time delay of seismic waves increases linearly with the propagation time. This implies that the coda waves part of the Green function measured between two stations after a homogeneous perturbation in the medium is either stretched or compressed by a factor (1 ± δv/v) with respect to the coda waves measured before the perturbation. This is illustrated by Figure 1.15d: the correlation computed in a heterogeneous medium at a time t is shown in black, and the correlation obtain at a later time t + 1 after a slight decrease in the medium velocity is shown in red. The time delay between the two correlation increase with the lapse time: so the time axis of the correlation shown in red compares to the time axis t of the correlation shown in black is multiplied by (1 -δv/v), where δv/v represents the relative change in velocity. To resume, to measure velocity changes in a medium, we compare the correlation computed at time t with the 'reference' one. The reference correlation is generally chosen as a correlation reflecting the medium without perturbation; neither noise nor earthquake in order to compare the 'original' state to the one that has been modified. There are two main methods for studying velocity changes in a medium: the doublet method and the stretching method described in the following.

The Stretching technique

Assuming a spatially homogeneous change in the medium velocity, the relative velocity change δv/v at a given date is thus, the stretching coefficient = δv/v that has to be applied to the correlation corresponding to this date to maximize its similarity with the reference. This stretching coefficient is determined by a grid search. For each value of , we compute a correlation coefficient between the signal at the time t and the reference (Fig. 1.16). Ideally, the correlation coefficient between the current and the reference correlation should be close equal to one. A value less than one indicates a change in the noise sources or within the medium [START_REF] Lobkis | Coda-wave interferometry in finite solids: Recovery of p-to-s conversion rates in an elastodynamic billiard[END_REF][START_REF] Sens-Schönfelder | Passive image interferometry and seasonal variations of seismic velocities at merapi volcano, indonesia[END_REF][START_REF] Hadziioannou | Ondes sismiques en milieu complexe: Mesure des variations temporelles des vitesses[END_REF].

Figure 1.16: The red signal is compared with the reference in black for different values of stretching . Right: The correlation coefficient is calculated for each attempt; the maximum is obtained for the second panel indicating that the value of that maximizes the similarity between the traces is -0.027(from Hadziioannou (2011)).

The Doublet method

The doublet method is a frequency domain measurement and is also called the Moving cross-spectral method. The principle is the following: the time variations between the correlation at a time CC t and the reference correlation CC ref are estimated in different overlapping lapse times. The length of the moving window used is approximately 2 periods long and is therefore determined by the minimum frequency in the selected period range [START_REF] Poupinet | Monitoring velocity variations in the crust using earthquake doublets: An application to the calaveras fault, california[END_REF][START_REF] Wang | Evidence of changes of seismic properties in the entire crust beneath japan after the m w 9.0, 2011 tohoku-oki earthquake[END_REF]. Time shifts are measured in each window and a linear regression is performed to obtain the evolution of the time shift as a function of the lapse time. Indeed this relationship is linear in the case of a homogeneous change of velocity. (Fig. 1.17). Thus δv/v is given by the slope of the second linear regression of all time lags of each moving window. The advantage of this measurement is that it is independent of fluctuations in the energy spectrum of the correlation over time because the time delay measurements are performed in the frequency domain using only the phase of the signals.

1.3.2.2.3 Distribution of the noise sources: Limitation of the monitoring [START_REF] Stehly | A study of the seismic noise from its long-range correlation properties[END_REF] shows that the causal and acausal parts of the correlations could have strong variations in amplitude depending on the source distribution in the medium. Indeed, in the case of a homogeneous noise source distribution, the causal and acausal parts should have similar amplitude. On the other hand, if the sources are more energetic on the side of one station rather than another then an amplitude asymmetry will be observed in the correlations. This observation indicates that the energy of the noise wavefield is not isotropic and depends on the azimuth. It has been shown by several studies that in the microseismic period band (5-20s), the distribution of noise sources depends on the season. Hence, the relative amplitude of the causal and acausal Rayleigh waves is also seasonal [START_REF] Stehly | A study of the seismic noise from its long-range correlation properties[END_REF]. This seasonality also concerns P-waves as shown by [START_REF] Landès | Origin of deep ocean microseisms by using teleseismic body waves[END_REF]. These observations are consistent with the seasonality of the ocean wave height and the migration of strong oceanic storms between the southern and northern hemispheres. Since the distribution of noise sources is not homogeneous and depends on the season, the Green function is not perfectly reconstructed by noise correlations. A change in the distribution of the source may affect the phase of the correlation coda waves and thus result in an apparent change of velocity. [START_REF] Weaver | Ultrasonics without a source: Thermal fluctuation correlations at mhz frequencies[END_REF] established an expression to estimate the error induced by a change in noise sources on the δv/v measurement.

The aim is finally to evaluate the precision with which wave velocity changes can be evaluated. The assumption considered in this case is that if the two waveforms differ only by noise then the real relative dilation is 0 without noise [START_REF] Weaver | On the precision of noise correlation interferometry[END_REF][START_REF] Hadziioannou | Ondes sismiques en milieu complexe: Mesure des variations temporelles des vitesses[END_REF]. Using two correlation functions that differ only in the noise affecting them, the authors make a statistical estimate of the relative time lag: the apparent dt/t. Any non-zero time shift will therefore be a consequence of the noise contained in the two signals and not of a change in the properties of the medium [START_REF] Weaver | On the precision of noise correlation interferometry[END_REF][START_REF] Rivet | Suivi temporel de la zone de subduction d'Amérique Centrale et imagerie de la vallée de Mexico[END_REF]. The expression of the fluctuation of the time lag measurement is the following:

rms( ) = √ 1 -X 2 2X 6 π 2 T ω 2 c (t 3 2 -t 3 1 ) (1.7)
where is the dilation, X the coherence of the waveform after dilation, between starting time t1 and end time t2. T is the half period bandwidth, with ω c the center frequency of the signal.

In addition, the signal-to-noise ratio of the coda waves depends on the amount of data used to compute the correlations [START_REF] Sabra | Surface wave tomography from microseisms in southern california[END_REF][START_REF] Weaver | Fluctuations in diffuse field-field correlations and the emergence of the green's function in open systems[END_REF]. [START_REF] Weaver | On the precision of noise correlation interferometry[END_REF], have shown that when the stretching method is used to infer velocity changes, the root mean square of the errors of the estimate of the relative velocity change between a reference correlation and a N-days (auto)correlations is proportional to 1-CC, where CC is the correlation coefficient between the reference and the N-days correlation. Hence, the accuracy of the δv/v measurements increases with the correlation coefficient between the reference and the N-days correlations. This correlation coefficient CC depends on several factors, amongst which the amount of data used to compute the correlations, the dynamic of the seismic noise wavefield, the attenuation and scattering properties of the medium.

Velocity variations related to the hydrological cycle

To address the space-time fluctuations in subsurface water content, the seismic monitoring approach can be an important complement to the existing techniques because of its potential for space-time monitoring [START_REF] Mao | Space-time monitoring of groundwater fluctuations with passive seismic interferometry[END_REF].

The velocity of seismic wave propagation is determined by the elastic and bulk density moduli and can therefore be used to infer the mechanical state of the crustal material.

Changes in pore pressure, saturation, or porosity result in relative changes in seismic wave propagation velocity δv/v [START_REF] Christensen | The influence of pore pressure and confining pressure on dynamic elastic properties of berea sandstone[END_REF][START_REF] Bachrach | High-resolution shallow-seismic experiments in sand, part i: Water table, fluid flow, and saturation[END_REF][START_REF] Schubnel | Quantifying damage, saturation and anisotropy in cracked rocks by inverting elastic wave velocities[END_REF][START_REF] Grêt | Time-lapse monitoring of rock properties with coda wave interferometry[END_REF]. For example, an increase in pore pressure decreases the contact area between grains and leads to a decrease in seismic velocity.

In recent years, the use of ambient seismic noise has made it possible to monitor seismic wave velocity continuously over time with high sensitivity and low cost. This method consists in repeatedly extracting the Green's function of the medium between pairs of receivers in (ideally) a dense array by correlating the ambient noise records. Seismic noise wave velocity change within the medium can be tracked by analyzing the coda part of the reconstructed Green's function. By using noise correlations filtered in different period bands and/or by analyzing different coda time windows, different depths can be monitored ranging from a few meters (Sens-Schönfelder and [START_REF] Sens-Schönfelder | Passive image interferometry and seasonal variations of seismic velocities at merapi volcano, indonesia[END_REF][START_REF] Hillers | Seasonal variations of seismic velocities in the san jacinto fault area observed with ambient seismic noise[END_REF] to the middle and lower crust [START_REF] Froment | Deformation at depth associated with the 12 may 2008 mw 7.9 wenchuan earthquake from seismic ambient noise monitoring[END_REF][START_REF] Rivet | Insights on the long-term activity of piton de la fournaise volcano from noise-based seismic velocity changes measurements[END_REF][START_REF] Obermann | Seismic noise correlations to image structural and mechanical changes associated with the mw 7.9 2008 wenchuan earthquake[END_REF][START_REF] Wang | Evidence of changes of seismic properties in the entire crust beneath japan after the m w 9.0, 2011 tohoku-oki earthquake[END_REF][START_REF] Poli | Seasonal and coseismic velocity variation in the region of l'aquila from single station measurements and implications for crustal rheology[END_REF].

Currently, many studies have investigated the effects of precipitation in the soil. Indeed, rainfall can induce changes in seismic wave velocity by two mechanisms. First, if water fills the pore spaces then the wave velocity is reduced. Generally, this effect is visible in the surface layers of the crust where the majority of aquifers are also located [START_REF] Sens-Schönfelder | Passive image interferometry and seasonal variations of seismic velocities at merapi volcano, indonesia[END_REF][START_REF] Meier | Detecting seasonal variations in seismic velocities within los angeles basin from correlations of ambient seismic noise[END_REF][START_REF] Hillers | Seismic velocity variations at tcdp are controlled by mjo driven precipitation pattern and high fluid discharge properties[END_REF][START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF][START_REF] Wang | Seasonal crustal seismic velocity changes throughout japan[END_REF][START_REF] Vidal | Hydrological effects on seismic-noise monitoring in karstic media[END_REF]. The second visible effect on velocity changes is related to additional water mass loading: an increase in fluid pressure at the surface due to a large amount of rainfall leads to a local increase in pore fluid pressure at depth in hydraulically connected regions [START_REF] Husen | Locally triggered seismicity in the central swiss alps following the large rainfall event of august 2005[END_REF][START_REF] Hainzl | Testing atmospheric and tidal earthquake triggering at mt. hochstaufen, germany[END_REF], and alters the seismic stress and velocities in the deeper layers [START_REF] Bettinelli | Seasonal variations of seismicity and geodetic strain in the himalaya induced by surface hydrology[END_REF][START_REF] Obermann | Seismic noise correlations to image structural and mechanical changes associated with the mw 7.9 2008 wenchuan earthquake[END_REF].

More specifically, [START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF], have studied the velocity variations computed from ambient seismic noise in the region of Mormanno in southern Italy in the presence of an unconfined karstic aquifer. Their observations indicate that it's possible to predict the evolution of seismic velocities caused by changes in the amount of water inside an aquifer from precipitation records (Fig. 1.19). Finally, [START_REF] Mao | Space-time monitoring of groundwater fluctuations with passive seismic interferometry[END_REF] used a dense array in the Los Angeles basin to monitor groundwater variations in space and time. The results show that δv/v monitoring reveals the spatial patterns of groundwater fluctuations and that seasonal variability is most pronounced in confined aquifers. In addition, the authors retrieve groundwater level changes from hydraulic loads with high accuracy. The strong correlation between these two measurements shows that it is possible to exploit ambient noise measurements to replace wells to monitor groundwater storage. This alternative approach will not only alleviate the high labor and maintenance costs of groundwater wells, but also greatly improve the spatial and temporal density of measurements. 

Conclusion

Throughout this chapter, we have studied the topic related to aquifers. The increase in greenhouse gases, which contribute greatly to a rise in temperature, affects the hydrological cycle and indirectly groundwater levels. However, climate change is not the primary cause of groundwater resource depletion: population growth, coupled with the expansion of urban and agricultural areas, is progressively lowering groundwater levels and causing contamination by agricultural and saline pollutants. Specifically in the Mediterranean basin where several places have been subsiding and weaken infrastructures because of over-exploitation.

Thus, from a societal, economical and ecological point of view, studying and monitoring aquifers is one of the challenges of the 21st century. For this purpose, in this thesis, 2 main questions are raised: 1) Is it possible to monitor the hydrological cycle associated with aquifers using the seismic wave? 2) Can we use seismic noise correlation to evaluate the long-term evolution of aquifers? Do groundwater levels in Greece and Italy increase or decrease over time?

We have seen previously that techniques already exist to track the evolution of aquifer systems, but have many disadvantages such as being sparse in time and space (hydraulic heads) or recording only surface deformations (GPS). We propose in this thesis to use the advantages of ambient seismic noise to monitor aquifers.

The state of the art of seismology presented in this chapter has shown that the development of imaging and monitoring methods based on noise correlations has led to a better understanding of the noise field and its variations in time and space. To date, the major-ity of studies have been based on the origin of microseisms at 3-20s, and little is known about the generation of seismic noise at shorter periods (1-3s). In addition to allowing the study of velocity changes associated with earthquakes [START_REF] Maeda | Seismic velocity decrease and recovery related to earthquake swarms in a geothermal area[END_REF][START_REF] Soldati | Monitoring of crustal seismic velocity variations in the l'aquila fault zone inferred from noise cross-correlation[END_REF][START_REF] Zaccarelli | Variations of crustal elastic properties during the 2009 l'aquila earthquake inferred from crosscorrelations of ambient seismic noise[END_REF], the 1 -3s period band is particularly interesting for tracking changes in groundwater levels, offering a unique opportunity to track the response of the crust to the hydrological cycle [START_REF] Poli | Seasonal and coseismic velocity variation in the region of l'aquila from single station measurements and implications for crustal rheology[END_REF][START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF]. Thus, the dynamic of seismic noise sources in the 1-3s of period in Europe is studied in chapter 2.

The reconstruction of the Green's function by noise autocorrelation measurements will be used to study seasonal changes of aquifers in Greece (chapter 3) and the long-term trend evolution in Italy (chapter 4). To distinguish superficial velocity changes from perturbations occurring deeper in the crust, we study how the δv/v measurement depends on the lapse time in chapter 5.

Finally, the last part of this manuscript is devoted to the surface wave tomography of Greece in order to image the deep structure (chapter 6).

1.4 Supplementary section S1-Sea water intrusion and land subsidence over the world Chapter 2

Dynamic of seismic noise sources in the Mediterranean Sea: implication for monitoring using noise correlations1 

Abstract

We study the wavefield dynamics of short-period (1-3s) seismic noise across Europe and its implication on the convergence speed of noise autocorrelation coda waves. Our aim is not to describe the source of the seismic noise with high spatial resolution, since this has already been done by a number of previous studies. Instead, the goal of this work is to study how the dynamics of the seismic noise affect the possibility of monitoring the evolution of the crust, in particular the temporal resolution and accuracy of the velocity change that can be detected.

To that end, we perform a single station analysis at all available European broadband stations in 2021 using a proxy that quantifies the extent to which the frequency content of the noise wavefield is stationary over time, independently of its amplitude variations. We show that at short periods (< 3s), the noise field in Europe is dominated by surface waves coming from the North Atlantic Ocean, with also a significant contribution from the Adriatic and Aegean Seas in southern Europe. The relative contribution of these two source regions depends on the season, with the influence of the Adriatic and the Aegean Seas increasing in summer.

The interplay of these two source regions creates lateral variations in the properties of the seismic noise. Thus, the noise field is more stable in northern Europe where the influence of the Atlantic Ocean predominates, while along the Adriatic coast and around the Aegean Sea, micro-seismic events lasting several hours are regularly detected, especially in summer. This leads to strong lateral variation in the convergence velocity of the coda waves, and thus in the accuracy and temporal resolution of the velocity changes that can be detected in Europe.

Introduction

In the last two decades, the advent of dense networks of seismic stations and the use of seismic noise to reconstruct Green's functions between station pairs have opened up new possibilities for studying the internal structure of the Earth and its temporal evolution. Indeed, several theoretical studies have established that the correlations of random wavefields between two receivers yield the Green's function of the medium between these two receivers, assuming that the wavefield is equipartitionned (see for instance; [START_REF] Weaver | Ultrasonics without a source: Thermal fluctuation correlations at mhz frequencies[END_REF]; [START_REF] Wapenaar | Retrieving the elastodynamic green's function of an arbitrary inhomogeneous medium by cross correlation[END_REF]; [START_REF] Roux | Ambient noise cross correlation in free space: Theoretical approach[END_REF]; De Verdière (2006a,b); Sánchez-Sesma and [START_REF] Campillo | Phase and correlation in random seismic fields and the reconstruction of the green function[END_REF]; [START_REF] Campillo | Phase and correlation in random seismic fields and the reconstruction of the green function[END_REF]; [START_REF] Margerin | Generalized optical theorems for the reconstruction of green's function of an inhomogeneous elastic medium[END_REF]).

This has led to a new interest in the study of seismic ambient noise. Indeed, the possibility to recover the Green's function between (ideally) any pair of stations has been widely and successfully used to image the Earth's structure [START_REF] Shapiro | Emergence of broadband rayleigh waves from correlations of the ambient seismic noise[END_REF][START_REF] Shapiro | High-resolution surface-wave tomography from ambient seismic noise[END_REF][START_REF] Sabra | Surface wave tomography from microseisms in southern california[END_REF], and to monitor changes in seismic wave velocity resulting from the response of the Earth's crust to seismicity and tectonic processes [START_REF] Brenguier | Postseismic relaxation along the san andreas fault at parkfield from continuous seismological observations[END_REF][START_REF] Chen | Distribution of seismic wave speed changes associated with the 12 may 2008 mw 7.9 wenchuan earthquake[END_REF][START_REF] Rivet | Seismic evidence of nonlinear crustal deformation during a large slow slip event in mexico[END_REF][START_REF] Zaccarelli | Variations of crustal elastic properties during the 2009 l'aquila earthquake inferred from crosscorrelations of ambient seismic noise[END_REF][START_REF] Froment | Deformation at depth associated with the 12 may 2008 mw 7.9 wenchuan earthquake from seismic ambient noise monitoring[END_REF][START_REF] Wang | Evidence of changes of seismic properties in the entire crust beneath japan after the m w 9.0, 2011 tohoku-oki earthquake[END_REF][START_REF] Soldati | Monitoring of crustal seismic velocity variations in the l'aquila fault zone inferred from noise cross-correlation[END_REF], as well as to environmental changes such as thermoelastic stress and precipitation for example [START_REF] Sens-Schönfelder | Passive image interferometry and seasonal variations of seismic velocities at merapi volcano, indonesia[END_REF][START_REF] Meier | Detecting seasonal variations in seismic velocities within los angeles basin from correlations of ambient seismic noise[END_REF][START_REF] Lecocq | Monitoring ground water storage at mesoscale using seismic noise: 30 years of continuous observation and thermo-elastic and hydrological modeling[END_REF][START_REF] Taira | Monitoring reservoir response to earthquakes and fluid extraction, salton sea geothermal field, california[END_REF][START_REF] Angelis | Effect of groundwater on noise-based monitoring of crustal velocity changes near a produced water injection well in val d'agri (italy)[END_REF][START_REF] Vidal | Hydrological effects on seismic-noise monitoring in karstic media[END_REF][START_REF] Hillers | Seasonal variations of seismic velocities in the san jacinto fault area observed with ambient seismic noise[END_REF][START_REF] Wang | Seasonal crustal seismic velocity changes throughout japan[END_REF][START_REF] Mao | Space-time monitoring of groundwater fluctuations with passive seismic interferometry[END_REF][START_REF] Clements | Tracking groundwater levels using the ambient seismic field[END_REF][START_REF] Poli | Seasonal and coseismic velocity variation in the region of l'aquila from single station measurements and implications for crustal rheology[END_REF].

The ideal case for retrieving Green's functions would be to have a spatially homogeneous distribution of stationary noise sources and to average the noise correlations over a sufficiently long time interval. However, in practice, the long-period seismic noise comes from discrete locations and the noise field is neither isotropic nor fully equipartitioned.

In other words, the ambient seismic noise does not fully satisfy the assumptions of the theory. Indeed, at periods greater than 1s, the seismic noise is mainly generated by the interaction between the atmosphere, the ocean, and the solid Earth by different mechanisms depending on the period considered, and it consists mainly of surface waves with a smaller amount of body waves [START_REF] Toksöz | Microseisms: Mode structure and sources[END_REF][START_REF] Ekström | Time domain analysis of earth's long-period background seismic radiation[END_REF][START_REF] Landès | Origin of deep ocean microseisms by using teleseismic body waves[END_REF][START_REF] Boué | Teleseismic correlations of ambient seismic noise for deep global imaging of the earth[END_REF][START_REF] Gualtieri | Modelling the ocean site effect on seismic noise body waves[END_REF].

In the 1 -20s period band, the seismic noise is dominated by two distinct energy peaks, the primary and secondary microseisms, which are observed globally. The primary microseism has periods similar to the main swell (10 -20s) with a maximum energy at about 14s. It results from a direct interaction between the swell and the sea floor in shallow water [START_REF] Hasselmann | A statistical analysis of the generation of microseisms[END_REF]. The secondary microseism peak is more energetic and has -on average-a dominant period around 7s. It is generated by the non-linear interaction of swell reflections near the coast or by swells propagating in opposite directions in the deep ocean that cause half-period (5 -10 s) pressure variations [START_REF] Longuet-Higgins | A theory of the origin of microseisms[END_REF][START_REF] Hasselmann | A statistical analysis of the generation of microseisms[END_REF][START_REF] Ardhuin | Noise generation in the solid earth, oceans and atmosphere, from nonlinear interacting surface gravity waves in finite depth[END_REF]. In this particular case, the pressure fluctuation in the water column does not present an exponential decay with depth, making it possible to generate seismic noise in deep water. For primary and secondary microseisms, the complexity of the noise field is increased by lateral variations in seafloor bathymetry and in the scattering properties of the crust that affect the ocean-solid earth coupling and tend to randomize the wavefield [START_REF] Saito | Love-wave excitation due to the interaction between a propagating ocean wave and the sea-bottom topography[END_REF][START_REF] Ardhuin | Large-scale forces under surface gravity waves at a wavy bottom: A mechanism for the generation of primary microseisms[END_REF][START_REF] Lu | Mapping the seismic noise field in europe: spatio-temporal variations in wavefield composition and noise source contributions[END_REF]. In Europe, the use of seismic noise correlations for tomographic and monitoring studies has been supported by the development of permanent networks of stations across the continent that have been complemented by the deployment of large and dense temporary networks such as IberArray and Pyrope in the Pyrenees, Cifalps I&II and AlpArray in the greater Alpine region [START_REF] Hetenyi | The alparray seismic network: a large-scale european experiment to image the alpine orogen[END_REF][START_REF] Díaz | Background noise characteristics at the iberarray broadband seismic network[END_REF][START_REF] Chevrot | High-resolution imaging of the pyrenees and massif central from the data of the pyrope and iberarray portable array deployments[END_REF][START_REF] Zhao | First seismic evidence for continental subduction beneath the western alps[END_REF][START_REF] Paul | Along-strike variations in the fossil subduction zone of the western alps revealed by the cifalps seismic experiments and their implications for exhumation of (ultra-) high-pressure rocks[END_REF].

Many authors have studied the origin of seismic noise in Europe in the 3-20s period band. Several approaches have been used to investigate the sources of seismic noise on a continental scale using either distant arrays distributed across Europe [START_REF] Essen | On the generation of secondary microseisms observed in northern and central europe[END_REF][START_REF] Chevrot | Source locations of secondary microseisms in western europe: Evidence for both coastal and pelagic sources[END_REF][START_REF] Juretzek | Where do ocean microseisms come from? a study of love-to-rayleigh wave ratios[END_REF], or even seismic arrays on different continents [START_REF] Friedrich | Ocean-generated microseismic noise located with the gräfenberg array[END_REF][START_REF] Stehly | A study of the seismic noise from its long-range correlation properties[END_REF][START_REF] Retailleau | Locating microseism sources using spurious arrivals in intercontinental noise correlations[END_REF].

Other studies have instead focused on the origin of the noise at specific networks and locations, [START_REF] Beucler | Observation of deep water microseisms in the north atlantic ocean using tide modulations[END_REF][START_REF] Pedersen | Influence of the seismic noise characteristics on noise correlations in the baltic shield[END_REF][START_REF] Tanimoto | Estimate of rayleigh-to-love wave ratio in the secondary microseism by colocated ring laser and seismograph[END_REF][START_REF] Craig | Correlation of wavefieldseparated ocean-generated microseisms with north atlantic source regions[END_REF][START_REF] Lepore | Relation between ocean wave activity and wavefield of the ambient noise recorded in northern poland[END_REF]. On the other hand, [START_REF] Lu | Imaging alpine crust using ambient noise wave-equation tomography[END_REF]Lu et al. ( ) used a decade (2011[START_REF] Lu | Tomographie de l'arc alpin à partir de corrélations de bruit & modélisation de la propagation des ondes[END_REF] of data collected at all European broadband stations to map lateral variations of the noise field properties. All these studies indicate that the North Atlantic Ocean, in particular south of Greenland and off the coast of the British Isles and Norway, are the main sources of surface waves in the 3-20s period band, with additional contributions from the Mediterranean coast (see for example [START_REF] Lu | Mapping the seismic noise field in europe: spatio-temporal variations in wavefield composition and noise source contributions[END_REF]; [START_REF] Evangelidis | Ambient noise levels in greece as recorded at the hellenic unified seismic network[END_REF]).

Further development of imaging and monitoring methods based on noise correlations can be supported by a better understanding of the noise field and its variations in time and space. In particular, most studies to date have focused on the origin of microseisms at 3 -20s, and little is known about the generation of seismic noise at shorter periods (1-3s). In addition, to allowing the study of velocity changes associated with earthquakes [START_REF] Maeda | Seismic velocity decrease and recovery related to earthquake swarms in a geothermal area[END_REF][START_REF] Soldati | Monitoring of crustal seismic velocity variations in the l'aquila fault zone inferred from noise cross-correlation[END_REF][START_REF] Zaccarelli | Variations of crustal elastic properties during the 2009 l'aquila earthquake inferred from crosscorrelations of ambient seismic noise[END_REF], the 1 -3s period band is of particular interest for tracking changes in groundwater levels, providing a unique opportunity to monitor the response of the crust to the hydrological cycle [START_REF] Poli | Seasonal and coseismic velocity variation in the region of l'aquila from single station measurements and implications for crustal rheology[END_REF][START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF].

Unlike previous studies of the seismic noise in Europe, we do not aim at investigating the origin of the seismic noise per se. Instead, our aim is to study how lateral variations of the noise field affect the speed of convergence of the noise auto-correlations coda waves and thus the possibility of monitoring velocity changes in the Earth's crust. Indeed, we may wonder how the temporal resolution of monitoring studies is affected by the dynamics of seismic noise sources. In particular, at the European scale, do autocorrelation coda waves converge everywhere at a similar rate, or are there lateral variations that are due either to different scattering properties of the crust or to the dynamics of the seismic noise sources?

To answer these questions, we first study the origin of the seismic noise and its seasonal variations around 2 and 7s of periods. We then introduce a proxy to evaluate to what extent the seismic noise is stationary or not (section 2.3). This allows us to characterize the dynamics of the short-period seismic noise at the European scale. This makes it then possible to study the relationship between the dynamics of the seismic noise and the convergence speed of the auto-correlations coda waves (section 2.4). We highlight the influence of seasonal variations of the contribution of the Atlantic Ocean and of the particular dynamics of the , 2009-2011). We thus use data from 47 European networks and 1960 stations for which we have at least 300 days of data. The station map is presented in Figure 1. We represent with red triangles the stations with data in 2021, in light blue and yellow the IberArray and Pyrope network respectively. 

Median level in Europe

To study the average noise level across Europe and its seasonal variations, we use an approach inspired by [START_REF] Mcnamara | Ambient noise levels in the continental united states[END_REF] by analyzing continuous waveform data without removing any signal such as earthquakes or instrumental glitches. We processed the vertical records of each station day by day. Each daily record was band pass filtered between 0.5s and 300s, corrected from the instrumental response, and decimated to a sampling frequency of 5Hz. For each station and for each day of data we compute Power Spectral Densities (PSD) with a sliding window of one hour with no overlap. A 10% cosine taper is applied to both ends of each 1-hour segment to suppress the effect of side lobes in the Fast Fourier Transform. The PSD of each 1-hour segment is obtained from a finite range FFT of the seismic data. Finally, PSDs are converted into decibels with respect to velocities.

To obtain the median noise level at each station as a function of the season, we compute for each station the median noise level for January-February (winter) and July-August (summer). We remind the reader that we used data from 2009-2013 from the IBerArray and Pyrope temporary network in the Pyrenees and from 2021 elsewhere (see Figure 2.1). We use specifically the median rather than the mean to reduce the contribution of large amplitude events such as earthquakes and glitches. The median noise level obtained during the winter and the summer at 2s and 7s of periods are presented on Figure 2.2.

As shown on the lower panels of Figure 2.2, at 7s in January we observe a large-scale variation of the median seismic noise level across Europe, the noise level being maximum on the west coast of France (-115dB) and decreasing progressively towards the southeast, the minimum being reached in Greece (-140dB). This noise level gradient is consistent with a dominant noise source located in the North Atlantic Ocean as it was previously observed by various studies [START_REF] Friedrich | Ocean-generated microseismic noise located with the gräfenberg array[END_REF][START_REF] Stehly | A study of the seismic noise from its long-range correlation properties[END_REF][START_REF] Retailleau | Locating microseism sources using spurious arrivals in intercontinental noise correlations[END_REF][START_REF] Kedar | The origin of deep ocean microseisms in the north atlantic ocean[END_REF]. On the other hand, during the month of July, we observe an almost homogeneous noise level in Europe, with a median level of -140 dB. This illustrates that at 7s of period, the noise level in Europe varies strongly depending on the season, the noise level being higher during the winter in the northern hemisphere when the wave height is larger in the North Atlantic Ocean.

We observe that the seismic noise level differs strongly at 2s period, indicating that the distribution of seismic noise source is not the same at 2s and 7s of period (Figure 2.2). In January at 2s of period, the noise level is maximum on the coast reaching -125dB on the west coast of France, south-east France, and in southern Greece. Conversely, the noise level decreases towards the East (and not toward the South-East as it was the case at 7s of period) when moving away from the Mediterranean and Atlantic coasts. Thus, the minimum median noise level is reached in Romania (-145 dB). This indicates that the seismic noise is mainly generated locally near the Atlantic and Mediterranean coasts.

Just as at 7s of period, the median noise level at 2s exhibits clear seasonal variations, the noise level decreasing in the summer. However, the lateral variation of the seismic noise level remains similar during the summer and the winter. Thus in July the median noise level range reaches -135dB in the western part of France and Spain and decreases towards the East becoming less than -145dB past Switzerland.

In addition to this West-East gradient, we note that in Italy the noise level is larger toward the Mediterranean and Adriatic coast (about 140dB) than in the Apennines (-147dB). This observation is compatible with a generation of seismic noise along the coasts. Similarly, high noise levels are also observed in Greece and the Cyclades.

To summarize, the noise level maps show that the origin and the seasonal variations of the micro-seismic noise differ at 2s and 7s of period. At 7s, the median noise level is consistent with a dominant noise source located in the North Atlantic Ocean, while in the summer the homogeneity of the noise level indicates a distant origin, probably with a significant contribution from the southern hemisphere. On the other hand, there is no clear local maximum near the coasts that would indicate a local coupling. This seasonal variation implies that the quality of the Green function retrieved from cross-correlation may differ during the summer and the winter. Hence for tomographic studies using simultaneously data recorded during winter and summer is a common way to improve the quality of the travel-time measurements performed on noise correlations. For monitoring applications, it implies that the precision of the δv/v may depend on the season.

Conversely, at 2s of period, the lateral variations of the seismic noise are similar in January and July suggesting that the sources are always located in the same areas. In January as well as in July the maximum noise levels are reached in specific regions along the coasts hence indicating local coastal noise sources. This is consistent with theoretical expectations: at 2s of period the primary and secondary mechanism can generate seismic noise in shallower water than at 7s [START_REF] Longuet-Higgins | A theory of the origin of microseisms[END_REF]. If the noise originated from a single region, and assuming a constant quality factor across Europe, the dominant period of the noise should increase smoothly with distance from the source [START_REF] Lu | Mapping the seismic noise field in europe: spatio-temporal variations in wavefield composition and noise source contributions[END_REF]. However, this is not what we observe either in January or July (Figure 2.3): as seen in the previous section, between 2-10s, the seismic noise is influenced by two distinct source regions located in the North Atlantic and in the South East Mediterranean. Thus, the spatial distribution of the dominant period results from the interaction between these two source areas. This interaction is itself dependent on the season.

In January (Figure 2.3a), the dominant period is 6s in northern Europe (France, Germany, Switzerland). It decreases progressively towards the southeast to about 5s in northern Italy. This would be consistent with a dominant source located in south-eastern Europe. However, we note an abrupt change between Northern Italy and Southern Italy where the dominant period is less than 3.5s. In Greece values lower than 3s are observed around the Aegean Sea. These observations are consistent with a dominant noise source in the southeast Mediterranean explaining the northwest-southeast gradient of the dominant period, with moreover a short-period noise source close to the southern Italy coastline explaining the abrupt change observed in Italy.

In July, the spatial distribution of the dominant period is completely different (Figure 2.3b). We observe a shift toward shorter periods, with a dominant period of 5s throughout Europe with 3 exceptions: in southern Greece, near Galicia (Spain), and at several stations on the Italian, French, and Spanish coasts, the dominant period is less than 3.5s. This suggests that short-period microseismic noise is generated locally close to these areas.

These observations have two implications for monitoring studies: the seasonal behavior of the seismic noise does not guarantee that noise correlations coda waves converge to a similar waveform in summer and winter and as we will see in the next sections the coda of correlations in coastal regions dominated by a 2s period in summer converges more slowly.

2.3 Dynamic of the noise wavefield in Europe in the 0.5 -0.7Hz frequency band

In the previous section, we presented the noise level in Europe at 2s and 7s and the dominant period of seismic noise records. In the present section, we study the dynamic of the seismic noise and its temporal evolution specifically in the 0.5 -0.7Hz frequency band. We choose specifically to focus on this frequency band since it is often used to monitor the temporal evolution of the crust using seismic noise correlations in particular for tracking groundwater level change [START_REF] Poli | Seasonal and coseismic velocity variation in the region of l'aquila from single station measurements and implications for crustal rheology[END_REF][START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF]. Moreover, little is known about the generation of the seismic noise in the period band, since previous studies on the secondary micro-seismic noise tend to focus on the 3 -20s period band. We use only European networks for which we have continuous records in 2021, and we thus discard the data of the IberArray and Pyrope experiments.

Quantifying the stationarity of the wavefield

Our goal is to quantify the impact of the dynamic of the seismic ambient noise on the convergence of coda waves obtained from noise correlations. To that end, in this section, we define a proxy to quantify whether the seismic noise is stationary or not. We look for a proxy that does not depend on the amplitude of the seismic noise since a change in noise level per se does not modify the waveform of the correlations. Instead, we design a proxy that depends only on the temporal evolution of the frequency content of the seismic noise.

To define this proxy, we first compute at each station PSDs with a 30-minute sliding window which is shifted by 5 minutes. These 30-minute PSDs are then used to quantify the temporal evolution of the frequency content of the seismic noise over several time scales ranging from 1 day to 30 days, independently of the amplitude of the seismic noise.

We thus define a stationarity coefficient (SC) obtained in the following way :

Each 30-minute PSD is smoothed over frequency using a moving average Gaussian filter having a width of 0.05 Hz. We thus study specifically 1st-order variations of the frequency content of the noise.

Each 30-minute PSD is then normalized by its energy in the target frequency band i.e 0.5 -0.7Hz.

At each date, we define the current PSD as the PSD computed with a 30-minute window that ends at the current date, and the N-days PSD as the PSDs averaged over the previous N-days, with N ranging from 1 day to 30 days. We then compute the normalized correlation coefficients of the current PSD and each N-days PSD. We note that this correlation coefficient is independent of the noise level and depends only on the temporal evolution of the frequency content of the noise.

Finally, we define the stationarity coefficient at each date as the lowest coefficient correlation between the current and the N-days PSDs. A stationarity coefficient close to 1, indicates that the current 30-minute PSD is similar to all PSDs averaged over the previous N days, i.e that the noise is stationary over all time scales. A value close to 0 indicates that the current PSD differs strongly from at least one of the PSD averaged over the N previous days, i.e that the frequency content of the noise is not stationary on at least one-time scale.

Stationarity coefficient at a single station in Italy

Figure 2.4 shows as an example the stationarity coefficient measured in the 0.5 -0.7 Hz frequency band at the station NRCA located close to Norcia in Italy from June 6th to June 30th. As shown on the upper panel, the stationarity coefficient typically varies between 0.96 and 1 which reflects the usual variability of the frequency content of the seismic noise in the 0.5 -0.7 Hz frequency band. In addition to these variations, we observe several events on June 14, 15, 18, and 30 during which the stationarity coefficient drops to values below 0.94 for a few hours. Looking at the spectrogram presented on the lower panel of Figure 2.4, we can correlate changes in the stationarity coefficient with changes in the frequency contents of the noise. We first observe that in central Italy, the seismic noise has a maximum of energy between 0.2 and 0.4 Hz which corresponds to the secondary microseismic peak. This peak of energy is continuous in time. Above 0.4 Hz, -apart from particular events -the energy of the noise decreases continuously with frequency. In addition to this average behavior, we observe two kinds of microseismic events:

The first type of event is characterized by a clear increase (∼ 5 -10 dB) of the noise level above 0.4 Hz. This occurs on June 14, 15, 22, and 30. These events modify the decay of the noise level with frequency measured between 0.5 and 0.7Hz, and are thus associated with a drop of the stationarity coefficient which becomes less than 0.94 (Figure 2.4 upper panel).

On June 18th we observe a second kind of event: a local maximum of energy appears between 0.5 and 0.8Hz, the noise level remaining in the usual range. This type of event, characterized by a first-order change in the shape of the spectrum but without a significant change in noise level, is associated with a sharp drop in stationarity coefficient which becomes less than 0.9.

This example illustrates that the stationarity coefficient computed in the 0.5 -0.7Hz allows us to distinguish the usual fluctuations of the frequency content of the seismic noise (SC > 0.96) from discrete events lasting a few hours (SC < 0.94) corresponding either 1) microseismic events characterized by a sharp increase of the noise level between 0.4 -0.6 Hz, or 2) to a first-order change of the shape of the spectrum. 

Stationarity coefficient maps for two particular events

In this section, we quantify the spatial extent of the noise wavefield perturbations that were introduced in the previous section. We would like to know if they are detected at the scale of Europe, or if on the contrary they are located in a particular region. To that end, we look at the spatial distribution of the stationarity coefficient for the events of In order to see which European stations are affected by this event, we present on Figure 5a, the value of the stationarity coefficient of June 30, 2021 averaged between 3:00-9:00 AM. We note that over the whole Europe, the stationarity coefficient is greater than 0.97 except around the Adriatic Sea, in particular in Italy and Slovenia where we obtain values lower than 0.95. This indicates that this event originates from the Adriatic Sea. This event is also associated with an increase in noise level between 0.4 and 0.7Hz. Figure 5b shows the difference between the measured noise level measured on June 30, 2021, between 3:00-9:00 AM and the noise level averaged over the past 10 days. This difference is expressed as a percentage. Across Europe, the noise level is similar on June 30 and the previous 10 days, with the exception of the stations located around the Adriatic Sea in Italy and Slovenia where the noise level increases by more than 3%.

To summarize, this microseismic event lasted almost 2 days, induced a change in noise level and in the frequency content of the noise detectable locally around the Adriatic Sea in Italy and Slovenia, but not elsewhere in Europe. 

Stationarity coefficient map for the June 18 event

The second event occurred on June 18th around 4pm. In contrast to the previous example, it is not associated with a significant change in the amplitude of the noise level at station IV.NRCA (Figure 2.6, bottom panel). As shown in the spectrogram of Figure 2.6, usually between 0.6 and 0.8Hz, the noise energy decreases with frequency, except on June 18 when a local maximum of energy is observed. However, the absolute noise level varies little, the This change in the shape of the noise spectrum induces a decrease in the stationarity coefficient measured on the Adriatic coast of Italy as shown in Figure 2.6a. Elsewhere in Europe, the noise is stationary, the stationarity coefficient remaining above 0.96 except around the Aegean Sea. However, this event is not associated with a significant change in noise level, so at the European stations the noise level is similar on June 18 and during the previous 10 days (Fig 2.6b). This illustrates the stationary coefficient allows to detect events that are not clearly visible on the absolute noise level, but that are nevertheless likely to affect the noise correlations waveform.

Stationarity of the noise field at the scale of Europe

In this section, we seek to quantify to what extent the noise wavefield is stationary at the scale of Europe. In particular, we wish to identify lateral variations in the dynamics of the seismic noise wavefield that could affect seismic waves velocity variations measurements (δv/v) obtained from seismic noise correlations.

On Fig. 2.7, we present the percentage of time where the stationarity coefficient is less than 0.98 in the 0.5-0.7Hz frequency band during the months of January (left panel) and July (right panel). First of all, we observe larger values in July than in January indicating the seismic noise is more unstable in summer than in winter. In January, the wavefield is extremely stable on the north of the Alps, especially in France, Germany, Holland, and Romania. On the contrary, the stationarity coefficient is lower than 0.98 more than 20% of the time around the Aegean Sea and in Italy along the Mediterranean and Adriatic coasts. This means that there is a particular dynamic in the Aegean and Adriatic seas generating microseismic events that are detected between 0.5 and 0.7Hz. The fact that these two seas are almost closed areas may explain this particular dynamic by favoring coastal reflections.

This contrast between Italy, Greece, and the rest of Europe is more significant in July (Fig 2.7,right panel). The stationarity coefficient is below 0.98 more than 30% of the time around the Aegean Sea, the Adriatic Sea, but also in the south of France along the Mediterranean coast. Conversely, few events are detected elsewhere in Europe.

This indicates that there is a particular dynamic off the southern coast of Europe that generates high frequency (> 0.4Hz) microseismic noise, especially in the Adriatic and Aegean seas that are enclosed spaces. These high-frequency events are visible mainly along the southern coastline of Europe and attenuate rapidly so that they are not detected further away on the continent. The number of detected events is larger during the summer than during the winter (Fig 2 .7). It is difficult to say whether this is because microseismic noise coming from the North Atlantic has less energy in summer than in winter (Fig 2 .2) which reveals the dynamics of the Mediterranean, or whether the Mediterranean is indeed more active in summer than in winter. 

Dynamic of the seismic noise and convergence of autocorrelations coda waves

Central Italy and Greece are amongst the most seismic areas in Europe so there is a particular interest to follow the spatial-temporal evolution of the mechanical properties of the earth's crust related to the seismic cycle in these regions. Seismic noise (auto)correlations coda waves offer a unique opportunity way to measure the evolution of seismic wave velocity (δv/v) over time [START_REF] Brenguier | Postseismic relaxation along the san andreas fault at parkfield from continuous seismological observations[END_REF]. Measuring the δv/v on several frequency bands allows in theory to measure the changes at different crustal depths. However, in southern Europe, above 4s of period, seasonal variations in the distribution of noise sources create apparent velocity variations that are strong enough to mask the dynamics of the crust. Thus several studies such as [START_REF] Poli | Seasonal and coseismic velocity variation in the region of l'aquila from single station measurements and implications for crustal rheology[END_REF] and [START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF] focus specifically on the 1-2s period band. Measuring the δv/v at different lapsetime makes it then possible to assess at least qualitatively the depth of the detected changes in the crust [START_REF] Obermann | Imaging preeruptive and coeruptive structural and mechanical changes of a volcano with ambient seismic noise[END_REF][START_REF] Obermann | Seismic noise correlations to image structural and mechanical changes associated with the mw 7.9 2008 wenchuan earthquake[END_REF][START_REF] Poli | Seasonal and coseismic velocity variation in the region of l'aquila from single station measurements and implications for crustal rheology[END_REF].

To monitor the temporal evolution of the medium using seismic noise correlations coda waves, ideally, we would like the noise sources to be stable over time so that changes in the coda would reflect only changes in the medium and would not be biased by changes in the distribution of the noise sources. However, we have seen that between 1-3s the seismic noise field exhibits seasonal variations and that moreover microseismic events lasting several hours up to a few days are regularly detected around the Adriatic and the Aegean Seas. They can represent up to 30% of the records around the Adriatic coast.

We now quantify to what extent these microseismic events and more generally the dynamic of the seismic noise impacts the speed at which the coda of the correlations converge and thus affect the temporal resolution at which changes in the crust can be detected. To monitor the temporal evolution of the crust, the most common approach is to evaluate the relative change in velocity over time by comparing coda waves of a reference correlation with a set of correlations computed with a sliding window of N-days.

Noise correlations coda waves emerge from a constructive averaging process so that the signal-to-noise ratio of the coda waves depends on the amount of data used to compute the correlations [START_REF] Sabra | Surface wave tomography from microseisms in southern california[END_REF]; [START_REF] Weaver | Fluctuations in diffuse field-field correlations and the emergence of the green's function in open systems[END_REF]. [START_REF] Weaver | On the precision of noise correlation interferometry[END_REF], have shown that when the stretching method is used to infer velocity changes, the root mean square of the errors of the estimate of the relative velocity change between a reference correlation and a N-days (auto)correlations is proportional to

√ 1-C 2 2C
, where C is the correlation coefficient between the reference and the N-days correlation. Hence, the accuracy of the dv/v measurements increases with the correlation coefficient between the reference and the N-day correlations. This correlation coefficient C depends on several factors, amongst which the amount of data used to compute the correlations, the dynamic of the seismic noise wavefield, the attenuation and scattering properties of the medium.

To quantify the precision of the dv/v measurements, we study how C varies spatially when considering 1-day and 20-days auto-correlations. We study specifically the 2-3s period band which is particularly interesting for monitoring studies of southern Europe, longer periods measurements being contaminated by seasonal changes of the source. We consider specifically auto-correlations to avoid any influence of varying inter-station distance. We study separately the convergence of autocorrelations computed at each European station in summer (July-August) and winter (January-February), and we consider two different time windows in the coda: 5-25s which correspond to the beginning of the coda and to a single scattering regime and 20-40s where coda waves are closer to a multiple scattering regime.

More precisely, for each station, we compute daily auto-correlations in the summer and in winter. For each season, we define a reference auto-correlation that is the correlations averaged over the considered season (2 months). To evaluate the average correlation coefficient between N-days auto-correlations and the reference, we select randomly N daily auto-correlations that are then normalized to one and stacked to obtain an N-day auto-correlation. We then compute the correlation coefficient between this N-days autocorrelation and the reference auto-correlation for two different time windows: 5-25s and 20-40s. This procedure is repeated 10 times and we average the result to obtain the average correlation coefficient between N-days auto-correlations and the reference. Here we show the result obtained for daily auto-correlations (N=1) and 20-day auto-correlations (N=20).

Results for the 5-25s time window

We present the results obtained for the 5-25s (beginning of the coda) and the 20-40s time window on Figure 2.8 and 2.9 respectively. The bottom panel of Fig 2.8 shows an example of auto-correlation computed at station IV.NRCA and filtered between 2s and 3s period, with the 2-25s coda window shaded in yellow. We note immediately a strong correlation between the results presented on Figure 2.7 and Figure 2.8a,b: the average correlation coefficients calculated between daily auto-correlations and the reference are strongly correlated to the percentage of time where the stationarity coefficient is less than 0.98 (Figure 2.7). This is true for the winter (Figure 2.8a) and in the summer (Figure 2.8b). In winter, the average correlation coefficient is close to 1 in France, Germany, the Netherlands, and Romania, where the stationarity coefficient is greater than 0.98 more than 95% of the time. Conversely, around the Adriatic Sea, the coda of daily auto- In summer, we observe a contrast between the Mediterranean coast and the rest of Europe: the average correlation coefficients are close to 1 everywhere in Europe except along the Mediterranean and Adriatic coast where we observe correlation coefficients between 0.2 and 0.7s. This result is directly correlated with the stationarity coefficient analyses presented in Figure 2.7: the areas where high-frequency microseismic events are detected are those where the daily auto-correlation coda differs the most from the coda averaged over the season.

Considering 20-day autocorrelations, the correlation coefficient becomes more spatially homogeneous both in winter and in summer (Figure 2.8c,d). However, we still observe the imprint of the dynamic of the noise sources on the convergence speed of the autocorrelations coda waves: the average correlation coefficient between 20-day correlations and the reference, is close to one in Western Europe during the winter, whereas it is close to 0.8 only during the summer. In other words, the noise wavefield is less stationary during the summer than the winter (Fig. 2.7) which slows down the convergence of the auto-correlations coda waves.

Results for the 20-40s time window

As we go into larger lapse-time, coda waves are more scattered by the medium heterogeneities, so we expect to lose gradually the imprint of the source. This could reveal the influence of the later variations of the crust on the convergence speed of the coda waves, [START_REF] Lu | Mapping the seismic noise field in europe: spatio-temporal variations in wavefield composition and noise source contributions[END_REF] have shown that the wavefield is more random in the Alps which constitute a highly heterogeneous medium. However, as shown on Figure 2.9, we do not observe a clear correlation between the convergence of the coda waves and the geology: despite the Earth's crust in the Alps and the Apennines is thought to be highly heterogeneous, it does not improve the convergence of the coda waves at least in the 20-40s lapse time window.

On the other hand, the influence of the dynamic of the seismic noise wavefield is still clearly visible and is twofold. Firstly, the convergence of the auto-correlations coda waves depends strongly on the season. Considering 20-day auto-correlations (Figure 2.9c,d) we get larger correlation coefficients during the winter when the frequency content of the noise is more stable than in summer. This is especially true in Western Europe (France and Italy) where we get an average correlation coefficient greater than 0.9 in winter and less than 0.7 in summer. Secondly, during the winter and the summer, we observe lateral variations. With daily auto-correlations (Figure 2.9a), we observe a contrast between Western and Eastern Europe, the average correlations coefficient with the reference being greater than 0.5 in Eastern France and Switzerland, and less than 0.4 in Romania, Greece, Slovenia, and Italy along the Adriatic coastline. This lateral variation remains clearly visible during the winter when considering 20-day correlations (Figure 2.9c): the correlation coefficients are larger than 0.9 in France and Italy whereas they are less than 0.7 in eastern Germany, Romania, and Greece. 

Temporal resolution for monitoring studies in the 2-3s period band

We now look at the extent to which the dynamics of the seismic noise, and in particular the microseismic activity around the Adriatic and Aegean seas limits the temporal resolution with which it is possible to measure velocity changes between 2 and 3s. To that end, we map the spatial variation of the smallest number of days N for which the average correlation coefficient C between an N-day auto-correlation and a 2-month reference autocorrelation is greater than or equal to a given threshold (Figure 2.10). With the reference auto-correlation being averaged over 60 days, we explore numbers of days N ranging from 1 to 59. If at a given station, on average the auto-correlations of 59 days have a correlation coefficient lower than the chosen threshold, we do not represent this station on Figure 2.10.

On Figure 2.10a,b we represent the number of days N required to get a correlation coefficient C of 0.95 considering the coda time window 5-25s. When measuring relative velocity changes δv/v with the stretching method, a correlation coefficient of 0.95 over the time window 5-25s between 2 and 3s of period implies that the error on the estimate of the relative velocity changes has a root mean square of 0.07% [START_REF] Weaver | On the precision of noise correlation interferometry[END_REF]. This may seem large, as the velocity changes associated with large magnitude earthquakes and the hydrological cycle are of the order of 0.1% (Sens-Schönfelder and [START_REF] Sens-Schönfelder | Passive image interferometry and seasonal variations of seismic velocities at merapi volcano, indonesia[END_REF][START_REF] Brenguier | Postseismic relaxation along the san andreas fault at parkfield from continuous seismological observations[END_REF][START_REF] Zaccarelli | Variations of crustal elastic properties during the 2009 l'aquila earthquake inferred from crosscorrelations of ambient seismic noise[END_REF][START_REF] Chen | Distribution of seismic wave speed changes associated with the 12 may 2008 mw 7.9 wenchuan earthquake[END_REF][START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF][START_REF] Mao | Space-time monitoring of groundwater fluctuations with passive seismic interferometry[END_REF]. This is due to the fact that we consider measurements made at a single station over a relatively small time window (5-25s). In winter, the convergence speed of the auto-correlation in the 5-25s time window is faster in France (N < 5 days) than further east in Germany, Switzerland, and Italy (N > 15 days). At most sites in Greece, the convergence of the correlation is too slow to obtain a correlation coefficient of greater than 0.95 by averaging the auto-correlations over less than 60 days. In summer the speed of convergence decreases as the noise field is less stationary so at most sites in Europe it is not possible to obtain a correlation coefficient C of 0.95.

The figures 2.10c,d represent the number of days N needed to obtain on the 5-25s time window a correlation coefficient C of 0.8. This corresponds to an RMS of the dv/v measurement errors of 1.6%. Considering a lower value of C allows us to obtain values at all stations in summer and winter. In winter the results are different than with C = 0.95: there is no more an East-West gradient as previously. There is little spatial variation: it takes less than 3 days in the North West and South East of Europe (France, Germany, Greece) to obtain a correlation coefficient of 0.8. On the contrary, it takes more than 3 days in Italy, Austria, and Slovenia. In summer, the spatial variation of the number of days relates directly to the percentage of time for which the stationarity coefficient is lower than 0.98 (Figure 2.7): the coda of correlation converges more slowly in Greece, Italy, on the south coast of France (N > 5 days) where short period microseismic events are detected, and the convergence is faster on the rest of the continent (N < 2 days) where the noise is more stationary.

The speed of convergence of the auto-correlations coda waves over the 20-40s time window for C = 0.7 corresponding to a RMS of the δv/v measurement errors of 1.1%, is similar to the result obtained between 5-25s and a C = 0.95: we find an East-West contrast in winter, while in summer most sites do not converge in less 60 days (Figure 2.10,e,f). These results indicate that the evolution of noise sources over time, the interaction between the North Atlantic and the southeastern Mediterranean source region and its seasonal variations, and the dynamics of sources on smaller time scales in the Adriatic and Aegean Seas, limits the convergence speed of the noise auto-correlations coda waves and thus the temporal resolution of monitoring studies. The impact of local noise sources along the coast limits the temporal resolution specifically on the 5-25s coda window in summer. Seasonal variations in seismic noise affect the two-time windows 5-25s and 20-40s, the convergence being slower in summer than in winter for both time windows. Thus, even when going further into the coda, the imprint of the source dynamics is still visible.

In winter as in summer, there is a West-East gradient, the temporal resolution of the δv/v measurements decreasing towards the East.

Conclusion

The aim of this work was to study the relationship between the dynamics of the noise field across Europe and the convergence speed of noise auto-correlation coda waves. It shows that the accuracy and temporal resolution with which it is possible to detect changes in the medium at 2s period presents strong seasonal and lateral variations that depend on the time window which is analyzed.

The noise level maps computed using all available broadband seismic stations in Europe in 2021, complemented by temporary stations from the Pyrope and IbeArray networks, show strong seasonal variations at 2s periods and a clear increase in noise level near the Atlantic and Mediterranean coast. This suggests that the seismic noise originates simultaneously from the Mediterranean Sea and the Atlantic Ocean and attenuates as it propagates across the continent (Figure 2.2).

To study the dynamics of the noise field, we introduce a proxy that quantifies the nonstationarity of the frequency content of the noise independently of its amplitude. It shows that in the regions mainly influenced by the North Atlantic Ocean, the frequency content is stable over time which is favorable for monitoring the earth's crust (Figure 2.7).

Conversely, this proxy allows us to detect short periods microseismic events originating from the southeast of the Mediterranean Sea. This highlights that, unlike the North Atlantic Ocean, the Mediterranean sources are intermittent and generate an unstable wavefield over time (Figure 2.5, 2.6).

Noise level maps and noise stationary maps (Figure 2.2,2.7) show that the dynamics of the seismic noise operate on two distinct time scales that modulate the speed of convergence of correlations coda waves. First, the noise field evolves seasonally: this results in seasonal changes in the noise level, but also in the relative influence zones of the Atlantic Ocean and the Mediterranean Sea. In addition, there are dynamics on a smaller time scale of the order of hours to days related to the intermittent generation of short-period noise by the Adriatic and Aegean Seas, which are closed areas.

The contribution of these two main areas and the existence of these two-time scales imply that the convergence speed of the correlation coda waves varies spatially and that this spatial variation itself depends on the season and the lag time considered. The beginning of the coda is the most sensitive to the dynamics of the noise sources over short times, and its convergence speed directly reflects the lateral variations of the noise non-stationarity (Figure 2.7, 2.8). At longer times, over the 20-40s coda window, convergence is slower, and the influence of Mediterranean dynamics is weaker, but there remains a strong contrast between Western Europe where convergence is faster while as one moves away from the Atlantic Ocean, the convergence of correlations slows down (Figure 2.9).

To summarize, this study shows that the spatial and temporal variability of the noise sources determines to first order the accuracy and temporal resolution with which it is possible to detect changes in the crust at 2s of period, while lateral variations of scattering properties have less influence. In particular, the influence of strong heterogeneities of the alpine crust on the convergence speed of the coda is not clearly seen. 

Origin of data
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Chapter 3

Seasonal variations on seismic velocities measurements in Greece1 

Abstract

Monitoring groundwater levels in aquifers is crucial for water resources management on a global scale. In Greece, water stress is particularly high due to increased tourism, urbanization and expansion of agricultural land leading to aquifer over-exploitation.

In this study, we investigate the possibility of monitoring groundwater reservoirs from the evolution of seismic wave velocity (δv/v) measured using seismic noise autocorrelations. The results obtained at short periods (0.5-3s) indicate that in several regions, seismic wave velocity varies according to an annual cycle mainly controlled by aquifer loading and discharge. We also predict seismic velocity variations from a simple model using precipitation records. In addition, this model provides a proxy for the characteristic time of aquifer discharge rate and allows us to distinguish shallow alluvial aquifers from deep karst systems.

Finally, we study the effect of water pumping on groundwater reservoirs.

To that end, we combine GPS, hydraulic heads and velocity variations measurement. The results indicate that confined and unconfined aquifers respond differently. While for unconfined aquifers, pumping water implies an uplift of the surface, we show that for confined aquifers a subsidence occurs, due to the consolidation of the sediments at depth. Being an in-situ and volumetric measurement, the δv/v is primarily sensitive to the amount of water stored in the entire aquifer system, whereas GPS measurements provide the deformation at the surface induced by both deep sediment compaction and water level variations. These observations show that GPS, hydraulic head, and δv/v are complementary tools to monitor aquifers.

Introduction

Worldwide, aquifers are essential groundwater reservoirs for agriculture, residential and industrial activities. In the Mediterranean basin, aquifers are the main exploitable resource for drinking water supply and agriculture. The increasing demands of the last decades conduct to excessive exploitation of groundwater resources. This may lead either to the depletion of aquifers, or to their contamination by seawater and agricultural pollutants. Currently, Greece is ranked 26th in the world among the countries most affected by water stress [START_REF] Heggie | Preventing a water crisis in greece, national geographic[END_REF]. Its freshwater supply depends mainly on groundwater, with over 300.000 wells throughout the country [START_REF] Daskalaki | Groundwater quality of porous aquifers in greece: a synoptic review[END_REF]. Intense urbanization, the development of tourism, and the expansion of agricultural land attend to intensive exploitation of water resources, especially from April to October, which are the most critical months. Currently, agriculture represents the main demand for water and covers about 86% of the total water consumption [START_REF] Daskalaki | Groundwater quality of porous aquifers in greece: a synoptic review[END_REF][START_REF] Mimikou | Water resources in greece: present and future[END_REF]. Thus, studying the temporal monitoring of these resources has become essential from a societal and an ecological perspective.

Several geophysical tools allow to characterize the state and dynamics of aquifers. Direct measurements of the hydraulic heads provide in situ measurements of groundwater levels. These measurements are punctual in space and cannot provide a global view of the dynamics of large aquifer systems. GPS and InSAR measure surface deformation with high temporal and spatial resolution, but cannot detect processes that do not affect the surface nor constrain the depth of perturbations [START_REF] Riel | Quantifying ground deformation in the los angeles and santa ana coastal basins due to groundwater withdrawal[END_REF][START_REF] Amos | Uplift and seismicity driven by groundwater depletion in central california[END_REF][START_REF] Chen | Global water vapor variability and trend from the latest 36 year (1979 to 2014) data of ecmwf and ncep reanalyses, radiosonde, gps, and microwave satellite[END_REF][START_REF] Ji | Correlation between changes in groundwater levels and surface deformation from gps measurements in the san gabriel valley, california[END_REF][START_REF] Bawden | Tectonic contraction across los angeles after removal of groundwater pumping effects[END_REF][START_REF] Lanari | Satellite radar interferometry time series analysis of surface deformation for los angeles, california[END_REF][START_REF] Borsa | Ongoing drought-induced uplift in the western united states[END_REF][START_REF] Argus | Seasonal variation in total water storage in california inferred from gps observations of vertical land motion[END_REF]. Gravimetric measurements from satellites such as GRACE, can be used to track changes in the amount of water stored in aquifers on a large scale but with limited spatial (hundred kilometers) and temporal (monthly) resolution [START_REF] Rodell | Satellite-based estimates of groundwater depletion in india[END_REF][START_REF] Frappart | Monitoring groundwater storage changes using the gravity recovery and climate experiment (grace) satellite mission: A review[END_REF].

Recently, the use of seismic noise correlations to monitor seismic velocity (δv/v) in time and space has shown to be a promising tool for monitoring aquifer evolution [START_REF] Clements | Tracking groundwater levels using the ambient seismic field[END_REF][START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF][START_REF] Mao | Space-time monitoring of groundwater fluctuations with passive seismic interferometry[END_REF][START_REF] Vidal | Hydrological effects on seismic-noise monitoring in karstic media[END_REF], and more generally to detect velocity changes in the crust [START_REF] Wegler | Fault zone monitoring with passive image interferometry[END_REF][START_REF] Brenguier | Postseismic relaxation along the san andreas fault at parkfield from continuous seismological observations[END_REF]. This method consists in repeatedly extracting the Green's function of the medium between pairs of receivers in (ideally) a dense array by correlating the ambient noise records. Seismic noise wave velocity change within the medium can be tracked by analyzing the coda part of the reconstructed Green's function. By using noise correlations filtered in different period bands and/or by analyzing different coda time windows, different depths can be monitored ranging from a few meters (Sens-Schönfelder and [START_REF] Sens-Schönfelder | Passive image interferometry and seasonal variations of seismic velocities at merapi volcano, indonesia[END_REF][START_REF] Hillers | Seasonal variations of seismic velocities in the san jacinto fault area observed with ambient seismic noise[END_REF] to the middle and lower crust [START_REF] Froment | Deformation at depth associated with the 12 may 2008 mw 7.9 wenchuan earthquake from seismic ambient noise monitoring[END_REF][START_REF] Rivet | Insights on the long-term activity of piton de la fournaise volcano from noise-based seismic velocity changes measurements[END_REF][START_REF] Obermann | Seismic noise correlations to image structural and mechanical changes associated with the mw 7.9 2008 wenchuan earthquake[END_REF][START_REF] Wang | Evidence of changes of seismic properties in the entire crust beneath japan after the m w 9.0, 2011 tohoku-oki earthquake[END_REF][START_REF] Poli | Seasonal and coseismic velocity variation in the region of l'aquila from single station measurements and implications for crustal rheology[END_REF].

The evolution of seismic wave velocity reflects changes in the mechanical properties of the crust that can be induced by changes in the stress field, fluid content, or by rock damage for instance. Thus, a variety of processes can induce velocity changes, such as long-term post-seismic relaxation following earthquakes and deep creep in fault zone [START_REF] Brenguier | Postseismic relaxation along the san andreas fault at parkfield from continuous seismological observations[END_REF][START_REF] Froment | Deformation at depth associated with the 12 may 2008 mw 7.9 wenchuan earthquake from seismic ambient noise monitoring[END_REF][START_REF] Hillers | Seismic velocity change patterns along the san jacinto fault zone following the 2010 m 7.2 el mayor-cucapah and m 5.4 collins valley earthquakes[END_REF][START_REF] Zaccarelli | Variations of crustal elastic properties during the 2009 l'aquila earthquake inferred from crosscorrelations of ambient seismic noise[END_REF], slow slip events in subduction zone [START_REF] Rivet | Seismic evidence of nonlinear crustal deformation during a large slow slip event in mexico[END_REF], and volcanic eruptions [START_REF] Wegler | Fault zone monitoring with passive image interferometry[END_REF][START_REF] Brenguier | Postseismic relaxation along the san andreas fault at parkfield from continuous seismological observations[END_REF][START_REF] Brenguier | Monitoring volcanoes using seismic noise correlations[END_REF][START_REF] Obermann | Imaging preeruptive and coeruptive structural and mechanical changes of a volcano with ambient seismic noise[END_REF]. However, the evolution of seismic wave velocity in the crust is not only related to tectonic processes and can also result from environmental changes such as precipitation (Sens-Schönfelder and [START_REF] Sens-Schönfelder | Passive image interferometry and seasonal variations of seismic velocities at merapi volcano, indonesia[END_REF][START_REF] Meier | Detecting seasonal variations in seismic velocities within los angeles basin from correlations of ambient seismic noise[END_REF][START_REF] Tsai | A model for seasonal changes in gps positions and seismic wave speeds due to thermoelastic and hydrologic variations[END_REF][START_REF] Hillers | Seismic velocity variations at tcdp are controlled by mjo driven precipitation pattern and high fluid discharge properties[END_REF], thermoelastic stresses [START_REF] Meier | Detecting seasonal variations in seismic velocities within los angeles basin from correlations of ambient seismic noise[END_REF][START_REF] Hillers | Seasonal variations of seismic velocities in the san jacinto fault area observed with ambient seismic noise[END_REF], and even atmospheric pressure [START_REF] Silver | Active source monitoring of cross-well seismic travel time for stress-induced changes[END_REF].

Monitoring aquifers using seismic noise correlations is particularly interesting since seismic waves provide an in situ and volumetric measurement of the elastic properties of the medium, and are sensitive to changes in pore pressure, porosity, saturation, and density, as well as the presence of microcracks. Therefore, δv/v measurements are complementary to other geophysical tools such as GPS/INSAR which measure surface deformation, and hydraulic head measurements which provide spatially sparse measurements of water level.

A change in hydraulic loading affects seismic velocities primarily through 1) the elastic response of the crust due to the change in water-loading pressure which can also subside the surface [START_REF] Faunt | Water availability and land subsidence in the central valley, california, usa[END_REF][START_REF] Galloway | Land subsidence in the United States[END_REF] and 2) the poroelastic response induced by recharge of the internal porous soil structure of the aquifer [START_REF] Galloway | Regional land subsidence accompanying groundwater extraction[END_REF][START_REF] King | Space geodetic observation of expansion of the san gabriel valley, california, aquifer system, during heavy rainfall in winter 2004-2005[END_REF][START_REF] Bettinelli | Seasonal variations of seismicity and geodetic strain in the himalaya induced by surface hydrology[END_REF][START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF][START_REF] Overacker | Vertical land motion of the high plains aquifer region of the united states: Effect of aquifer confinement style, climate variability, and anthropogenic activity[END_REF].

Silverii et al. ( 2016) have used the GPS data in the Apennines to show that the multiyear hydrologic cycle associated with the recharge and discharge phase of the karst aquifer modulates extensional deformation by 3 mm/yr. The vertical component exhibits seasonal and multiyear signals reflecting the elastic response of the lithosphere to variations in surface water loads. While the horizontal motions record an expansion/contraction poroelastic effect in the aquifer [START_REF] Amoruso | Correlation between groundwater flow and deformation in the fractured carbonate gran sasso aquifer (infn underground laboratories, central italy)[END_REF][START_REF] Chaussard | Predictability of hydraulic head changes and characterization of aquifer-system and fault properties from insar-derived ground deformation[END_REF][START_REF] Ojha | Groundwater loss and aquifer system compaction in san joaquin valley during 2012-2015 drought[END_REF][START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF][START_REF] Silverii | Transient deformation of karst aquifers due to seasonal and multiyear groundwater variations observed by gps in southern apennines (italy)[END_REF]. Finally, this hydrologic forcing associated with karst aquifer recharge induces measurable surface deformation up to 50 nanostrain per year (D'Agostino (2014)).

If Greece is one of the countries of the Mediterranean basin to be particularly affected by water stress, it is also one of the most seismic areas in Europe with more than 15000 earthquakes detected each year (from Institute of Geodynamics, NOA, [START_REF] Ktenidou | Seismic monitoring and analysis -catalogues[END_REF]). Earthquakes occur on fault systems due to long-term stress accumulation and transient triggering mechanisms. However, our current understanding of earthquake preparation, nucleation, and consequences on crustal properties is still limited. Using noise correlation to monitor the spatio-temporal evolution of crustal mechanical properties could also provide new insight into the seismic cycle. To determine seismic wave velocity variations specifically related to tectonic processes, it is necessary to be able to correct the δv/v measurements for the contribution of environmental factors and the hydrologic cycle. The use of noise correlations to monitor aquifers is therefore useful for studying the hydrologic cycle in itself and indirectly for identifying changes in the crust related to tectonic processes [START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF].

In this study, we assess the possibility of using seismic noise correlations to characterize the evolution of aquifers across Greece where two types of aquifers coexist: karst aquifers, which are mainly found in carbonate rocks that cover about 35% of the country; and aquifers located in alluvial layers dating from the Neogene and Quaternary. To that end, we use all publicly available broadband seismic stations to track changes in seismic velocity in the 1-3s period band. The manuscript is organized as follows: section 2 describes the dataset used and how seismic velocity variations are measured from noise correlation. We show in section 3, that in specific regions, the seismic velocity changes with the season. Using 495 weather stations, we show in section 4 that at some sites, the observed δv/v can be predicted from precipitation. Assuming a simple linear reservoir model, this allows us to estimate the discharge rate at each site. Finally, we specifically study how water pumping for agriculture and industry induces seismic wave velocity variations in two cases: an unconfined aquifer in Crete and a confined aquifer in Thessaly.

Data Processing

Seismological stations

Our aim is to measure relative seismic velocity changes (δv/v) in the upper crust in Greece. To that end, we use continuous vertical noise records at all publicly available permanent broadband seismic stations in Greece from January 2010 to March 2022. This includes the data of 90 stations as shown on Figure 3.1. The stations used are ideally distributed across Greece with a higher density around the Gulf of Corinth thanks to the dense Corinth Rift Laboratory Network. This makes this data set particularly well suited to study the evolution of the seismic wave velocity with a decent spatial and temporal resolution. 

Data processing and noise correlations

We processed the noise records in the following way: first, the data were corrected from the instrumental response and decimated to 5 Hz. To downweight the contribution of energetic signals, such as glitches, earthquakes, or oceanic storms, the amplitude of the records is normalized in the time domain, by dividing them by their envelope in the 1-3s period band. This is similar to the "comb-filter" used by [START_REF] Soergel | Coda-q in the 2.5-20 s period band from seismic noise: application to the greater alpine area[END_REF] and [START_REF] Nouibat | Lithospheric transdimensional ambient-noise tomography of w-europe: implications for crustal-scale geometry of the w-alps[END_REF].

For each station, we compute the auto-correlation of the normalized vertical records using a sliding window of 4 hours. Instead of analyzing these 4 hours correlations, we consider 60-day-stacked correlations to increase the signal-to-noise ratio. The n-daystacked correlations were obtained by stacking the 4 hours correlations with a sliding window of n days that is shifted by 5 days. In the following, we consider that these auto-correlations are an approximation of the Green's function.

Computing δv/v using the stretching method

Our goal is to measure the temporal evolution of the seismic wave velocity across Greece using noise auto-correlations. We use specifically coda waves in the 15-55s time window since coda waves are more sensitive to weak changes in the medium than direct waves [START_REF] Froment | Estimation of the effect of nonisotropically distributed energy on the apparent arrival time in correlations[END_REF].

In order to get the highest quality measurements we choose to use the stretching method [START_REF] Lobkis | Coda-wave interferometry in finite solids: Recovery of p-to-s conversion rates in an elastodynamic billiard[END_REF][START_REF] Sens-Schönfelder | Passive image interferometry and seasonal variations of seismic velocities at merapi volcano, indonesia[END_REF]; which is less sensitive to noisy data than the doublet method [START_REF] Hadziioannou | Improving temporal resolution in ambient noise monitoring of seismic wave speed[END_REF]. For each station, we first define a reference auto-correlation which is the correlation averaged for the whole period 2010-2022. We then track medium changes by comparing each 60-day auto-correlation with the reference auto-correlation.

Assuming a spatially homogeneous change in the medium velocity, the relative velocity change δv/v at a given date is the stretching coefficient = δv/v that has to be applied to the auto-correlation corresponding to this date to maximize its similarity with the reference auto-correlation. This stretching coefficient is determined by a grid search. Ideally, the correlation coefficient between the current and the reference auto-correlation should be close equal to one. A value less than one indicates a change in the noise sources or in the scattering properties of the medium [START_REF] Hadziioannou | Improving temporal resolution in ambient noise monitoring of seismic wave speed[END_REF]. As explained in the previous section, the δv/v s were computed with a sliding window of 60 days in the 1-3s period band. In this period band, coda waves are mostly sensitive to shallow depths of the order of 1-2km.

Example of δv/v measurements in the Gulf of Corinth

At both stations, we observe relative change of velocity of the order of ±0.1%. However, the temporal evolution of the velocity is clearly different at both sites. At MALA, the evolution of the seismic velocity is dominated by a seasonal pattern, the velocity being larger during the winter and lower during the summer. By contrast, at AGRP no clear seasonal variation of the seismic wave velocity is observed.

This example indicates that δv/v measurements can vary spatially over distances of the order of ten kilometers and that in some specific locations, the measurements are dominated by seasonal variations. 

Seasonal variations of the seismic velocities in Greece

We have seen in the previous section that at station CL.MALA located in the Gulf of Corinth, the temporal evolution of the seismic velocity measured on coda waves in the 1-3s period band is dominated by seasonal variations. In this section, we further attempt to characterize and understand the origin of these seasonal variations at the scale of Greece. We first determine in which regions the evolution of the seismic wave velocity is dominated by seasonal variations.

To that end, we compute the δv/v at each station as described in section 3.2.3. Following [START_REF] Wang | Seasonal crustal seismic velocity changes throughout japan[END_REF], we quantify the magnitude of the seasonal variations by calculating a seasonality coefficient. For each seismological station, we compare the annual δv/v between 2010 and 2021 by computing a correlation coefficient between the δv/v measured each year (Fig. 3.3). We define the seasonality coefficient as an average of all these correlations coefficients :

SC = 1 N 2019 i=2010 2020 j=i+1 cov(δv/v i , δv/v j ) σ i σ j (3.1)
where SC is the seasonality coefficient obtained at a given station for a given period band,
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σ i and σ j are the variances of the δv/v measured for the year i and j respectively. A value close to 1 indicates that the δv/v calculated each year are similar and thus dominated by seasonal variations. Conversely, low values indicate that the δv/v is not dominated by seasonal variations.

An example of measurement done at the station MALA is provided in Fig. 3.3. The upper panel presents the δv/v measured from 2014 to 2020 in the 1-3s period band. The lower panel shows the δv/v measured each year superimposed on each other. Each year, the δv/v measured at the station MALA in the 1-3s period band evolve in a similar way, the seismic velocities being lower in August than in January. For this particular station, we obtain a seasonality coefficient of 0.85 which confirms that the evolution of the seismic wave velocity is dominated by variations having a period of one year. We map the δv/v seasonality coefficient by interpolating the value obtained at each station using a natural neighbor interpolation. Figure 3.4 shows the results obtained in the 1 -3s period band. The map indicates that δv/v measurements are not dominated by seasonal variations everywhere in Greece. Instead, specific regions are associated with a seasonality coefficient greater than 0.6, indicating that they exhibit seasonal variations: a) the northern part of the Gulf of Corinth; b) the coastal part of the Peloponnese; c) the southeastern part of Crete; d) Thessaly region; e) East Macedonia and Thrace and, f) Western Macedonia. There is a first-order correlation between the regions where δv/v vary seasonally and the alluvial and karstic aquifers map from [START_REF] Margat | L'eau des méditerranéens: situation et perspectives[END_REF], which is shown in the background of Figure 3.4. 

Origin of the seasonal variations on the δv/v in Greece

Several factors could explain why the seismic wave velocity varies with the season in several regions in Greece, such as seasonal changes in the distribution of the seismic noise sources, the surface temperature, or the groundwater level. However, we do not believe that the two first explanations are relevant. Indeed, if the velocity variations measured on auto-correlations were only apparent changes due to seasonal changes in the distribution of noise sources we would expect them 1) to be similar at nearby stations and 2) to occur simultaneously at all stations. Yet, this is not the case in Greece. As shown in Figure 2, the δv/v obtained at nearby stations can vary greatly and the seasonal velocity changes do not occur simultaneously at all concerned stations (Figure 3.2 and in supplementary section S2). Thus it is unlikely that our observations can be explained only by the dynamics of the noise sources. et al. (2015), have highlighted that temperature changes can affect seismic velocities by inducing thermoelastic strain at shallow depths. In this case, the velocity changes are expected to decay with depth. However, as discussed in the Supplementary section (S3) we observe that in some regions, the seasonal variations of seismic velocities are larger in the 2-3s period band than between 1-2s. Assuming that the auto-correlations of coda waves are dominated by surface waves so that their depth sensitivity increases with the period, this rules out the possibility that our observations are explained by thermoelastic strain.

Instead, the primary cause of the seasonal δv/v variations observed in Greece is likely to be the annual hydrological cycles [START_REF] Tsai | A model for seasonal changes in gps positions and seismic wave speeds due to thermoelastic and hydrologic variations[END_REF][START_REF] Clements | Tracking groundwater levels using the ambient seismic field[END_REF][START_REF] Mao | Space-time monitoring of groundwater fluctuations with passive seismic interferometry[END_REF][START_REF] Poli | Seasonal and coseismic velocity variation in the region of l'aquila from single station measurements and implications for crustal rheology[END_REF][START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF] that are related to two main factors: natural rainfall and anthropogenic well pumping that depletes groundwater in summers.

Monitoring aquifers using δv/v and GPS measurements

Silverii et al. ( 2016) have shown, using GPS data in the Apennines, that the multiyear hydrological cycle associated with the phase of recharge and discharge of karst aquifer causes an extensional deformation of 3 mm/yr. The vertical deformation displays seasonal and multiyear variations reflecting the elastic response of the lithosphere to variations in surface water loads. This hydrological forcing associated with the recharge of karst aquifers induces a measurable surface deformation of up to 50 nanostrain per year (D'Agostino ( 2014)).

Unlike GPS measurements, δv/v is an in-situ measurement of the evolution of the mechanical properties of the crust that are affected by variations in pore pressure, porosity, saturation, density, and the presence of micro-cracks. Changes in groundwater level induced by precipitation or anthropogenic well pumping can cause variations in seismic velocities by two main mechanisms: the loading pressure exerted by the water can subside the surface, leading to an elastic response of the subsurface. In addition, by filling the open pore space between soil grains and thus increasing the pore pressure of the subsurface, precipitation induces a poroelastic response that can generate a local rise of the surface. In this case, an increase in the amount of water in the aquifer increases the pore pressure, which reduces the overall effective pressure, and thus the seismic wave velocity (Sens-Schönfelder and [START_REF] Sens-Schönfelder | Passive image interferometry and seasonal variations of seismic velocities at merapi volcano, indonesia[END_REF][START_REF] Hillers | Seismic velocity variations at tcdp are controlled by mjo driven precipitation pattern and high fluid discharge properties[END_REF].

The effect of rainfalls and well pumping on seismic velocities depends also on the nature of the considered aquifer. Confined aquifers such as the Las Vegas Basin [START_REF] Alley | Sustainability of ground-water resources[END_REF] or the Thessaly basin in Greece ('Th' on Fig. 3.4) are bounded by (relatively) impermeable layers. This prevents or delays the vertical flow of groundwater induced by precipitation.

Groundwater pumping in confined aquifers made of unconsolidated sediments causes a decrease of water pressure in the reservoir that results in sediment compaction [START_REF] Alley | Sustainability of ground-water resources[END_REF][START_REF] Salvi | Monitoring long-term ground deformation by sar interferometry: examples from the abruzzi, central italy, and thessaly, greece[END_REF][START_REF] Parcharidis | Seasonal ground deformation monitoring over southern larissa plain (central greece) by sar interferometry[END_REF]. This results in faster seismic velocities and a surface subsidence [START_REF] Faunt | Water availability and land subsidence in the central valley, california, usa[END_REF][START_REF] Galloway | Land subsidence in the United States[END_REF][START_REF] Bettinelli | Seasonal variations of seismicity and geodetic strain in the himalaya induced by surface hydrology[END_REF][START_REF] Overacker | Vertical land motion of the high plains aquifer region of the united states: Effect of aquifer confinement style, climate variability, and anthropogenic activity[END_REF]. By contrast, in unconfined aquifers, a decrease in the amount of groundwater, for instance, induced by anthropological pumping or evapotranspiration, induces a mass discharge that causes an uplift of the surface [START_REF] Overacker | Vertical land motion of the high plains aquifer region of the united states: Effect of aquifer confinement style, climate variability, and anthropogenic activity[END_REF]. 

Seasonal variation of rainfall in Greece

To assess whether precipitation may be driving the seasonality of velocity variations, we use 12 years of rainfall data collected by 494 weather stations distributed throughout Greece (Figure 3.1). As shown in figure 3.5a, precipitations are not homogeneous in Greece, but vary from 400 mm/year in the east to 1500 mm/year in the west. We present examples of rainfall records from 3 stations in the supplementary section (S4). Two of them exhibit seasonal variations (Pylos and Ios, located in the South Peloponnese and on the island of Santorini respectively) whereas there is no seasonal variation at the third one which is located in the Thessaly region. The seasonality coefficient obtained at each station is interpolated spatially using a natural neighbor interpolation. We observe that precipitations exhibit a clear seasonal behavior in the southwest part of Greece but not in the northeast region.

In order to determine in which region the precipitation exhibits an annual cycle, a seasonality coefficient for precipitation is computed in the same way as the δv/v measurement (section 3). We first smooth the precipitation records with a 2-month sliding window that reduces short-term fluctuations and highlights long-term variations. Then, a correlation coefficient is computed between the precipitation recorded each year from 2010 to 2021. For each weather station, the seasonality coefficient is defined as the average of these correlation coefficients.

The precipitation seasonality map is shown in Fig. 3.5b. Two areas can be clearly distinguished: the northeast part of Greece where the seasonality coefficient is lower than 0.3 indicating that precipitation does not vary according to the seasons (Western Macedonia and Thessaly). On the contrary, in the southwest part of Greece, the seasonality coefficient is greater than 0.8 meaning that the precipitation follows an annual cycle.

Comparing Fig. 3.4 and Fig. 3.5b, it is clear that the seasonality maps of δv/v and rainfall are not correlated. North of the Gulf of Corinth, in the western part of Peloponnese, in the central part of Crete the δv/v vary with the season, but not the precipitation. However, in the south of the Gulf of Corinth, locally in the Peloponnese and in the Cyclades, precipitation and velocity variations are both seasonal. In these areas, rainfall may be the driving force of the seasonal variations of the seismic velocity.

Can the seismic velocity seasonal variations be predicted from precipitations ?

In order to evaluate the effect of rain on the velocity of seismic waves, we use a simple linear reservoir model to estimate the water levels in the subsurface following the work of [START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF]. We assume that precipitation supplies water in the aquifer through a rapid process but also the aquifer loses water at a rate that is proportional to the water level. Energy is lost during the discharge resulting in an exponential decrease in water level after rainfall events [START_REF] Fiorillo | Tank-reservoir drainage as a simulation of the recession limb of karst spring hydrographs[END_REF], [START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF]).

The discharge rate Q(t) as a function of time t is then :

Q(t) = exp (-kt), (3.2) 
k is the proportionality coefficient between the rate at which the aquifer loses water and the water level. It is expressed in day -1 and represents the rate at which water flows out of the aquifer.

Moreover, we assume that the aquifer is recharged by precipitation through a rapid process, which is a valid assumption when considering mediums with a high permeability such as karsts or carbonates. Thus, the water level h(t) within the aquifer is expressed as a convolution between the daily precipitation P and the discharge rate Q :

h(t) = Q(t) ⊗ P (t), (3.3) 
where ⊗ denotes the convolution operator. In the case where the seismic velocity variations are influenced by the water level inside the aquifer, the velocity and water level variations should be correlated. Assuming a linear relationship between the velocity variations and the water level inside the aquifer, it is possible to predict velocity variations from precipitations similarly to [START_REF] Rivet | Improved detection of preeruptive seismic velocity drops at the piton de la fournaise volcano[END_REF]:

δv/v syn (t) =< δv/v(t) > + cov[δv/v(t), h(t)] var(h(t)) * h(t) (3.4)
There is a single free parameter k which is determined through a simple grid search by minimizing the misfit between the observed and predicted δv/v. The misfit function σ that we minimize is defined as :
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The chosen synthetic δv/v is the one associated with the parameter k which minimizes the difference between the observed and the synthetic δv/v.

3.4.3.1 Predicting δv/v from precipitation: an example where seismic velocities are positively correlated with precipitation

The MALA seismological station is located in the northwestern Gulf of Corinth, on the Mornos river's delta. This delta is made up of alluvium with an average thickness of about 50m (but could reach 100m in some places). The underlying layer is a flysch whose lower limit beneath the station reaches 350m. To the north of the delta, limestones are present. According to the various borehole logs [START_REF] Parcharidis | Time series synthetic aperture radar interferometry for ground deformation monitoring over a small scale tectonically active deltaic environment (mornos, central greece)[END_REF], limestones and flysch coexist at the same depth with a progressive north-south limestones-flysch gradient [START_REF] Louis | The contribution of geophysical methods in the determination of aquifer parameters: the case of mornos river delta, greece[END_REF]. In these formations, 3 aquifers co-exist: one in the alluvium, one in the flysch, and one in the karst system [START_REF] Louis | The contribution of geophysical methods in the determination of aquifer parameters: the case of mornos river delta, greece[END_REF])(Fig. 3.7). As explained in the previous section, we compute a synthetic δv/v from precipitation for different values of k ranging from 0 to 1, and for each k we compute the misfit between the observed and synthetic δv/v (see supplementary section S5). We present in figure 3.6c the synthetic δv/v obtained for the value of k which minimizes the misfit.

In this example, the best fit is obtained for k = 0.0167 day -1 corresponding to a characteristic time of 60 days (Fig. 3.6c). The correlation coefficient between the observed and synthetic δv/v is then 0.72 indicating it is possible to predict accurately the observed seismic velocity variation from rainfall records. This is consistent with the fact that the misfit function presents a clear global minimum (see Supplementary section S5). As shown in Figure 3.6c, both predicted and synthetic δv/v exhibit a clear annual cycle having an amplitude of 0.3%, the largest velocities being observed during winter. Assuming that in the 15-55s lapse time windows, coda waves are dominated by Rayleigh waves, we can estimate to which depth the δv/v measurements are sensitive. To this end, we compute Rayleigh sensitivity kernels at 0.5s, 1s, 2s, and 3s of period in a 1D layered medium that reflects the local geology (Fig. 3.7). The velocities Vp, Vs and the density of the rocks ρ have been chosen depending of the rock types according to the values obtained by [START_REF] Zhang | Petrologic composition model of the upper crust in bohai bay basin, china, based on lamé impedances[END_REF]. In the 2-3s period band, the sensitivity of Rayleigh waves is maximum at a depth of 500m that is below the 3 aquifers located beneath MALA. Thus the δv/v is positively correlated with the precipitation since the measurements are sensitive to variations of the load pressure exerted by the water within the aquifers.

3.4.3.2 Predicting δv/v from precipitation: an example where seismic velocities are anti-correlated with precipitation

In the previous section, we showed an example of an unconfined shallow alluvial aquifer for which the δv/v measurements are sensitive to depths greater than the aquifer. In this case, the seismic velocity variations are related to the elastic response of the medium to variations in the amount of water. They are thus positively correlated with precipitation.

In this section, we discuss the velocity variations at the station IMMV located in western Crete. This station is located on carbonate rocks of the Trypolis series (thickness of 400m) within which a karstic aquifer of high permeability is located [START_REF] Kanta | The application of time domain electromagnetic method to characterize the keritis basin, in western crete, greece[END_REF][START_REF] Kanta | Aquifer characterization using shallow geophysics in the keritis basin of western crete, greece[END_REF][START_REF] Parisi | Assessment and mapping of the BIBLIOGRAPHY 233 intrinsic vulnerability to pollution: an example from keritis river basin (northwestern crete, greece)[END_REF].

On Figure 3.8, we compare the GPS and precipitation records with the δv/v computed in the 1-2s period band. Measurements performed in the 0.5-1s and 2-3s period bands are shown in the supplementary S3. In the 0.5-1s similar seasonal variations are observed but with higher amplitudes than 1-2s. On the other hand, no seasonal behavior is visible at higher periods. The δv/v observed in the 1-2s period band exhibits seasonal variations having an am-plitude of 0.2% (Fig. 3.8c). They are anti-correlated with precipitation: the δv/v are sensitive to depths similar to the aquifer so that the seismic velocity decreases when the amount of water within the aquifer increases. The observed δv/v and the synthetic δv/v computed from precipitation using a linear reservoir model have a correlation coefficient of 0.75, indicating that it is possible to predict the velocity variations from rainfall.

We compare the velocity variations with the vertical displacement of the surface recorded by a GPS station located 12 kilometers away from IMMV (Fig. 3.8e). The vertical displacement shows a long-term subsidence of the surface that is not correlated with a long-term change in seismic velocity. In addition to this long-term trend, the vertical displacement exhibits seasonal changes whose amplitude varies from year to year. These seasonal fluctuations are anti-correlated with precipitations: there is an uplift each summer when precipitation is minimum and vice-versa in winter. This indicates that the aquifer beneath IMMV is unconfined. As we have seen in previous sections, in specific regions of Greece, the hydrological cycle induces seasonal changes in seismic wave velocity (Figure 3.4). Following the procedure described in Section 3.4.3, for each station where the seismic wave velocity varies with the season, we try to predict the observed δv/v from the precipitation recorded at the nearest meteorological station using a simple linear reservoir model. As shown in Figure 3.9, we found that for 18 sites, the absolute value of the correlation coefficient between observed and predicted δv/v between 2012 and 2021 is greater than 0.57(table in supplementary S6).
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We observe that there are two main types of sites. At 11 stations, the seasonal change in velocity is positively correlated with the water level predicted from precipitation (purple squares in Figure 3.9). All of these stations are located over shallow alluvial aquifers. Therefore, the change in seismic velocity measured between 1 and 3s is sensitive to the elastic response of the subsurface induced by the dynamic of the aquifer. We find that at most of these sites, the characteristic time τ varies between 35 and 60 days, with the exception of two sites where we find a characteristic time τ of 75 days: HL.VLI which is located in southeast Peloponnese over metamorphic rocks and CL.MG05 located north of the Gulf of Corinth over alluvial deposits.

In contrast, at 9 stations, the seasonal change in velocity is anti-correlated with the water level predicted from precipitation (orange circles in Figure 3.9). These stations are likely located over deep karstic aquifers so that the seismic velocities between 1-3s are mostly sensitive to the poroelastic response induced by the hydrologic cycle, the velocity decreasing as the amount of water within the aquifers increases. We find a characteristic time τ ranging from 60 to 80 days for these sites, with the exception of the IMMV station for which the characteristic time τ is equal to 150 days.

Finally, monitoring the temporal variation of seismic velocities is a promising tool, which can be used together with other geophysical observations to identify the dynamic of aquifers and other processes in the crust. In particular, δv/v measured on seismic noise auto-correlations allows the detection of periodic variations of the groundwater level, to distinguish between deep and shallow aquifers while giving an indication of the discharge rate of the aquifer. The deployment of dense networks could allow a to study the dynamics of aquifers with a greater temporal and spatial resolution and become a useful tool for water supply management.

Seismic velocities variations associated with water pumping

In the Mediterranean basin, aquifers are the main exploitable resource for drinking water supply and agricultural exploitation. The increase in population and tourism, the concentration of agricultural and industrial practices, the decrease in precipitation, and the increase in evapotranspiration due to climate change in recent decades, lead to excessive exploitation of groundwater resources [START_REF] Aureli | Groundwater resources in the mediterranean region: importance, uses and sharing[END_REF]. This affects particularly coastal aquifers which are sensitive areas. Indeed, excessive pumping in these regions induces a decrease in the fluid pressure inside the aquifer, which can lead to seawater intrusion. When this occurs, the interface between seawater and freshwater intrusion progresses landward until a new equilibrium is reached [START_REF] Ergil | The salination problem of the guzelyurt aquifer, cyprus[END_REF][START_REF] Daskalaki | Groundwater quality of porous aquifers in greece: a synoptic review[END_REF][START_REF] Voudouris | Methods to define the areal distribution of the salt intrusion: examples from south greece[END_REF].

In some inland areas, the extent of groundwater extraction, especially for irrigation needed for agriculture, exceeds the rate of aquifer recharge. This is the case of Thessaly (Central Greece) which is one of the most active regions in terms of agricultural exploitation [START_REF] Daskalaki | Groundwater quality of porous aquifers in greece: a synoptic review[END_REF]. The over-exploitation leads to a condensation of the sediments at depth which results in a depletion at the surface. This can create fractures and weakens buildings.

Thus, monitoring aquifers has become essential from a societal but also from an ecological point of view. The long-term evolution of δv/v could potentially be used as an indicator of the evolution of water resources on a multi-year scale, which is particularly relevant in water-stressed countries like Greece.

In the previous section, we have shown that for most seismic stations located on aquifers, it is possible to deduce the variations in seismic wave velocity related to the hydrological cycle from the precipitation using a simple linear reservoir model. However, at specific sites, the hydrologic cycle is also strongly influenced by anthropogenic pumping, so it is not possible to predict seismic wave velocity variations from precipitation.

Here, we specifically study how water pumping for agriculture and industry induces seismic wave velocity changes at two seismic stations ZKR and LRSO which are located over an unconfined and a confined aquifer respectively. The long-term goal would be to use δv/v measurements to study the evolution of the water resource on a large scale, in addition to hydraulic heads and surface deformation measurements.

Seismic waves velocity variations associated with water pumping in an unconfined aquifer

The study area is a carbonate plateau of 132 km², located in eastern Crete. More precisely, the plateau consists of shallow Neogene superficial deposits (sandstones, marly limestones and conglomerates) extending over the 600m thick limestone and dolomite series (Fig. 3.10b). This carbonate series, which contains the aquifer, overlies the impermeable volcano-sedimentary sequence of the "Phyllite -Tyros bed" [START_REF] Papanikolaou | Thrust faults and extensional detachment faults in cretan tectono-stratigraphy: Implications for middle miocene extension[END_REF][START_REF] Kavouri | Evaluation of temporal storage zones in karstic aquifers using hydrogeochemical analysis[END_REF]. In this area, water is pumped mainly for irrigation during the dry period i.e from April to November [START_REF] Kavouri | Spatially distributed recharge in karst groundwater modelling[END_REF][START_REF] Papanikolaou | Thrust faults and extensional detachment faults in cretan tectono-stratigraphy: Implications for middle miocene extension[END_REF].

Since the local geology is known from previous studies [START_REF] Papanikolaou | Thrust faults and extensional detachment faults in cretan tectono-stratigraphy: Implications for middle miocene extension[END_REF][START_REF] Kavouri | Evaluation of temporal storage zones in karstic aquifers using hydrogeochemical analysis[END_REF], we can convert the geological unit into seismic velocity assuming that the early coda is dominated by surface waves. This makes it possible to assess the depth sensitivity of δv/v measurements done in several period bands. As shown by Fig. 3.10, the sensitivity of Rayleigh waves is maximum at a depth of about 200m at 0.5-1s, and at a depth of 1km at 2-3s of period. 2010)). b) Sensitivity kernel showing that the maximum of the sensitivity is at the level of the aquifer in the 0.5-1s (250m) while for higher periods (2-3s), the sensitivity is maximal at 1km depth: below the aquifer system.

Figure 3.11 shows the δv/v measurements in the 0.5-1s and 1-3s period obtained with a sliding window of 60 days. In both period bands, the seismic velocity exhibits seasonal variations, but they have different phases and amplitudes. Between 0.5-1s, Rayleigh waves are sensitive to the uppermost 500m where the aquifer lies. Seismic velocity increases progressively during the dry season when water is pumped and is maximum at the beginning of the winter when the groundwater level is minimum (Fig. 3.11e). The seasonal variation in seismic velocity has an amplitude of 0.2%. At longer periods, between 1-3s, Rayleigh waves are mainly sensitive to depths ranging from 700m to 1500m, i.e they see the medium below the aquifer. In this period band, the seasonal variations have an amplitude of only 0.1%, the maximum velocity being in winter and the minimum in summer. This is the opposite of 0.5-1s, since in this period band the δv/v measurement is sensitive to the elastic response of the crust to the change in groundwater level. The synthetic δv/v have been computed in both periods using the precipitations data from Sitia meteorologic station located 16km away from seismological station ZKR (Fig. 3.11c,d ande). The aim is to determine if precipitations can be the driving mechanism at the origin of the seasonal behavior exhibited by the velocity variations. Thus, in the 0.5-1s, it is not possible to predict the observed δv/v from the precipitation (correlation coefficient = 0.28) (Fig. 3.11c). However, in the 1-3s of period, the correlation coefficient reaches the value of 0.68 (Fig. 3.11d). These results indicate that seismic velocities record different processes in these two period bands: in 1-3s of period, an elastic effect occurs linked with the filling of the aquifer by precipitation while in the 0.5-1s, the pumping effect is predominant.

Seismic waves velocity variations due to water pumping in a confined aquifer

To study the effects of water pumping in a confined aquifer on seismic wave velocity, we focus on the station HT.LRSO which is located in Thessaly (Figure 3.12). This region includes two distinct large alluvial aquifer systems: the western unconfined aquifers that extend along the Trikala and Karditsa plains, and the eastern confined aquifers that in the Larissa and Karla plains [START_REF] Argyrakis | Anthropogenically induced subsidence in thessaly, central greece: new evidence from gnss data[END_REF]. In both aquifer systems, pumping for agriculture occurs using wells [START_REF] Salvi | Monitoring long-term ground deformation by sar interferometry: examples from the abruzzi, central italy, and thessaly, greece[END_REF] [START_REF] Ilia | Assessing ground subsidence phenomena with persistent scatterer interferometry data in western thessaly, greece[END_REF][START_REF] Foumelis | Episodic ground deformation signals in thessaly plain (greece) revealed by data mining of sar interferometry time series[END_REF][START_REF] Seferli | Interpretation of groundwater hydrographs in the west thessaly basin, greece, using principal component analysis[END_REF].

Here, we analyze the seismic velocity variations within the eastern confined aquifer using the seismological station LRSO (Fig. 3.12). The studies of [START_REF] Konstantinides | Hydrodynamique d'un systeme aquifere heterogene[END_REF]; Caputo and[START_REF] Caputo | Late cainozoic geodynamic evolution of thessaly and surroundings (central-northern greece)[END_REF][START_REF] Caputo | The pliocene-quaternary tectosedimentary evolution of the larissa plain (eastern thessaly, greece)[END_REF] indicate that in this area the basement rocks can reach a depth of 500-700 m in some locations. Quaternary sediments overlie the basement rocks, primarily composed of carbonate rocks, and shales. Multiple alternations of coarse-grained permeable deposits (aquifers) with impermeable to low-permeability strata (aquitards) create a number of successive semi-confined to confined aquifers [START_REF] Kontogianni | Ground subsidence, quaternary faults and vulnerability of utilities and transportation networks in thessaly, greece[END_REF][START_REF] Argyrakis | Anthropogenically induced subsidence in thessaly, central greece: new evidence from gnss data[END_REF]. The majority of these aquifers, however, seem to be rather isolated from each other, which prevents in most cases their recovery after intense exploitation [START_REF] Kontogianni | Ground subsidence, quaternary faults and vulnerability of utilities and transportation networks in thessaly, greece[END_REF]. 

Hydraulic heads seasonal variations and long term trend

Precipitation in this area does not exhibit clear seasonal fluctuations but still remains rare from June to August (Fig. 3.14d) and reaches an annual average of 700 mm (Fig. 3.5a).

The groundwater level in the eastern alluvial aquifers has been monitored using boreholes placed along the aquifer from 1997 to 2012 (Fig. 3.12 and Fig. 3.13). At all boreholes, the groundwater level exhibits seasonal variations having an amplitude ranging from 2m to 5m, the groundwater level being maximum in May/April and minimum in October/November, the aquifers being recharged laterally during the rainy season (November-March) when the water is not used for agriculture [START_REF] Seferli | Interpretation of groundwater hydrographs in the west thessaly basin, greece, using principal component analysis[END_REF][START_REF] Argyrakis | Anthropogenically induced subsidence in thessaly, central greece: new evidence from gnss data[END_REF]. In addition, all the measurements of groundwater levels exhibit a negative longterm trend indicating the progressive depletion of the aquifer. Between 1997 and 2012, the water level dropped by approximately 20m in the northern part of the aquifer against 45m in the southern part (Fig. 3.13) [START_REF] Sidiropoulos | Reservoir-aquifer combined optimization for groundwater restoration: The case of lake karla watershed, greece[END_REF]. This annual cycle is controlled by the precipitation that recharges laterally the aquifers, and the pumping of water that takes place every year during the dry season (April to October) to support agriculture and the cultivation of cotton [START_REF] Aureli | Groundwater resources in the mediterranean region: importance, uses and sharing[END_REF][START_REF] Sidiropoulos | Reservoir-aquifer combined optimization for groundwater restoration: The case of lake karla watershed, greece[END_REF]. The long-term trend from 1997 to 2012 is due to the excessive pumping of water that leads to a depletion of water resources and to a compaction of sediments within the aquifer which in turn leads to significant soil subsidence especially in summer and autumn when the groundwater pumping is at maximum [START_REF] Salvi | Monitoring long-term ground deformation by sar interferometry: examples from the abruzzi, central italy, and thessaly, greece[END_REF][START_REF] Parcharidis | Seasonal ground deformation monitoring over southern larissa plain (central greece) by sar interferometry[END_REF][START_REF] Foumelis | Episodic ground deformation signals in thessaly plain (greece) revealed by data mining of sar interferometry time series[END_REF][START_REF] Vassilopoulou | Long term and seasonal ground deformation monitoring of larissa plain (central greece) by persistent scattering interferometry[END_REF][START_REF] Sidiropoulos | Reservoir-aquifer combined optimization for groundwater restoration: The case of lake karla watershed, greece[END_REF].

Seismic velocity variations in a confined aquifer

As shown by Figure 3.14c, between 1-3s, the seismic velocity measured at LRSO exhibits a clear seasonal fluctuations with an amplitude of ±0.2%, the velocity being maximum in October and minimum in April. The correlation coefficient computed between the synthetic δv/v predicted from precipitation and the observed one is equal to 0.23. This low value indicates that the observed δv/v cannot be predicted from precipitation. We compare the velocity changes with the hydraulic head measurements even though the two time series do not overlap (the δv/v are measured from 2013 to 2020 and the hydraulic head from 1997 to 2012). Assuming that the seasonal changes in the hydraulic head are similar in 2013-2020 and 1998-2012, we find that the decrease in the hydraulic head of 2m occurring each year from May to October at borehole P17L corresponds to an increase in δv/v of 0.2%. Thus, at this site, the δv/v are anti-correlated with changes in hydraulic head and appear to be exceptionally sensitive to changes in the water level. [START_REF] Mao | Space-time monitoring of groundwater fluctuations with passive seismic interferometry[END_REF] showed that δv/v measurements are more sensitive to water-level changes in confined aquifers than in unconfined aquifers. In the Los Angeles and Santa Ana basins, which are confined aquifers, they reported that water table level changes of 1m are associated with a δv/v of 0.01%. By contrast, we find that δv/v is 10 times more sensitive to groundwater level changes.
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Vertical displacement and seismic velocity variation

The 2-month averaged vertical displacements measured at the GPS station LARM and STEF that are located north and south of the East Thessaly aquifer, 6.4km and 37.9km away from the seismic station LRSO respectively, are shown in Figure 3.14e. Similarly to the δv/v, the vertical displacements at LARM exhibit a seasonal behavior with an uplift of 15mm in March/April when the seismic wave velocity is minimal and the groundwater level is maximum. Despite the fact that the time series between hydraulic heads measurements and GPS/δv/v don't overlap, we suppose that the behavior of the hydraulic heads remains the same during the period 2013-2020. Thus, we can quantify the vertical movement of the GPS (at LARM station) with the water level within the aquifer and the velocity variations in a case of a confined aquifer. An increase of 0.2% of the δv/v corresponds to a drop of the vertical displacement of 15mm and approximately to a drop in groundwater level of 2m.

As pointed out by [START_REF] Argyrakis | Anthropogenically induced subsidence in thessaly, central greece: new evidence from gnss data[END_REF], the comparison between the two GPS LARM and STEF indicates different long-term trends. A negative trend is clearly visible at STEF located to the southeast of the aquifer (Fig. 3.14d). The vertical displacement registers an annual variation like at LARM station: a decrease occurs in summer during pumping. However, from October to July a 'flat' trend is visible. This annual characteristic indicates that the aquifer fails to regenerate during the wet season. Furthermore, a negative long-term trend is also visible: the vertical displacement between 2013 and 2017 decreases by about 0.5m(Fig. 3.14d, light pink). This negative trend cannot be explained by precipitation, which has remained constant in recent years. This is probably a consequence of the progressive water level depletion in the aquifer (Fig. 3.13) associated with deep sediment consolidation occurring in the area is the cause of this marked decrease on the GPS.

In summary, the δv/v, GPS, and hydraulic head measurements do not provide the same information on the dynamic of the aquifer system. The hydraulic head and GPS measurements exhibit both seasonal fluctuations and a long-term trend that may be the consequence of sediment consolidation at depth [START_REF] Salvi | Monitoring long-term ground deformation by sar interferometry: examples from the abruzzi, central italy, and thessaly, greece[END_REF][START_REF] Parcharidis | Seasonal ground deformation monitoring over southern larissa plain (central greece) by sar interferometry[END_REF][START_REF] Foumelis | Episodic ground deformation signals in thessaly plain (greece) revealed by data mining of sar interferometry time series[END_REF][START_REF] Vassilopoulou | Long term and seasonal ground deformation monitoring of larissa plain (central greece) by persistent scattering interferometry[END_REF][START_REF] Sidiropoulos | Reservoir-aquifer combined optimization for groundwater restoration: The case of lake karla watershed, greece[END_REF] and the progressive aquifer depletion. Despite seasonal variations in hydraulic head, vertical displacement of the surface and δv/v being well correlated, no long-term variation in δv/v is observed. One possible explanation is that, since δv/v is an in-situ and volumetric measurement, it is primarily sensitive to the amount of water stored in the entire aquifer system and not to changes in water level measured punctually at a single aquifer or to changes in water level induced by sediment compaction at depth. This illustrates that GPS, hydraulic head and δv/v measurements are complementary to each other.

Conclusion

In the Mediterranean basin, aquifers are the main exploitable resource for drinking water supply and agricultural exploitation. The increasing demands of the last decades attend to excessive exploitation of groundwater resources. This can lead either to the depletion of aquifers or to their contamination by seawater intrusion. Thus, monitoring these resources CHAPTER 3. SEASONAL VARIATIONS ON SEISMIC VELOCITIES MEASUREMENTS IN GREECE 92 has become crucial. Greece is currently ranked 26th [START_REF] Heggie | Preventing a water crisis in greece, national geographic[END_REF] in the world among the countries most affected by water stress.

Currently, in Greece, agriculture represents the main demand for water and covers about 86% of the total water consumption [START_REF] Daskalaki | Groundwater quality of porous aquifers in greece: a synoptic review[END_REF]. There are two types of aquifers in Greece: karst aquifers, which are mainly found in carbonate rocks and cover about 35% of the country; and aquifers located in alluvial layers dating from the Neogene and Quaternary periods. The aim of this study was to investigate the extent to which seismic noise auto-correlations can be useful for monitoring the long-term evolution of water resources at the scale of a country. By investigating how seismic velocities are affected by the hydrological cycle in Greece, it highlights the possibility of using seismic noise correlations to detect periodic depth variations of the amount of water within aquifers due to precipitation or anthropic CHAPTER 3. SEASONAL VARIATIONS ON SEISMIC VELOCITIES MEASUREMENTS IN GREECE 93 activities. By probing the medium at depth, the information provided by noise correlations coda waves is a complement to GPS/INSAR surface observation and hydraulic head measurements.

Specifically, we measure the temporal evolution of the seismic velocity at all public broadband stations in Greece between 2010 and 2022, using seismic noise auto-correlations in the 1-3s period band. At specific sites and regions, the δv/v shows clear seismic variations with amplitude on the order of 0.1% (Figure 3.4). These sites are all located over or near aquifers, suggesting that the annual variation in seismic velocities is related to slow strain perturbation associated with the hydrological cycle.

Taking advantage of the dense network of weather stations in Greece, and using a linear reservoir model, we show that at 12 sites, the observed δv/v can be predicted from precipitation (Fig. 3.15). For deep karstic aquifers, the velocity change follows the hydrological cycle with a velocity drop for increasing hydraulic head and vice versa. This is in agreement with previous studies (e.g [START_REF] Hillers | Seasonal variations of seismic velocities in the san jacinto fault area observed with ambient seismic noise[END_REF][START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF][START_REF] Poli | Seasonal and coseismic velocity variation in the region of l'aquila from single station measurements and implications for crustal rheology[END_REF][START_REF] Wang | Seasonal crustal seismic velocity changes throughout japan[END_REF]). However, as shown in Figure 3.15, we found that for shallow alluvial aquifers, the 1-3s auto-correlations coda waves are sensitive to a depth greater than the aquifer itself, so that the δv/v are positively correlated with the amount of water within the aquifer: the seismic velocities are minimum when the amount of water is minimum. For both types of aquifers, we found that the seasonal velocity changes are correlated with the vertical motion of deformation: these seasonal changes are associated to a transient deformation of the crust occurring in response to the variation of the hydraulic head in the aquifer. Predicting the observed δv/v variations from precipitation using a linear reservoir model, allow to estimate the characteristic time of the discharge rate of the aquifer. We find a characteristic time ranging from 35 to 50 days for most of the alluvial aquifers and from 60 to 75 days for karstic systems.

In some regions such as Thessaly and in Crete, water is used intensively during the dry season for agriculture, the hydrological cycle is strongly influenced by anthropogenic pumping. Hence we found that the seasonal velocity change cannot be predicted from precipitation. However, they are clearly correlated with fluctuations in groundwater levels measured in boreholes.

Finally, we show that the effects of water pumping are different for confined and unconfined aquifers. As shown in Figure 3.11, pumping water from an unconfined aquifer causes a decrease of the loading pressure that is associated with an uplift of the surface [START_REF] Faunt | Water availability and land subsidence in the central valley, california, usa[END_REF][START_REF] Galloway | Land subsidence in the United States[END_REF][START_REF] Bettinelli | Seasonal variations of seismicity and geodetic strain in the himalaya induced by surface hydrology[END_REF][START_REF] Overacker | Vertical land motion of the high plains aquifer region of the united states: Effect of aquifer confinement style, climate variability, and anthropogenic activity[END_REF], and a relaxation at depth that results in a decrease in seismic velocity. On other hand, pumping water in a confined aquifer result in sediment compaction within the aquifer and is associated with a subsidence of the surface and a decrease in seismic velocity (Figure 3 

Open research

The sensitivity kernels have been computed using the Python library disba that implements a subset of codes from Computer Programs in Seismology [START_REF] Herrmann | Computer programs in seismology: An evolving tool for instruction and research[END_REF]. The Vp, Vs of the rocks has been chosen according to the study of [START_REF] Zhang | Petrologic composition model of the upper crust in bohai bay basin, china, based on lamé impedances[END_REF] We gather the GPS displacements from 210 permanent stations from rinex data of the Nevada Geodetic Laboratory (NGL). These data were processed using the Jet Propulsion Laboratory GIPSY-OASIS II software following the procedure used in [START_REF] Metois | Insights on continental collisional processes from gps data: Dynamics of the peri-adriatic belts[END_REF]. (geodesy.unr.edu/NGLStationPages/stations/). All data sets can be provided on demand.
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3.8 Supplementary informations

S1-Faults and aquifers in Greece

Greece is the most seismically active region in Europe, as it is located at the convergence of the Eurasian plate on the African plate, as well as at the western termination of the North Anatolian fault zone. The active stress field in Greece is complex with a zone of subduction of the African plate under the Aegean plate to the south/southwest, a zone of back-arc volcanism, the extension of the North Anatolian fault to the north/northeast and a divergence zone represented by the Gulf of Corinth which is opening at an average rate of 15 mm/year.

The interaction of these different factors over time has caused an intense fragmentation of the continent and the islands [START_REF] Pavlides | Active faults of greece and surroundings[END_REF]. Daskalaki and Voudouris (2008) identified the following geological formations in Greece where granular and karst aquifers exist: 1. Neogene (silt, marl, sandstone and conglomerates) and Quaternary deposits, which cover about 30% of the Greek territory. 2. Carbonate formations, which cover 35% of the total area, mainly in the central, western and southern parts of Greece. 3. Impermeable formations (flysch, metamorphic and volcanic rocks, ophiolites, etc.)

The presented map (Fig. 3.16) represents an overview of the main aquifers in Greece and can be found on the Ypeka website (http://wfdgis.ypeka.gr/). More detailed maps on the nature of the aquifers and their location are found in the study by [START_REF] Kallioras | Water resources assessment and management of karst aquifer systems in greece[END_REF].

S2δv/v showing seasonal behavior in Greece

Figure 3.17: Examples of seasonal δv/v in Greece. The shape of the velocity variations varies between the stations; moreover, we can also see that the maximum are not reached exactly at the same time for all the stations. Thus it is unlikely that our observations can be explained only by the dynamics of the noise sources.

CHAPTER 3. SEASONAL VARIATIONS ON SEISMIC VELOCITIES MEASUREMENTS IN GREECE 97

S3-Amplitude of the velocity variations as a function of the period By analyzing the velocity variations according to the period, we found two groups of evolution: 1) the seasonal variations on the δv/v s decrease with the period; 2) the seasonality of the velocity variations increases with the period.

Among the stations belonging to group 1 we find AGRP,IMMV,AXAR,CHAN or the station KOSK. Those belonging to group 2: MALA, MG00 (MG02,MG04 etc), THAL, VLI or NYDR. 2 examples are provided in figure 3.18 taken at VLI and IMMV stations. Following the steps in section 3.3.2, we calculate for 3 period bands (1-2s, 2-3s and broadband 1-3s) the synthetic δv/v from the local precipitation data at MALA station (the best fit is shown in the main text and correspond to the 2-3s period band). To achieve this, we collect precipitation data from the nearest weather station Rio located 12km away. The results obtained for the best-fit constant k in each period band are shown in Figure 3.21.

S4-Seasonal variations on precipitations data

We notice that for the synthetic δv/v calculated in the different period bands, all of them show seasonal variations due to the seasonality of the precipitation. In order to determine if precipitation can be the driving force behind the seasonal variations of the observed δv/v, a correlation coefficient is computed between the δv/v obtained from the seismic noise and the one obtained from the water level model. 1-2s, 2-3s, 1-3s. The left column represents the results of the synthetic δv/v obtained from precipitation data (in orange) and the comparison with the observed δv/v obtained from noise auto-correlations(in black). The right column represents the misfit function in each case. In the 1-2s of period, the δv/v doesn't converge properly toward the observed δv/v . Indeed the misfit function doesn't indicate a global minimum but only a local one indicating that we don't arrive to predict the observed δv/v with precipitation data. In the 2-3s of period or in the broadband, we notice that a global minimum is visible on the misfit function indicating that a sustainable solution has been found. Indeed, the synthetic δv/v is close to the observed one, and retrieve the seasonal variations.
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Between 1-2s of period, the misfit doesn't show a global minimum indicating that there is no convergence towards a viable solution. The correlation coefficient between the δv/v obtained from the seismic noise, and the synthetic δv/v computed from the local minimum reaches the value of 0.249.

Between 2-3s of period, on the contrary, the two curves seem very similar and the misfit indicates a global minimum reached for a characteristic time τ = 60d. The presence of a global minimum on the misfit function indicates that a sustainable solution has been found and could explain the observed δv/v from the precipitation data. The correlation coefficient between the two curves is 0.723.

On the broadband period 1-3s, we integrate the information of the two previous period band: the characteristic time found is about 36d -less than the 2-3s -because the volume scanned include also a layer closer to the surface. In this case, the correlation coefficient between the two curves is 0.677.

Since the period band reflects depth, and from the synthetic δv/v results, it appears that the observed velocity variations obtains from noise correlations scan a layer at depth relative to water discharge mechanisms in the aquifers. Thus, the results presented suggest that the precipitation seems to be the driving force behind the seasonal variations observed at MALA station by filling the unconfined aquifers leading to a contraction of the crust at depth and leading to an increase of the velocity variations.
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S6-Correlation coefficient between the observed δv/v and the water level model

We try to determine if the precipitation can be the driving force at the origin of the seasonal variations on δv/v measurement. A water level model is computed using the precipitation data from the closest weather station of the seismological station. We then compare the synthetical δv/v obtained with the one obtained from the autocorrelations. 

Example of δv/v correlated with precipitation

In the main text we have seen an example of station showing a δv/v correlated with the precipitation. In this supplementary section, we show one more example: HL.ITM station located on southwest Peloponnese. 

Example of δv/v anti-correlated with precipitation

In the main text, we have seen one example of stations showing a δv/v anti-correlated with the precipitation. In this supplementary section, we show one more example: HA.VILL station located on the eastern part of Corinth Gulf. Chapter 4

S7-GPS in Thessaly

Long-term velocity variations in Italy1 

Abstract

The main objective of this chapter is to determine if long-term trends in δv/v s variations are observed and if they are related to a progressive evolution of aquifers.

For this purpose, we have calculated the δv/v s over a period of 10 years at the scale of Italy. The results indicate that we find seasonal variations in the stations located in karst areas and therefore mainly along the Apennines. Moreover, on these same stations, we observe a positive long-term trend of about 0.001% per year on average, with the exception of 4 stations which present a negative value. We interpret these trends by specifying the sensitivity of the δv/v s to the depth of the disturbances and by determining the water level fluctuations within the aquifer. At 3 sites presented in this chapter, we show that the positive trends are due to progressive aquifer depletion over time.

Finally, we attempt to quantify the sensitivity of the δv/v measurements in terms of water level, and find that a 0.1% increase in velocity variations corresponds to a loss of water level of about 1m on average. Extending this result to the long-term trend, we simulate the annual 0.001% increase in velocity in terms of water level drop. Thus, for an aquifer with a total surface area of 200km 2 , we find a decrease in resources of the order of 0.01km 3 per year.

Introduction

Italy is the second most seismic country in Europe after Greece. The country has two large mountain ranges, the Northern Alps and the Apennines, which extend over a length of almost 1200 kilometers, from the coast of Liguria to the western tip of Sicily. Tectonically speaking, Italy is located on the contact line between the African plate, the Eurasian plate, and the Adriatic plate. The country is therefore subject to numerous earthquakes and has volcanic areas (including active volcanoes such as Vesuvius, Etna, or Stromboli). Two main types of aquifers also exist across the country: karstic aquifers -mostly present in the central part of the Apennines, Trentino region, Puglia region, and Sicily-and alluvial aquifers; notably the Po plain which is one of the largest in Europe [START_REF] Margat | L'eau des méditerranéens: situation et perspectives[END_REF][START_REF] Orecchia | Geochemical characterization of groundwater in the confined and unconfined aquifers of the northern italy[END_REF][START_REF] Zanini | A multidisciplinary approach to evaluate the effectiveness of natural attenuation at a contaminated site[END_REF].

We have seen in the introduction chapter, that the effects of industrial and agricultural pumping in Greece and Italy particularly affect the quantity and quality of water. In addition, groundwater recharge shows a decreasing trend, leading to a decline in fresh groundwater resources [START_REF] Teatini | Groundwater pumping and land subsidence in the emilia-romagna coastland, italy: Modeling the past occurrence and the future trend[END_REF][START_REF] Daskalaki | Groundwater quality of porous aquifers in greece: a synoptic review[END_REF].

Chapter 3 has been dedicated to study the aquifers in Greece. Our results show that it is possible to follow the variations of the groundwater level at the scale of a country using auto-correlations measurements. In specific regions, seasonal changes in seismic velocity in the order of 0.2% relate to the hydrological cycle. In Greece, two main factors control the evolution of aquifers: precipitation and water pumping.

In Italy, over-pumping in coastal areas has caused major problems in urban and industrial zones with several places where sea-water intrusion occurs. The objective of the chapter is to use the high-density and long-time series of seismic and GPS networks in Italy to study long-term velocity variations associated with aquifers. Then, we will try to precise the sensitivity of the velocity variations in terms of groundwater fluctuations by investigating a confined and unconfined aquifer. To that end, we will study the evolution of 3 parameters that are precipitation, vertical displacement of the GPS, and water level variations.

Network

The vertical noise records at all publicly available permanent broadband seismic stations from January 2010 to December 2022 have been used to measure the relative seismic velocity changes in Italy. This includes the data of 186 seismological stations as shown in Figure 4.1. The stations used are distributed across Italy with a higher density around the Apennines where the seismic risk is more important [START_REF] Crowley | A comparison of seismic risk maps for italy[END_REF]. The data processing and the computation of the δv/v measurement are similar to the one presented in Chapter 3. 

Evolution of the seismic velocity related to aquifers 4.3.1 Evolution of the seismic velocity at depth

We first determine in which regions the evolution of the seismic wave velocity is dominated by seasonal variations by computing a seasonal coefficient at each seismological station in all the period bands. To that end, we follow the procedure described in Chapter 3.

We map the δv/v seasonality by interpolating the seasonality coefficient obtained at each station using natural neighbor interpolation. An overview of the 4 maps corresponding to the seasonality coefficients calculated for 4 different period bands indicates that the 1-3s period band shows the strongest seasonal variations (Fig. 4.2). Between 0.5/1s, only a few stations reach a SC value of 0.6 (2 stations in the Alps and 4 in the Apennines).

The number of stations showing seasonal behavior on the δv/v tends to increase with the period. Indeed, in the 1-2s/2-3s, we note that the majority of the stations showing seasonal variations are in the Apennines where the aquifer concentration is the most important. Similarly, most of the stations located in Sicily also seem to show seasonal variations between 2-3s of period. 

Long-term evolution of the seismic velocity

In this section, we analyze 10y of velocity variations to determine if the aquifers are being depleted progressively over time or on the other hand, the amount of water is increasing.

To that end, we first select the stations sensitive to the hydrological cycle: where the δv/v exhibit seasonal velocity variations. 31 stations in the 1-3s period band correspond to that criteria. Then, we perform a linear regression of the δv/v measurement to determine if the velocity tends to increase or decrease over time (examples in Fig. 4.3b).

The results (Fig. 4.3) indicate that for all the stations where the δv/v s exhibit seasonal variations, there is a long-term increase of 0.001% per year in average of the seismic velocity from 2009 to 2022 with the exception of 2 stations in an area located in the central Apennines and one in Liguria (-0.0015% per year). To determine whether an increase in seismic velocity is representative of a depletion in water level or conversely to an accumulation of water, we provide an overview of techniques that allow us to determine the meaning of a positive or negative trend on velocity variation measurements.

Interpretation of the seismic velocity fluctuations

There are 4 ways to determine if an increase on δv/v corresponds either to an increase or a decrease in the amount of water:

Velocity variations as a function of the period: The velocity variation measurements were performed between 1-3s of period. We have seen in our study in Greece (chapter 3) that working in narrow bands allow us to obtain a wide range of information on the medium and particularly the mechanisms related to aquifers. If the sign of the δv/v variations change with the periods it indicates that short periods are sensitive to the aquifer itself, whereas long periods are sensitive to the load exerted by the water (and thus that δv/v are positively correlated with the amount of water).

The 3 other points are related to determine how the groundwater level fluctuates. This allows to know if an increase on δv/v corresponds to an increase or a decrease in the amount of water.

Water level model predicted by the precipitations: We showed that modeling the velocity variations induced by the water accumulated inside the aquifer from precipitation data, makes it possible to predict the seismic velocity variations recorded at the seismological station. Depending on the depth of the aquifer, the velocity variations measured in the 1-3s period band are either correlated or anticorrelated with the evolution of the groundwater level.

Determination of the groundwater level thanks to the hydraulic heads: Punctual measurements of water surface level are the most common and widely used observations for groundwater monitoring. These measurements provide direct information about water levels in the aquifer. By comparing water level measurement with δv/v we can know directly if the δv/v are correlated or anti-correlated with the water level.

GPS measurement to determine the nature of the aquifers: In chapter 3, we determined that GPS and hydraulic head variations are intrinsically linked and allow us to determine the nature of the aquifer. Thus, for an unconfined system, the GPS and the groundwater level are anti-correlated while for confined aquifers, the water level fluctuations and the GPS are correlated. This information allows us to determine the groundwater fluctuations even if we don't have a direct access to the hydraulic heads. Thus, by knowing the nature of the aquifers and the vertical displacement associated, we can determine if an increase of velocity is correlated to the water level variations inside the aquifer.

In the following, we investigate and interpret the long-term trend observed on velocity variations at 3 sites.

Example of velocity variations interpretation at Mormanno

On Figure 4.3b, MMN station, located on a karst aquifer, exhibits a positive trend on the velocity variations. In this subsection, we study if the trend is due to an increase or a decrease in the amount of water within the aquifer.

Geology settings of the area

We begin by studying the area which can be summarized according to 3 major geological structures (a detailed description of the geology can be found in the supplementary section of this chapter): i) the first 500 meters are composed of an alternation of very permeable rocks (radiolarites) and low permeable rocks (silicas) dating from the Jurassic with conglomerates that cover this layer, where the aquifer lies; ii) below this structure, there is a 1.5 km thickness of very permeable dolomitic rocks; iii) finally, at depth, a unit dating from the Triassic is composed of a succession of high and low-permeable rocks (metalimestones, dolomites, etc.) A stratigraphic column is shown in 

Velocity variations at IV.MMN station

In order to study the velocity variations at MMN station, we have to determine at which depth the seismic velocities are sensitive. To that end, we compute the sensitivity kernels for 4 periods: 0.5s, 1s, 2s and 3s. Considering that the early coda is dominated by surface waves and knowing the geological log of the region; we can convert the geological unit into seismic velocity. As shown by Fig. 4.4c, the sensitivity of Rayleigh waves is maximum at a depth of about 200m at 0.5-1s, and at a depth of 500m at 2-3s of period.

Then, the velocity variations are computed in different period bands as presented in Figure 4.5. First, we observe that from 2013, a positive trend is visible on every period band with the strongest increase in the 1-2s of period. Secondly, we see that the fluctuations of velocity variations recorded in the broadband are dominated by the 1-2s of period, the long-term trend is thus attributed to the perturbations occurring in that period band. From the sensitivity kernels computed earlier, we know that the δv/v computed at 1-2s of period is sensitive to the depth of the aquifer and thus the observed seasonal variations relate to the water level fluctuation within the aquifer. On the other hand, the 2-3s of period is mainly sensitive to a depth below the aquifer (between 500m to 2km depth). In that case, the velocity variations don't exhibit seasonal variations. To determine if the trend observes on MMN station is due to a progressive depletion/filling of the aquifer, we try to interpret the velocity variations in the 1-2s period since this band corresponds to the layer of the aquifer. To that end, we investigate the vertical displacement recorded at MMNO GPS station and we compute the synthetic δv/v from precipitation data. The result is shown in Figure 4.6.

The vertical displacement (panel e) shows a seasonality anti-correlated with the seasonality of the precipitation data (panel d) confirming the unconfined nature of the aquifer. In addition, the velocity variations are anti-correlated with the precipitation data. To evaluate if the groundwater level increase or decrease over time we model velocity variations from precipitation data. The resulting δv/v is shown in panel c (blue line). We retrieve with great accuracy the seasonal variations but also the positive trend. This result confirms that the velocity variations are sensitive to water level fluctuations and that the long-term trend observed is due to a decrease in the amount of water within the aquifer. .8, we see that precipitation and velocity variations are anti-correlated. We compute for the 2-3s period band, the synthetic velocity variations from precipitation data since that period band exhibits the strongest amplitude. The results are indicated in Fig. 4.8a. In that case, also, we retrieve a good correlation between the two δv/v s (CC=0.72). Finally, for the aquifer below VVLD station, the amount of water decreases over time resulting in a progressive increase of velocity variations. 

Example in Sicily

The Sicilian Karst is widespread and presents a great variety of superficial and subterranean landforms related to the wide distribution of soluble rocks. About 20% (more than 6000 km 2 ) of the land surface consists of carbonates and evaporites, mainly gypsum. Carbonate karst is found mainly in the northwestern and central sectors of the Apennines chain and in the foreland area of southeastern Sicily; gypsum karst is found mainly in the central and southern areas of the island (see Figure 4.9). The Sicilian gypsum caves exhibit the characteristics of classical gypsum karst systems under unconfined conditions, consisting of a main drainage tube, characterized by rapid water flow [START_REF] Di Maggio | Karst of sicily and its conservation[END_REF][START_REF] Forti | The gypsum karst of italy[END_REF]. In addition, some caves can reach hundreds of meter depth, and several kilometers long indicating the complexity of the area. Finally, through 3 examples, we have shown that it is possible to interpret the long trends associated with velocity variations. In this case, at these three sites, the progressive depletion of the aquifers has been highlighted.

In the second part of this chapter, we seek to quantify the sensitivity of velocity variations measurements to water fluctuations in the ground for a confined and unconfined aquifer.

Sensitivity of seismic velocity variations and GPS vertical motion to hydraulic head changes 4.4.1 In a case of a confined aquifer: Po Plain

The selected Po Plain is one of the largest (about 48,000 km 2 ) in Europe and the largest in Italy and represents the most important groundwater reservoir in northern Italy due to its size, the characteristics of its deposits, and its rechargeability [START_REF] Orecchia | Geochemical characterization of groundwater in the confined and unconfined aquifers of the northern italy[END_REF][START_REF] Zanini | A multidisciplinary approach to evaluate the effectiveness of natural attenuation at a contaminated site[END_REF].

The aquifer system is composed of shallow, unconfined aquifers and deeper, semi-confined and confined aquifers. The main aquifer system is mainly unconfined and consists of coarse-grained sedimentary units, 30m thick, and consisting of mixed gravel and sand bodies [START_REF] Orecchia | Geochemical characterization of groundwater in the confined and unconfined aquifers of the northern italy[END_REF][START_REF] Campo | Basin-scale stratigraphic correlation of late pleistocene-holocene (mis 5e-mis 1) strata across the rapidly subsiding po basin (northern italy)[END_REF]. The fine-grained units (silts and clays), ranging in thickness from about 5 to 50 m, form the main aquicludes and/or aquitards. Moving towards the coast, some continental alluvial deposits (mainly clay and silt) are deposited on the coarse-grained sedimentary units, making the aquifer locally semi-confined. Then, as reported by [START_REF] Martinelli | Nitrate sources, accumulation and reduction in groundwater from northern italy: Insights provided by a nitrate and boron isotopic database[END_REF], downwards in the Upper Quaternary succession of the Po Plain, several confined aquifers are recognized throughout the hydrogeological system. Our study is based on the city of Parma, located at the base of the Apennines where the majority of aquifers are of confined nature (Fig. 4.11 -number 3). 

Quantification of seismic velocity variations and GPS displacement in terms of water level

The velocity variations computed in the 1-2s of period at IV.PRMA station located in the city of Parma show strong seasonality of 0.5% of amplitude; a maximum reached in winter (January/February) and a minimum reached in summer (August/September) (Fig. 4.12c). The rainfall in the region is not seasonal(Fig. 4.12d), hence we compare directly the hydraulic heads [START_REF] Zanini | A multidisciplinary approach to evaluate the effectiveness of natural attenuation at a contaminated site[END_REF] with the vertical displacement recorded at PARM station and the δv/v.

In the case of a confined aquifer, the variations of the water level and the GPS data are correlated as we can see in Figure 4.13. The monitoring of the level of water inside the aquifer have been proceed at 3 different points located in the city near the seismological station PRMA: P13 is about 2 km from P19 and about 6 km from P24, and all of them have the same trend, they increase during the spring, reach a peak in early summer, and then they decrease to a minimum value in autumn [START_REF] Zanini | A multidisciplinary approach to evaluate the effectiveness of natural attenuation at a contaminated site[END_REF]. According to our results, and the observations of other studies [START_REF] Orecchia | Geochemical characterization of groundwater in the confined and unconfined aquifers of the northern italy[END_REF][START_REF] Zanini | A multidisciplinary approach to evaluate the effectiveness of natural attenuation at a contaminated site[END_REF][START_REF] Teatini | Groundwater pumping and land subsidence in the emilia-romagna coastland, italy: Modeling the past occurrence and the future trend[END_REF], we know that the aquifer is filled during winter until summer (November to July). The δv/v in this period is decreasing because of the presence of water in the soil. When the aquifer is depleting between July and November, the velocities of the seismic wave increase.

Finally, we can quantify the percentage of velocity variations related to the increase of water into the aquifer: a 5m drop in the groundwater level is equivalent to a 5mm decrease in the vertical GPS displacement and is translated on the δv/v by a 0.5% increase.

The last part of this chapter is dedicated to the quantification of velocity variations in the context of an unconfined aquifer which is the majority aquifer type in Italy [START_REF] Margat | L'eau des méditerranéens: situation et perspectives[END_REF].

Determination of the velocity variations in a case of an unconfined aquifer (Apulia region)

The Apulia region extends over almost 20,000 km 2 , about 350km in southeast Italy (Fig. 4.14a). Precipitation is the main source of groundwater recharge and is characterized by an average annual precipitation of about 600 mm but it is very irregular throughout the year. The lowest annual precipitation values occur in the Tavoliere area (400 mm), while the highest values occur in the Gargano area (1100-1200 mm). In the Gargano and Murgia areas, the underground aquifers are mostly under pressure. In Salento, the groundwater flows in phreatic conditions. The areas of Tavoliere and Arco Jonico are characterized by porous superficial aquifers, in which the circulation of groundwater is limited by important clay formation [START_REF] De Giglio | Microbiological and hydrogeological assessment of groundwater in southern italy[END_REF].

In this section we analyze the seasonal variations of the δv/v computed at the MELA station, comparing the results with the time series of the MELA GPS station and the hydraulic heads of the aquifer located in the Tavoliere area. The aim is to determine if we can quantify the velocity variations with the groundwater level in a case of an unconfined aquifer.

Velocity variations obtained at MELA station compared with the GPS vertical displacement and the groundwater fluctuations

The velocity variations have been computed at IV.MELA station in the 2-3s period band in the Tavoliere area. Figure 4.14b shows the result of the δv/v measurement. The time series presents seasonal variations of 0.15% of amplitude with a maximum reached in winter and a minimum in summer. The displacement also presents seasonal variations of about 5mm of amplitude. The maximum of the oscillations is obtained in summer while the minimum is in winter. The time series of the groundwater level is presented in figure 4.14d. The upper panel corresponds to station FG.LSCFG which is the closest to the seismological station. The groundwater levels variate by 3m between the maximum amplitude in winter and the minimum in summer.

The results obtained between the GPS vertical displacement and the variations of the groundwater level indicate that we are indeed in the case of an unconfined aquifer: the low level of water is correlated with an increase of the vertical displacement of the GPS data. However, we have seen in a previous paragraph that the water level in the aquifer reaches its maximum in winter, as well as the variations in δv/v. This information indicates that the velocity variations at the MELA station between 2-3s of period record the elastic effect due to the weight of the water located under the aquifer and not the velocity variations located within the aquifer itself.

Thus, we quantify the rate of relaxation of the elastic effect with the depletion of water level in the aquifer: a 3m loss of water level results in a negative variation of 0.2% on the δv/v and an uplift of 10mm.

Finally, by comparing the results in the two areas, we show that δv/v measurements are more sensitive to water-level changes in confined aquifers than in unconfined aquifers. Which supports our observations in Greece (0.1% δv/v 1m GWL).

Conclusion

Seismic velocity variations in Italy were measured between period 1-3s using the stretching method applied to the coda between 15 and 55s of the auto-correlation functions. We show that the majority of velocity variations showing seasonality (0.1-0.15%) are located on karst aquifers and follow the Apennines mountain range. In particular, the interest of this chapter is to determine if we observe long-term variations associated with aquifers.

Using measurements of velocity variations calculated over a period of 10 years in Italy, we show that the stations sensitive to the hydrological cycle also showed a positive long-term trend of 0.001% per year on average with the exception of 4 stations showing a negative trend. In this chapter, we try to interpret this trend in order to determine if the long-term velocity variations are due to a progressive depletion or filling of the aquifer. Two main steps allow us to discriminate the results: 1) determine if the period band used for the calculation of the velocity variations corresponds to the layer of the aquifer, 2) determine the water level fluctuations within the aquifer. For the latter, GPS, hydraulic head and precipitation studies allow us to follow the water level fluctuations. Finally, at 3 sites the δv/v s measurements show a positive trend correlated with the progressive depletion of the aquifers.

In addition, in order to quantify the sensitivity of the velocity variations in terms of water level, we compared at two sites (Po plain and Apulia region) the δv/v s with the measurements of hydraulic heads. Thus, at the regional scale, we demonstrated: 1) a direct relationship between δv/v, GPS vertical displacement and hydraulic head in the case of a confined aquifer (GWL subsidence of 5 m 0.5% increase on δv/v 5 mm decrease on GPS); 2) the elastic effect that causes seasonality in the δv/v measurement has been quantified for an unconfined aquifer: 3m GWL subsidence 0.2% decrease in δv/v 10mm rise.

These results are similar to the result presented in Greece in the Thessaly region and indicate that velocity variations are more sensitive to water fluctuations in the case of a confined aquifer. ). An increase of 0.001% per year on the velocity variations is converted into a loss of water level of about 1cm which result in an aquifer of 10km 3 of a loss of 0.01km 3 of water per year.

Data set

The precipitation data were obtained from the NASA Langley Research Center (LaRC) POWER Project funded through the NASA Earth Science/Applied Science Program. We gather the GPS displacements from 428 permanent stations from rinex data of the Nevada Geodetic Laboratory (NGL). These data were processed using the Jet Propulsion Laboratory GIPSY-OASIS II software following the procedure used in [START_REF] Metois | Insights on continental collisional processes from gps data: Dynamics of the peri-adriatic belts[END_REF]).

(geodesy.unr.edu/NGLStationPages/stations/).

The sensitivity kernels have been computed using the Python library disba that implements a subset of codes from Computer Programs in Seismology [START_REF] Herrmann | Computer programs in seismology: An evolving tool for instruction and research[END_REF]).

The Vp, Vs of the rocks has been chosen according to the study of [START_REF] Zhang | Petrologic composition model of the upper crust in bohai bay basin, china, based on lamé impedances[END_REF].

('https://pypi.org/project/disba/') Waveform data used in this paper belong to the network with code: Istituto Nazionale di Geofisica e Vulcanologia (INGV) (2005) coefficient mapping of the precipitation data highlights the areas where precipitation is seasonal (seasonality coefficient greater than 0.6). A strong difference in the seasonality of the precipitation data is present between the stations located in the East and the West of the Apennines. On the Tyrrhenian part, and more precisely on Sicily, the precipitation exhibit a seasonality of 0.7 while the Adriatic side indicates a correlation coefficient of 0.2 meaning that the seasonal variations are not dominant on precipitation data.

Comparing the two maps of seasonality coefficients between velocity variations and precipitation it is obvious that precipitation will not be able to explain all the seasonal variations observed on the δv/v over the whole country. Nonetheless, the areas with seasonal precipitation will possibly explain the seasonal δv/v observed at the seismological stations. Among the regions where precipitation and velocity variations are seasonal, we can mention all the stations located on the Apennines and the ones located in Sicily.

S2-GPS vertical displacement and seismic velocity variations

In this section, we determine if the surface deformations registered by the GPS are correlated with the seasonal velocity variations.

It should be remembered that two types of phenomena related to water movement at depth have been identified using GPS vertical displacement data: 1) a rise in water level increases the surface load, inducing elastic deformation of the crust (subsidence -negative vertical displacement of the GPS) associated with the horizontal extension. When the water level decreases, the loading decreases inducing a relaxation of the crust and generating a positive GPS vertical displacement i.e an uplift [START_REF] Bettinelli | Seasonal variations of seismicity and geodetic strain in the himalaya induced by surface hydrology[END_REF], [START_REF] Overacker | Vertical land motion of the high plains aquifer region of the united states: Effect of aquifer confinement style, climate variability, and anthropogenic activity[END_REF]). 2) the second observed phenomenon is a subsidence related to the decrease of the water level in the aquifer related to excessive pumping for agriculture [START_REF] Faunt | Water availability and land subsidence in the central valley, california, usa[END_REF], [START_REF] Galloway | Land subsidence in the United States[END_REF]) or natural causes in the case of a confined aquifer. By knowing the relationship between water movements at depth and the vertical displacements of the GPS, it becomes possible to locate the position of aquifers. If the water table variations at depth are governed by annual seasonal variations, then the surface deformations generated by these water movements should also be seasonal.

We first determine in Italy the regions where the vertical displacements of GPS record a seasonal variation. The 428 GPS time series are stabilized by calculating a 2-month smoothed version, then a correlation coefficient is calculated between all available years of the time series. Finally, the average of these correlation coefficients is plotted for each station. The result is presented in Fig. 4.17a using a natural neighborhood interpolation between GPS stations. The results indicate that some regions show high values of the correlation coefficient (CC ≥ 0.6), indicating a strong seasonality on the GPS measurements and are present in Sicily, across the Apennines, and in the Po plain in the North.

We saw in chapter 3 that seasonality on δv/v s could be located in different period bands depending on the depth of the aquifer. Thus, the maximum of the seasonality coefficient has been selected in the set of periods 0.5-1s, 1-2s, 2-3s, and 1-3s for each station. As usual, the results have been interpolated between the stations. The result is shown in Fig. 4.17b.

The description of the two maps indicates that the seasonality pattern between the GPS data and the velocity changes is well correlated spatially. The entire Apennines, Sicily and the Puglia region show a seasonality coefficient greater than 0.7 in both cases. Only the western part of the Po plain remains uncorrelated, probably due to the low density of seismological stations in this area.

S3-Filling in a case of a confined aquifer, example at Parma Unlike unconfined aquifers that are recharged primarily by rainfall, confined aquifers are not recharged by vertical but horizontal inflows. Locally, the hydro-stratigraphic system is composed of juxtaposed and overlapping aquifer reservoirs, partially or totally isolated by permeability barriers made of clayey sedimentary bodies (Fig. 4.18). Groundwater is recharged upstream of the urbanized area where: 1) the shallow aquifer develops;

2) the rivers are hydraulically connected to the groundwater; 3) the neighboring reliefs (Apennines) feed laterally the alluvial aquifer [START_REF] Teatini | Groundwater pumping and land subsidence in the emilia-romagna coastland, italy: Modeling the past occurrence and the future trend[END_REF][START_REF] Zanini | A multidisciplinary approach to evaluate the effectiveness of natural attenuation at a contaminated site[END_REF].

S4-Example in a karstic system: the Cilento-Vallo di Diano National Park -Alburni mounts (South Italy)

The carbonate massif of the Alburni Mountains is one of the most important hydrogeological structures in the Campania region of southern Italy. It extends for about 23 km along a NW-SE axis, is 9-10 km wide, covers 246 km 2 and has a maximum altitude of 1742 m [START_REF] Ducci | Intrinsic vulnerability of the alburni karst system (southern italy)[END_REF]. The Alburni Mountains constitute a huge NW-SE oriented monocline dipping to the SW, composed of a Mesozoic-Cenozoic succession (limestone-flysh) of about 1500 m thickness, mainly formed by shallow water limestones (Fig. 4.19) [START_REF]Le piattaforme carbonatiche periadriatiche. una rassegna di problemi nel quadro geodinamico mesozoico dell'area mediterranea[END_REF][START_REF]Structural pattern of the campania-lucania apennines[END_REF][START_REF] Patacca | Geology of the southern apennines[END_REF][START_REF] Cafaro | Morphometric analysis of karst features of the alburni mts, southern apennines, italy[END_REF]. The main infiltration areas are mainly concentrated on the plateau at altitudes between 1000 and 1600m with several karst systems reaching a depth of 500 m from the shelf [START_REF] Parise | Tracer tests history in the alburni massif (southern italy)[END_REF][START_REF] Bellucci | Monti Alburni: ricerche speleologiche[END_REF][START_REF] Giulivo | I monti alburni[END_REF]. However, according to other studies, a large part of the water table and the most important springs are located at altitudes between 60 and 150m [START_REF] Ducci | Intrinsic vulnerability of the alburni karst system (southern italy)[END_REF][START_REF] Santo | Idrogeologia dell'area carsica di castelcivita (m. alburni-sa)[END_REF][START_REF] Celico | Aspetti idrogeologici del bacino del fucino[END_REF].

The station IV.CDRU used in this study is located at 1047m of altitude on the south part of mount Alburni and shows seasonal variations(amplitude of 0.2%) on the δv/v computed between 1 and 3s of period. The maximum is reached in winter when the maximum of precipitations occur while the minimum is in summer during the dry period.

To understand better the variations of the δv/v, we compare the temporal series with the synthetic δv/v obtained from precipitations data; but also with the precipitation itself and the vertical displacement of the GPS recorded at CDRU GPS station. The results shown in figure 4.20 indicate that we are in a case of an unconfined aquifer: the vertical displacement of the GPS is anti-correlated with the precipitation. This observation is coherent with the geology of the mount which is a carbonate area with karsts in the shallow part (Fig.4.19).

In Greece, we have seen that karstic aquifers are deep and that the δv/v varies inversely with the amount of water in the soil. Then in case of precipitations, the wave velocity decrease. In the case of Alburni mountains we are in the case of shallow-water carbonates as referred by Kelemework et al. ( 2021), Parise and Santo (2017) with a karstic system existing at ≈ 500m under the shelf. This information allows us to consider that the aquifers are above the depth of the considered period band used in this study (1-3s of period is approximately 1-2km depth). Furthermore, the drainage network is not continuous; there are several endorheic basins and large areas without surface drainage [START_REF] Ducci | Intrinsic vulnerability of the alburni karst system (southern italy)[END_REF]. The high number of caves (more than 100) present in the Alburni mountain may explain why we see a δv/v correlated with precipitation: these caves fill up during rainfall and induce a contraction of the crust at greater depths. Thus, the mechanism The δv/v is correlated with the precipitations but anti-correlated with the vertical displacement recorded at the CDRU GPS station.

observed inside the Alburni mount is not the presence of water inside the karst system, but the weight of water which induces a contraction on the below carbonates.

S5-Velocity variations, example at Fucino plain

The Fucino catchment area covers almost 900 km2 and is the most important intramountain depression of the Apennines. Its evolution has been governed by major faults oriented E-W on its northern edge and NW-SE on its eastern edge. These faults have allowed the deposition of the maximum thickness of recent sediments in the northeastern sector, where it exceeds 1000 m [START_REF] Petitta | Impact of farming on the water resources of the fucino plain (central italy)[END_REF].

The sedimentary sequences, filling the basin, are in the lower part (Pliocene) mainly made up of breccias and alluvium, with lacustrine deposits and an upper unit (Upper Pliocene-Holocene), which is made up of lacustrine and alluvial deposits [START_REF] Cavinato | Sedimentary and tectonic evolution of plio-pleistocene alluvial and lacustrine deposits of fucino basin (central italy)[END_REF].

The Quaternary sedimentary sequence is closed by thick lacustrine deposits in the center of the Plain [START_REF] Galadini | Nuovi dati sulla tettonica tardopleistocenica dell'alta valle dei sangro (apennino centrale): implicazioni sismotettoniche[END_REF], with scree deposits of variable grain size at the edges [START_REF] Cavinato | Extensional basins in the tectonically bimodal central apennines fold-thrust belt, italy: response to corner flow above a subducting slab in retrograde motion[END_REF][START_REF] Petitta | Impact of farming on the water resources of the fucino plain (central italy)[END_REF].

The landforms bordering the alluvium-filled basin consist mainly of intensely fractured carbonate massifs of Meso-Cenozoic age. The carbonate domain, represented by the reliefs and which constitutes the bedrock of the plain, has a high permeability due to fissuring and karst. This domain contains the main aquifers with a high effective infiltration (even higher than 800 mm/year; [START_REF] Boni | Schema idrogeologico dell'Italia centrale[END_REF]) and is divided into different hydrogeological units. These units have well-defined boundaries and separate groundwater flow paths to distinct discharge areas. The detrital-alluvial domain consists of plio-quaternary fills with variable permeability, depending on their grain size. This domain contains a multilayered aquifer, bounded by low-permeability sediments. Locally, confined aquifers are also present. Ancient detrital deposits, both buried and exposed at the edge of the plain, connect the carbonate aquifers to the alluvium. Locally, due to their medium-low permeability, these deposits facilitate the overflow of groundwater from the carbonate aquifers into the fluvio-lacustrine alluvium (Fig. 4.21-Left) [START_REF] Petitta | Impact of farming on the water resources of the fucino plain (central italy)[END_REF]. In this section, we study the velocity variations computed in the 1-3s period band of two stations IV.PTQR and IV.VVLD located respectively on the plain aquifer, and the carbonate aquifer (Fig. 4.21a) and separated by 25km.

Both display seasonal variations on their time series (Fig. 4.21b): PTQR station located on the plain aquifer shows variations of 0.1% with the maximum amplitude during winter and the minimum during summer. On the other hand, the VVLD station located on the karstic aquifer shows the maximum of oscillations (amplitude of 0.2%) during the summer season, and the minimum is reached during winter.

This result indicates that the velocity variations for two stations relatively close to each other and located in the same area may show seasonal velocity variations but not in phase.

As the two stations are spatially close, the precipitation data are the same for both sites: the data show maximum precipitation reached in winter and a minimum in summer with an annual average of 850mm/year (Fig. 4.16).

From the observations and the results obtained in Greece, we suppose that the δv/v measurements on karstic aquifers are anti-correlated with the precipitations data (poroelastic effect) whereas δv/v measurements are correlated with the rainy season in the case of an alluvial shallow unconfined aquifer (elastic effect) in the 1-3s period band. To determine if the precipitation is indeed at the origin of the velocity variations in this region we computed for the two stations a synthetic δv/v from the equation of [START_REF] Rivet | Improved detection of preeruptive seismic velocity drops at the piton de la fournaise volcano[END_REF] and [START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF] (the details of the equations are found in chapter 3):

δv/v syn (t) =< δv/v(t) > + cov[δv/v(t), h(t)] var(h(t)) * h(t) (4.1)
where h(t) represents the water level within the aquifer.

Results of the synthetic δv/v 22c & e show the result of the synthetic δv/v computed from precipitations data for both stations IV.PTQR and IV.VVLD. At the IV.PTQR station, located on the plain aquifer, the δv/v is correlated with the precipitation data which is higher in winter than in summer. However, the correlation coefficient between the synthetic δv/v and the observed one is only of 0.2. At the IV.VVLD station, located on the karstic aquifer, we observed a high similarity between the two δv/v indicating that we can explain the velocity variations by the local precipitation. The correlation coefficient between the two curves reaches 0.65.

Discussion of the results

The velocity variations obtained at the two stations are anti-correlated. In the case of the VVLD station, we record a decrease of the velocity with the inflow of water in the soil.

While for the PTQR station, we see an elastic effect due to the weight of the aquifer.

We sought to explain the nature of these δv/v s by calculating a synthetic δv/v from the precipitation which is the same for both sites because the inter-station distance is relatively small (25 km). The results obtained indicate that we find a coherent δv/v at the VVLD site (karstic aquifer) whereas the synthetic δv/v at the PTQR station is not conclusive.

We do believe that the results obtained at the VVLD station are representative and indicate that karst domains are indeed sensitive to water movement and precipitation.

The question is why the synthetic δv/v found at the PTQR station is not as conclusive in this case. In the Fucino plain, numerous wells have been drawing water resources since the 1960s.

The most productive areas are located on the margins of the plain, where shallow wells can intercept water trapped in the carbonates (Celico and Celico, 1994) (Fig.4.23). Italian legislation has divided the responsibilities for well management between different institutional entities: the Consorzio Acquedottistico Marsicano (CAM) manages the wells for drinking water, concentrated in the areas north of the Plain. The Consorzio di Bonifica exploited and distributed the water contained in the canals only in summer for agricultural needs and compensated for the dry period. Individual owners and farms also pump water from wells to cover their personal needs [START_REF] Burri | Farming and water management in the fucino plain (central italy) in the last century[END_REF]. Figure 4.23 shows the location of the wells in the Fucino plain. The seismological station IV.PTQR is located in the area with the greatest presence of wells. Thus we believe that the seasonal variations observed in the δv/v calculated at this station represent the drawing of water resources which takes place mainly in summer to cover the dry period for agriculture. The weight of water in the shallow unconfined aquifers being less heavy results in a relaxation of the crust in summer and a decrease in seismic velocities. In contrast, during wet periods (October to March) the weight of water-filled aquifers causes the crust to contract at depth, thus increasing seismic velocities [START_REF] Petitta | Impact of farming on the water resources of the fucino plain (central italy)[END_REF][START_REF] Burri | Farming and water management in the fucino plain (central italy) in the last century[END_REF].

Conclusion

The seasonal variations of δv/v s measured in Italy can be partially explained by the variations of precipitation. Indeed, we observed that precipitation has a seasonal behavior in some regions in Italy, and, in unconfined systems, it can explain the seasonal behavior of δv/v measurement. However, as we have shown through our example in the Fucino plain if the precipitation does not allow us to find the variations of velocity while both are seasonal, then it could mean that another phenomenon is at the origin of the variations of velocity.

In this case, the search for the presence of agricultural exploitation is recommended.

Introduction

Seismic wave fronts propagating through the earth are deformed by interaction with heterogeneities that scatter a fraction of their energy in different directions. Some of the waves generated at the source can be reflected, refracted, or transmitted at the interface between geological layers, while others can be refracted or reflected when they encounter heterogeneities in the earth's crust [START_REF] Aki | Origin of coda waves: source, attenuation, and scattering effects[END_REF]. The sum of all these interactions results in a scattered wave field called coda. Although difficult to analyze in a deterministic way, the coda wave is not random. It can be understood as the superposition of all possible wavefronts that have propagated through many different paths on their way from the source to the receiver [START_REF] Snieder | Imaging and averaging in complex media[END_REF][START_REF] Pacheco | Time-lapse traveltime change of singly scattered acoustic waves[END_REF][START_REF] Obermann | Imaging preeruptive and coeruptive structural and mechanical changes of a volcano with ambient seismic noise[END_REF][START_REF] Barajas | Coupled body and surface wave sensitivity kernels for coda-wave interferometry in a three-dimensional scalar scattering medium[END_REF]. The particular way in which the coda is perturbed over time is closely related to the travel time of the seismic wave from the source to the receiver, and to the location of the perturbation in the medium.
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Time-lapse monitoring using noise correlations coda waves makes it possible to continuously determine crustal changes. The lateral and depth sensitivity of δv/v measurements depends on the frequency and the lapse time in the coda (deeper sampling for longer time intervals) [START_REF] Obermann | Imaging preeruptive and coeruptive structural and mechanical changes of a volcano with ambient seismic noise[END_REF][START_REF] Obermann | Seismic noise correlations to image structural and mechanical changes associated with the mw 7.9 2008 wenchuan earthquake[END_REF][START_REF] Poli | Seasonal and coseismic velocity variation in the region of l'aquila from single station measurements and implications for crustal rheology[END_REF].

One main question motivates this chapter: At which depths do the seasonal changes observed in Greece and Italy occur? Are they concentrated in the subsurface or do we have deeper changes in the crust as suggested by [START_REF] Poli | Seasonal and coseismic velocity variation in the region of l'aquila from single station measurements and implications for crustal rheology[END_REF]?

We have highlighted in chapters 3 and 4 that the velocity variations show seasonal changes at different depths. These seasonal changes occur specifically close to aquifers and are associated with the hydrological cycle. By extending our study to several period bands, but also to several lapse times we can obtain measurements sensitive to different depths. However, as shown in Chapter 2, the seasonal change of the seismic noise sources at long periods makes it difficult to obtain reliable δv/v measurements at periods greater than 3s. Thus, we are only able to monitor the crust in the 0.5-3s period band. Here, we explore an alternative approach that consists in computing δv/v as a function of the coda lapse time to determine if deeper changes occur in the crust.

We first discuss the sensitivity of body and surface waves with respect to the coda lapse time. Then, we compute velocity variations at different lapse times up to 120s in the coda in Italy and Greece. Then, we present 3 study cases in Greece related to seasonal velocity variations observed at late lapse time.

Sensitivity kernel

In the first chapter of this thesis, we introduced coda waves. We have seen that two mechanisms explain the attenuation of coda waves: scattering and intrinsic attenuation or absorption. To describe wave propagation in a heterogeneous medium, we introduce the scattering mean free path l sc (or scattering mean free time, τ ). It is defined as the mean distance (or time) between two scattering events. In the terrestrial crust and around 1 Hz, this quantity can be estimated at around 100 km [START_REF] Sato | Seismic wave propagation and scattering in the heterogeneous earth[END_REF], while in the volcanic areas, which are more heterogeneous media, the scattering mean free path can be less than 1 km [START_REF] Wegler | Analysis of multiple scattering at vesuvius volcano, italy, using data of the tomoves active seismic experiment[END_REF].

Scattering regimes

Depending on the scattering mean free path and the lapse time, three transport regimes can be defined in a scattering medium of characteristic dimension L (Fig. 5.1). 1) Ballistic regime occurs on a very short length scale (L << l sc ). As the scattered intensity is negligible, we consider that the plane wave passes through the medium without losing energy. Therefore, the wave field is exclusively coherent (or ballistic). This regime is well-known in the field of seismology, where the ray theory is sufficient to model it.

2) Single scattering regime (L l sc ) describes a situation in which the waves interact only one time with the heterogeneities of the medium. In other words, the interaction with the medium is weak but enough to be scattered once. In this situation, the coherent (or ballistic) waves are still dominant. The single scattering provides a good description of the propagation characteristics at small distances from the source and at a short lapse time from the source origin time. Seismic (migration) methods for locating the interfaces between the different geological layers of the subsurface use the concept of single scattering [START_REF] Bleistein | Mathematics of multidimensional seismic imaging, migration, and inversion[END_REF].

3) In the multiple scattering regime (L >> l sc ), the ballistic waves disappear through multiple interactions with the scatterers. As the time increases, the coherent waves are strongly attenuated and the wave field is dominated by the incoherent part. Classical seismic methods, based on ballistic wave paths such as ray theory or velocity tomography, are no longer applicable. This implies that as we go to longer lapse time, the composition of the coda wavefield change. The beginning of the noise correlations coda waves is expected to be dominated by surface waves, whereas the ratio of the energy of body/surface waves is expected to increase as surface waves are progressively converted into body waves. At long lapse time, in the multiple scattering regime, this ratio is stabilizing as equipartition is reached.

Sensitivity of the surface waves

The sensitivity kernels are the link between the dispersion velocity and the internal structure of the Earth. Depending on the type of propagation and therefore the lapse-time of the correlation, the type of wave present in the signal, their lateral sensitivity and depth sensitivity vary. For the surface waves, the sensibility to the depth is related to the period.
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Surface waves propagate at the earth's surface and are primarily confined to the outer layers [START_REF] Stein | Books-an introduction to seismology, earthquakes, and earth structure[END_REF]. Their dispersive nature means that their propagation velocity depends on the period of the wave. This characteristic is used to obtain information about the medium at different depths. Small wavelength (or short period) surface waves propagate at shallow depths and sample the shallow layers, while long wavelength (high period) surface waves penetrate to greater depths and sample the deeper layers. Figure 5.2 illustrates the dispersive nature of the surface waves. At greater period, the surface wave sensitivity reaches deeper structure. We have seen previously that surface waves are dispersive and that their sensitivity at depth is therefore related to the period of the waves. The sensitivity of the direct Rayleigh waves traveling between two stations is in first approximation on the great circle arc connecting the two stations, the depth sensitivity depending on the period considered.

The surface wave part of the coda wavefield has a lateral sensitivity that depends on the lapse time: as the lapse time increases, the surface waves have more time to travel through the medium, and it is thus sensitive to a greater area that depends on the scattering mean free path (see section 5.2.1).

Body and surface waves sensitivity to perturbations at depth

The sensitivity of the coda wavefield to a velocity change in the crust at a given depth depends on both the surface and body wave sensitivity. The ratio of the energy of body and surface waves depends on the lapse time as the interaction of the wavefield with heterogeneities in the medium induces conversion between body and surface waves.

The participation of each type of wave on the sensitivity is highly dependent on the CHAPTER 5. EXPLORATION OF THE CRUST WITH PASSIVE INTERFEROMETRY 138 lapse time, and therefore, in the current propagation regime of the system. To overcome this complication, several studies have conducted elastic wavefield simulations on 2D [START_REF] Obermann | Imaging preeruptive and coeruptive structural and mechanical changes of a volcano with ambient seismic noise[END_REF], 3D [START_REF] Obermann | Lapse-timedependent coda-wave depth sensitivity to local velocity perturbations in 3-D heterogeneous elastic media[END_REF], and have used Radiative Transfer Theory to model scalar wavefields [START_REF] Barajas | Coupled body and surface wave sensitivity kernels for coda-wave interferometry in a three-dimensional scalar scattering medium[END_REF] to study the sensitivity of coda waves to changes in the medium in a large range of lapse times. These studies have shown that the surface wave sensitivity is dominant in the early times in the coda, especially when the velocity perturbation is close to the surface, where it is within the range of the surface wave reach; this is illustrated in Figure 5.3, where it can be seen that the surface waves are more sensitive to a perturbation, at early lapse times, if it is located in the first 0.2 km. However, the scattering process and the continuous energy transformation between surface and body waves, favor the body wave sensitivity at longer lapse times, with a parallel decrease of the surface wave sensitivity. Figure 5.3 also shows that the deeper parts of the medium (over 0.75 km deep, in particular this example), are sampled only by the body waves, and therefore, only visible through the body wave sensitivity. This is related to the inherent limit of the surface wave reach at a given frequency. The contribution of each type of wave to the sensitivity of coda waves at different lapse times depends on the time partition coefficients shown in Figure 5.4, which are similar to the partition coefficients defined by [START_REF] Obermann | Imaging preeruptive and coeruptive structural and mechanical changes of a volcano with ambient seismic noise[END_REF][START_REF] Obermann | Lapse-timedependent coda-wave depth sensitivity to local velocity perturbations in 3-D heterogeneous elastic media[END_REF]. Each of these coefficients is representative of the amount of energy and time for a given type of wave (surface or body) sampling the perturbation, relative to the total sampling wavefield energy. Figure 5.4 shows that the dominating type of sensitivity changes from surface waves at early lapse times, to body waves at later lapse times. It must be noted, however, that the surface wave sensitivity never completely disappears, given the ongoing conversion between the different types of waves. The normalized horizontal axis of Figure 5.4 shows an important aspect of the conversion between surface and body waves: the body wave CHAPTER 5. EXPLORATION OF THE CRUST WITH PASSIVE INTERFEROMETRY 139 sensitivity becomes dominant faster when the mean free time is low, which implies a high degree of scattering, as is observed in volcanic areas. Inversely, when the medium is less heterogeneous, the surface wave sensitivity dominates for a longer time, as there is less scattering in this case, and therefore, the exchange of energy between body and surface wave energy is less frequent. A more detailed discussion of the relation between the mean free path and the reach of the surface waves can be found at [START_REF] Barajas | Coupled body and surface wave sensitivity kernels for coda-wave interferometry in a three-dimensional scalar scattering medium[END_REF]. In the next section, we explore the lateral sensitivity of the coda waves as a function of the lapse time.

Lateral sensitivity of the coda waves as a function of the lapse time

Obermann et al. ( 2014) analyzed the ambient seismic noise to locate the changes associated with the Wenchuan earthquake in 2008. To that end, they calculated the probabilistic wave propagation in the multiple scattering regime by solving the radiative transfer equation. Thus, they described the probability that the wave has traveled between two points in the medium during a time t. The sensitivity kernel is a measure of this statistical time spent in each part of the region at test. An example of the sensitivity kernel K is shown in Figure 5.5a, for very early times in the coda (t ∆/v), compared to the interstation distance ∆, and in Figure 5.5b for later times (t > ∆/v). They notice that at early times, the waves only sampled a small area along the direct trajectory between the stations, while at later times they became sensitive to a much larger region. In order to look for possible deep seasonal changes of velocity in the crust, we compute velocity variations at different lapse times in the coda of noise autocorrelations using a sliding window between 15 and 120s. Each window used has a length of 30s. We then compute a seasonality coefficient at each station and interpolate the values between stations to obtain the maps in Figure 5.6. We consider in the following that the δv/v exhibits seasonality if the seasonality coefficient (SC) > 0.6.

As shown in Fig. 5.6, there are more stations that are associated with seasonal velocity variations in the early coda than at later lapse time. Between 15s-45s most of the seasonal velocity variations are observed along the Apennines and close to karst aquifers. The amplitude of the seasonality seems to reduce progressively with the lapse time at most of the stations (like FIR or CMPR). However, some exceptions exist: for example ORI and PTQR stations where the amplitude of the seasonality increases with the lapse time (Fig. 5.6). Finally in the 90-120s in the coda, 3 main areas seem to show apparent seasonal δv/v: the Po plain, the Campania region, and Sicily. The resulting surface wave kernel (Fig. 5.7b) suggests sensitivity in the uppermost 4km of the crust. Figure 5.7a gives the calculated normalized body wave kernel. The results obtained show that using a mean free path (l) equal to 100 km (low-frequency regime), the depth sensitivity is deeper than when considering a small mean free path (l) equal to 10 km. This indicates that the depth sensitivity of body waves depends on the scattering mean free path. As the lapse time increases from 20s to 50s, scattered body waves become sensitive to greater depth. This result suggests that by observing the temporal evolution of δv/v across the coda, we can obtain information about velocity changes in deeper layers.

A similar conclusion was reached by Obermann et al. ( 2013) using numerical modeling.

Finally, by analyzing the 17 years of data (2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016)(2017) at the AQU station, the authors have isolated several processes controlling the δv/v variations: 1) velocity changes due to coseismic drops due to the M6 earthquakes in 2009 (Aquila) followed by Amatrice-Visso-Norcia in 2016; 2) annual perturbations interpreted as temperature variations; 3) and multi-year variation associated with hydrological cycles inducing crustal expansion [START_REF] Silverii | Transient crustal deformation from karst aquifers hydrology in the apennines (italy)[END_REF].

By modeling the relative contribution of multi-year and seasonal δv/v effects using a phenomenological model, [START_REF] Poli | Seasonal and coseismic velocity variation in the region of l'aquila from single station measurements and implications for crustal rheology[END_REF] show that the amplitude of the short-term cycle decreases as lapse time increases, the opposite behavior is observed for the amplitude of the five-year cycle. This indicates that the annual cycle is sensitive to the near-surface while the increase of the long-term amplitude suggests a region at depth that has a sensitivity to long-period forcing [START_REF] Obermann | Imaging preeruptive and coeruptive structural and mechanical changes of a volcano with ambient seismic noise[END_REF][START_REF] Hillers | Seismic velocity change patterns along the san jacinto fault zone following the 2010 m 7.2 el mayor-cucapah and m 5.4 collins valley earthquakes[END_REF].

One of the hypotheses put forward by [START_REF] Poli | Seasonal and coseismic velocity variation in the region of l'aquila from single station measurements and implications for crustal rheology[END_REF] to explain these late velocity variations in the middle/lower crust may be due to the forcing induced by the change in the water table which is responsible for the velocity changes (elastic effect). Thus, the loading induces an increase in pore pressure and controls the drop in velocity [START_REF] Froment | Deformation at depth associated with the 12 may 2008 mw 7.9 wenchuan earthquake from seismic ambient noise monitoring[END_REF][START_REF] Obermann | Seismic noise correlations to image structural and mechanical changes associated with the mw 7.9 2008 wenchuan earthquake[END_REF] and vice versa. Another possibility would be the presence of an intensively cracked area rich in fluid. Indeed, cracks have been demonstrated to be a dominant contributor to nonlinear elastic behavior (e.g. [START_REF] Johnson | The new wave in acoustic testing[END_REF]). Yet crack density should decrease with depth due to lithostatic pressure [START_REF] Tod | Bed-limited cracks in effective medium theory[END_REF], so sensitivity should decrease for greater lapse time (or depth), assuming fluid pressures do not vary drastically.

However, the results obtained by [START_REF] Poli | Seasonal and coseismic velocity variation in the region of l'aquila from single station measurements and implications for crustal rheology[END_REF] show that for long-term deformation (5y cycle), the sensitivity increases with the lapse time, thus suggesting that there is an intensely cracked zone. We investigate in the next section, the possibility that overpressurized fluids in the area favor the high crack density at depth in Italy.

Presence of over-pressurized fluid at depth in Italy

In Italy, many studies suggest the presence of pressurized fluid between 5-10km depth in the Apennines region. [START_REF] Terakawa | High-pressure fluid at hypocentral depths in the l'aquila region inferred from earthquake focal mechanisms[END_REF] developed a data analysis technique called focal mechanism tomography (FMT) to directly estimate the three-dimensional (3D) distribution of fluid pressure at depth. To do this, they examine the focal mechanisms of seismic events that occurred in the seismic sequence of the 2009 L'Aquila earthquake.

The results conclude on the presence of 3 fluid volumes; at depths between 5 and 15km and with pressure locally reaching 50MPa. A study was also conducted on the V p/V s ratios in the Aquila area [START_REF] Lucente | Temporal variation of seismic velocity and anisotropy before the 2009 mw 6.3 l'aquila earthquake, italy[END_REF][START_REF] Di Luccio | Normal faults and thrusts reactivated by deep fluids: The 6 april 2009 mw 6.3 l'aquila earthquake, central italy[END_REF] and indicates the presence of pressurized fluid at depth.

Furthermore, the predominant carbonate nature (∼7km thick [START_REF] Minissale | Origin, transport and discharge of co2 in central italy[END_REF])) of the seismogenic crust makes it a favorable candidate for deep reservoir formation. The present shallow dipping thrusts and normal faults could serve as structural traps where fluids could accumulate and generate over-pressured reservoirs [START_REF] Chiodini | Carbon dioxide earth degassing and seismogenesis in central and southern italy[END_REF][START_REF] Chiodini | Geochemical evidence for and characterization of co2 rich gas sources in the epicentral area of the abruzzo 2009 earthquakes[END_REF][START_REF] Pastori | Shear wave splitting evidence and relations with stress field and major faults from the "amatrice-visso-norcia seismic sequence[END_REF] and increase the crack density the long of the Apennines (Fig. 5.8). Finally, putting together our observations, the results of [START_REF] Poli | Seasonal and coseismic velocity variation in the region of l'aquila from single station measurements and implications for crustal rheology[END_REF] and other geophysical information, we suggest the existence of depth-isolated areas in Italy, intensely cracked and fluid-rich, damaged region into the middle-lower crust. At this depth, the strong sensitivity is related to the presence of fluids [START_REF] Chiodini | Carbon dioxide earth degassing and seismogenesis in central and southern italy[END_REF][START_REF] Chiodini | Geochemical evidence for and characterization of co2 rich gas sources in the epicentral area of the abruzzo 2009 earthquakes[END_REF], reducing the effective pressure, thus favoring high crack density [START_REF] Hamiel | Stable and unstable damage evolution in rocks with implications to fracturing of granite[END_REF] and making the material more susceptible to elastic changes.

Evolution of the δv/v measurement with the lapse time in Greece

In this section we investigate in the first part the velocity variations at low period (0.5-3s), then, the velocity variations as a function of the lapse time for the 1-3s period band in Greece.
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In our analysis, we are looking at the 1-3s period band corresponding to the near-surface crust. We have seen previously that this period band allows us to highlight velocity changes associated with the hydrological cycle and more precisely the charge and discharge of aquifers. Besides, the choice of the 1-3s period band has been chosen because of two constraints: the δv/v measurements are dominated by the seasonal variations of the noise source above 3s of period, and the RMS of the δv/v is too high to investigate the frequency larger than 2Hz. Finally, in order to maximize the SNR of the correlation, a 2-month average has been performed on the auto-correlation measurement before measuring the δv/v with the stretching method. Assuming that coda waves at early lapse times are made of scattered surface waves, the depth penetration of seismic waves is a function of the period. Thus the lower the period, the shallower the sensitivity, and vice versa. In order to determine approximately the depth at which the seasonal velocity changes occur, we compute sensitivity kernels for a crustal model made of 5 layers with and without aquifers: soft sediments, hard sediments, upper crust, middle crust and lower crust. The aquifer of thickness 200m is characterized by a V p = 2.1km/s and a V s = 0.5km/s (Fig. 5.9). Figure 5.9a presents the sensitivity kernel for a medium without aquifers. The 0.5s and 1s of period are mainly sensitive to the first kilometer while the 2s of period is sensitive to the uppermost 2km. The sensitivity at 3s reaches deeper structures up to 5km. The resulting sensitivity kernels in the presence of a 200 m thick aquifer are shown in Figure 5.9b&c. The results show that the kernels at short periods are mainly sensitive to a depth similar to the aquifer, whether the aquifer is located at the surface or at a depth of 1km. Between 1-2s (Fig. 5.10b) we see that the seasonality pattern initially observed between 0.5-1s is different and more spatially extended: the seasonality coefficient measured in the Gulf of Corinth decreases with the period, but the seasonality extends towards the north of Greece up to the Thessaly region ('Th' on the maps). In Peloponnese, the seasonality coefficient becomes less than 0.7 at periods greater than 2s, indicating that the seasonal changes occur mainly at shallow depths.

Finally, it is at greater depths/periods (2-3s (Fig. 5.10c)) that the seasonality pattern reaches its maximum extent: a North-West/South-East axis is visible in Central Greece affecting the Thessaly and Western Macedonia region where many local aquifers exist. The Northern region, which has never been seasonal, becomes so with values of the seasonality coefficient reaching values of 0.65/0.7. The southern Peloponnese is also well marked by seasonal patterns while Crete no longer shows any δv/v exhibiting seasonality. According to the kernel computed with an aquifer layer, the 2-3s period is mostly sensitive to the depth of the aquifers.

The last figure Fig. 5.10d represents the seasonality coefficient calculated on the broadband 1-3s period. From the results obtained on the previous maps, we can see that the seasonality coefficient map in the 1-3s period band is an average of the seasonality coefficient obtained between 1-2s and 2-3s.

Finally, using the early coda (15-55s) and assuming that the coda is dominated by surface waves, we can see that globally the seasonality increase with the period, i.e meaning that we do not detect shallow changes but deep ones (1-2km). On the other hand, in the Corinth Gulf or western Crete, the seasonality variations are important at low periods (0.5-1s) indicating that they are superficial.

According to the study of [START_REF] Louis | The contribution of geophysical methods in the determination of aquifer parameters: the case of mornos river delta, greece[END_REF]; [START_REF] Kanta | The application of time domain electromagnetic method to characterize the keritis basin, in western crete, greece[END_REF][START_REF] Kanta | Aquifer characterization using shallow geophysics in the keritis basin of western crete, greece[END_REF]; [START_REF] Parisi | Assessment and mapping of the BIBLIOGRAPHY 233 intrinsic vulnerability to pollution: an example from keritis river basin (northwestern crete, greece)[END_REF]; [START_REF] Antonakos | Spatial interpolation for the distribution of groundwater level in an area of complex geology using widely available gis tools[END_REF] or [START_REF] Ghikas | Flow pattern of a karst aquifer in the molai area, greece[END_REF] shallow alluvial aquifers exist in the areas exhibiting seasonality at low periods (0.5-1s). On the contrary, at higher periods, most of the seasonal velocity variations are correlated with deeper aquifers [START_REF] Kavouri | Spatially distributed recharge in karst groundwater modelling[END_REF][START_REF] Kavouri | Evaluation of temporal storage zones in karstic aquifers using hydrogeochemical analysis[END_REF][START_REF] Hermides | Origin of halogens and their use as environmental tracers in aquifers of thriassion plain, attica, greece[END_REF][START_REF] Kontogianni | Ground subsidence, quaternary faults and vulnerability of utilities and transportation networks in thessaly, greece[END_REF][START_REF] Argyrakis | Anthropogenically induced subsidence in thessaly, central greece: new evidence from gnss data[END_REF].

To precise if deep perturbations exist and are recorded by the velocity variations, we compute the δv/v as a function of the lapse time in the 1-3s of period.

Seasonal variations of velocity measured at different coda lapse time

In this section, we present δv/v measurements performed as a function of the lapse time, in order to qualitatively determine whether there are deep changes in velocity. Six windows of 30s from 15s to 120s length have been investigated. The resulting seasonality maps are shown in Fig5.11. We consider that the δv/v s are seasonal when the seasonality coefficient (SC ) is greater than 0.6 (red) and that there is no seasonal variation when the SC is lower than 0.4. A global overview of the 6 figures allows us to identify that the velocity changes are mostly seasonal at early lapse time(15s to 60s Fig. 5.11.a&b), and decrease with the lapse time. Hence almost no seasonal variations are detected in the last coda window 90-120s (Fig. 5.10e) (like LRSO and ITM stations). However there are some exceptions; for example, we can see that at AXAR and ZKR which are located respectively in central Greece and Crete, the seasonality of the velocity variations increases with the lapse time.

It reached its maximum at 75s and 105s for ZKR and AXAR respectively. According to the body waves sensitivity kernel presented by [START_REF] Poli | Seasonal and coseismic velocity variation in the region of l'aquila from single station measurements and implications for crustal rheology[END_REF] (Fig. 5.7), we can quantitatively deduce a depth range of the perturbations. If we consider a scattering mean free path between 10 and 100km and a lapse time of 50s, the body waves are sensitive up to 10km in the crust. Thus, between 60 to 120s, body waves are less sensitive to depths less than 10km, and more sensitive to depths larger than 10km meaning that the Fig. 5.10d , e and f show velocity variations are related to deep perturbations.

Do geothermal fluids can be at the origin of velocity variations at late lapse time?

If the results obtained in the early coda can be related to the dynamic of aquifers, then the results obtained in the late coda seem to indicate a correlation with the location of low to medium enthalpy geothermal zones located at variable depths (from 500m to a few kilometers) [START_REF] Mendrinos | Exploring for geothermal resources in greece[END_REF][START_REF] Papachristou | Geothermal energy use, country update for greece (2016-2019)[END_REF] (Fig. 5.12). Indeed, these zones are mainly located in Thrace, in central Greece (Sperchios basin), in the Cyclades islands and south of Peloponnese where the SC is higher than 0.6 up to 75s in the coda. These zones are associated with deep water circulations along faults in grabens and postorogenic sedimentary basins [START_REF] Mendrinos | Exploring for geothermal resources in greece[END_REF][START_REF] Papachristou | Geothermal energy use, country update for greece (2016-2019)[END_REF][START_REF] Fytikas | Preliminary heat flow map of greece[END_REF].

Figure 5.12: Comparison between the map of heat flow density (from [START_REF] Fytikas | Preliminary heat flow map of greece[END_REF] and the seasonality map obtained for the δv/v computed in the 45-75s in the coda.

Sperchios Basin and volcanic arc

The magmatic and volcanic processes and the tectonic setting, which includes active graben and continental rift systems, favor the rise of fluids that discharge at the ground surface or the sea floor as hot springs [START_REF] Gkioni-Stavropoulou | Inventory of thermal and mineral springs of greece, i, aegean sea[END_REF][START_REF] Orfanos | Inventory of hot and mineral springs of greece, peloponnesus, zakynthos, kythira[END_REF][START_REF] Sfetsos | Inventory of hot and mineral springs of greece, iii, mainland greece[END_REF][START_REF] Kanellopoulos | Radiological and hydrochemical study of thermal and fresh groundwater samples of northern euboea and sperchios areas, greece: insights into groundwater natural radioactivity and geology[END_REF][START_REF] Kilias | New insights into hydrothermal vent processes in the unique shallow-submarine arcvolcano, kolumbo (santorini), greece[END_REF].

Eastern Sperchios basin has been recognized to have one of the highest geothermal gradients in Greece, just after the south Aegean active volcanic arc areas [START_REF] Fytikas | Preliminary heat flow map of greece[END_REF]. The geological setting of the greater area could justify that phenomenon since the whole area is located at the western extremity of the North Anatolia fault, which is related to the active spreading grabens in the area, making it one of the most neo-tectonically active areas in Greece. This zone of interest is at the periphery of the Plio-Pleistocene volcanic center of Lichades islands, which occurs along one or more of the major fault systems of the area [START_REF] Kranis | Neotectonic activity of fault zones in Central-eastern Sterea Hellas (Lokris)[END_REF] and it is the surface manifestation of a magma chamber identified at 7-8 km depth [START_REF] Karastathis | Deep structure investigations of the geothermal field of the north euboean gulf, greece, using 3-d local earthquake tomography and curie point depth analysis[END_REF]. Most probably, that magmatic chamber, with spatial shape diversity, plays the role of the heating source of the system [START_REF] Kanellopoulos | The geothermal system of northwestern euboea island and eastern sperchios areas, greece: Geological characteristics and suggested direct use applications[END_REF].

Alexandroupolis basin

The Alexandroupolis basin in Thrace, extends over an area of about 2000 km2 [START_REF] Mendrinos | Exploring for geothermal resources in greece[END_REF][START_REF] Dalampakis | Geothermal resources assessment using temperature-depth relationships in the fault-controlled hydrothermal system of aristino-traianoupolis area, northern greece[END_REF]. The sedimentary column is 3.5-4 km thick [START_REF] Karytsas | Inventory of low enthalpy geothermal resources discovered through deep oil and gas exploration wells. centre for renewable energy sources internal report for contract[END_REF]. Volcanic activity in the region occurred during the Eocene and Oligocene, down to the Early Miocene, as evidenced by domes and lava flows, altered volcanic products and ignimbrites that outcrop along the margins of the Alexandroupolis basin. The Alexandroupolis basin, or more precisely the Aristino-Traianoupolis area, is one of the most significant water-dominated low-temperature geothermal fields in Greece. The upper hydrothermal system contains fluids with a temperature ranging from 51 to 99°C, within a series of overlapping aquifers at low depths (100-430m). A deep hydrothermal system with very high temperature (>146°C) is also observed at a depth greater than 4km (limit of the well) [START_REF] Mendrinos | Exploring for geothermal resources in greece[END_REF]. 

Velocity variations as a function of the lapse time at 3 sites in Greece

The last part of this chapter is dedicated to the investigation of the seasonal velocity changes in frequency and in lapse time of the δv/v at 3 different sites (Fig. 5.14): Zakros aquifer, Mornos delta, and Western Macedonia around Kastoria Lake. We have seen previously that there is a possible link between the seasonal variations observed in the late coda and the geothermal flows at depth. However, some areas do not seem to be correlated with the heat flow density map (Fig. 5.12a) such as Western Macedonia, Eastern Crete, and the Northern Gulf of Corinth. In this last part, we wish to investigate these three sites in search of possible interpretations of the seasonal variations observed at 75s in the coda. In the following, we will study the Zakros aquifer which is an unconfined karst aquifer located at the eastern edge of Crete. The second case study will be the alluvial aquifer located in Western Macedonia where industrial pumping occurs.

And to finish, we will look at the time series of velocity variations located at the Mornos Delta on the northern coast of the Gulf of Corinth. A detailed description of the geology and the different aquifers is available in the appendix of the thesis. For the convenience of the reader, a summary of each zone is given in this chapter.

Seismic seasonal velocity changes at a superficial unconfined karstic aquifer as a function of depth

Zakros aquifer is located on the East part of Crete and reaches a surface of 132 km² (Fig. 5.14). The plateau where the two main aquifers are located is composed of a carbonate serie overlying the volcano-sedimentary sequence of the Phyllite -Tyros Bed (an impermeable serie). The aquifer is within a carbonate layer whose thickness is 600m (Fig. 5.15-b). The area is overlayed by Neogene deposits with sandstones, conglomerates, and marly limestones. The area is subject to pumping for agriculture mainly during the dry season from April to November [START_REF] Kavouri | Spatially distributed recharge in karst groundwater modelling[END_REF], [START_REF] Kavouri | Evaluation of temporal storage zones in karstic aquifers using hydrogeochemical analysis[END_REF], [START_REF] Papanikolaou | Thrust faults and extensional detachment faults in cretan tectono-stratigraphy: Implications for middle miocene extension[END_REF]).
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In the following, we evaluate qualitatively the depth of seasonal changes by measuring the δv/v at different lapse times at Zakros site. The ZKR station is located right above the aquifer.

5.5.1.1 Seismic seasonal velocity changes as a function of the period

In order to determine at which depth range the Rayleigh waves are sensitive, we compute the sensitivity kernels at period 0.5s, 1s, 2s, and 3s following the geology of the area (Fig. 5.15b). The result is shown in figure 5.15a: the resulting Rayleigh wave kernel suggests sensitivity in the uppermost layer in order to 500m for the 0.5s/1s of period. On the other hand, the sensitivity is maximal at 1km for the 2s/3s of period.

Figure 5.15: a) Sensitivity kernel computed at Zakros aquifer for 0.5,1,2 and 3s of period and b) cross-section of Zakros region according to the information given by [START_REF] Ring | to be, or not to be, that is the question"-the cretan extensional detachment, greece[END_REF], [START_REF] Kavouri | Spatially distributed recharge in karst groundwater modelling[END_REF] and [START_REF] Papanikolaou | Thrust faults and extensional detachment faults in cretan tectono-stratigraphy: Implications for middle miocene extension[END_REF]. The aquifer occupies the carbonate layer.

Seismic seasonal velocity changes as a function of the lapse time

The SC maps interpolated in Section 5.4.2 indicate that the ZKR station has significant seasonal variations increasing in the late coda. In this section, we present the time series for this station at different lapse times (Fig. 5.16) in the 1-3s period band. From this figure, we observe that the δv/v doesn't present any seasonality in the early coda, but it is progressively appearing until reaching the strongest seasonal pattern for the window 45-75s (0.25% versus 0.1% between 15-45s) to finally disappears with longer lapse time.

The velocity variations are positively correlated with precipitation, indicating that they may be due to the elastic response of the crust to the change in the load pressure. the sensitivity could reach 10km depth for the later coda (section 5.3.2). Meaning that in our case, we are beyond the aquifer system and the velocity variations are recording a change occurring in the middle crust like an isolated region at depth that is sensitive to dynamic deformations.

Figure 5.16: δv/v s at ZKR station for several windows in the coda for the 1-3s period band. The δv/v s have been ranged from the early coda δv/v to the late coda. 3 windows exhibit seasonal variations on the temporal series: 30-60s/45-75s/60-90s.

Seismic velocity changes in Western Macedonia

In this subsection, we study the velocity variations of the NEST station located in Nestorio in the watershed of Western Macedonia. Most of the Western Macedonia watershed district is covered by forests (56.37%) while agricultural land covers a significant part of the watershed (39.95%). The dominant water use in the River Basin District of Western Macedonia is irrigation (79%) [START_REF] Ypeka | Management plan of te river basins of western macedonia river basin district[END_REF]). The NEST station is located, according to the land use maps, on agricultural land [START_REF] Palaiologou | Spatial optimization and tradeoffs of alternative forest management scenarios in macedonia, greece[END_REF][START_REF] Gemitzi | Vegetation greening trends in different land use types: natural variability versus human-induced impacts in greece[END_REF][START_REF] Verde | National scale land cover classification for ecosystem services mapping and assessment, using multitemporal copernicus eo data and google earth engine[END_REF], where we assume pumping for agriculture takes place in summer such as the alluvial aquifer of Kastoria or in general in Greece [START_REF] Hrissanthou | Simulation modeling of runoff, groundwater flow and sediment transport into kastoria lake, greece[END_REF], [START_REF] Voulanas | Assessment of potential hydrological climate change impacts in the kastoria basin (western macedonia, greece) using euro-cordex regional climate models[END_REF]). According to the management plan approval of January 2014 As the precipitation is not seasonal in the area, this may indicate that the origin of the seasonal changes occurs at depth. However, further work is necessary to confirm or deny this assumption.

Figure 5.18: δv/v s computed at NEST station for several windows in the coda for the 1-3s period band. The dv/v s have been ranged from the early coda δv/v to the late coda. 3 windows exhibit seasonal variations on the temporal series: the early coda between 15-60s which exhibits the same variations as the δv/v computed between 2-3s; but also the 60-90s coda window indicates seasonal variations which in this case are anti-correlated with the ones seen in the early coda.

Study of the Gulf of Corinth site -Mornos delta

This study site has the advantage of having many seismological stations within a relatively short radius. Thus, it is possible to compare the information recorded by different stations to highlight the similar pattern but also the difference obtained. Thus, in the last part of this chapter, we study the Mornos delta, located north of the Gulf of Corinth. An electrical tomography study [START_REF] Louis | The contribution of geophysical methods in the determination of aquifer parameters: the case of mornos river delta, greece[END_REF] as well as Rayleigh wave tomography [START_REF] Giannopoulos | Ambient noise tomography of the western corinth rift, greece[END_REF] have been performed in the area and will be used to interpret our velocity variations. For this last region, we will look at the behavior of 3 stations located in the Mornos delta and in the Eupalion region. The tomography reveals that the thickness of the structures differs in the northern Gulf of Corinth where the carbonate basement is close to the surface at MG00 station while a thick layer of sediment covers the Mornos delta. From [START_REF] Louis | The contribution of geophysical methods in the determination of aquifer parameters: the case of mornos river delta, greece[END_REF] study, we know that stations MALA and MG00 are both located on alluvium. The thickness of this alluvium differs at the two sites reaching at least 350m at MALA station compared to 150m at MG00 station (resistivity result from [START_REF] Louis | The contribution of geophysical methods in the determination of aquifer parameters: the case of mornos river delta, greece[END_REF]). These depths correspond to the limit of the flysch formation where the alluvial aquifer is located. EFP station is located on a carbonated basement. The maximum distance between stations is 7 km (MALA -MG00) while the minimum one is 3.5km (EFP -MG00) (Fig. 5.19). The rainfall in the region is seasonal, presenting a maximum of precipitation during winter and a minimum during summer. In Chapter 3, we showed that the seasonal fluctuations of the precipitations explain the apparent δv/v in the 1-3s period band for both MALA and MG00 stations. The results presented in Figure 5.19b indicate that stations MALA and MG00 show seasonal variations on all period bands. These observations are consistent with the results obtained in Chapter 3 but also with the resistivity maps conducted by [START_REF] Louis | The contribution of geophysical methods in the determination of aquifer parameters: the case of mornos river delta, greece[END_REF] which show the presence of alluvial aquifers under these stations. On the other side, velocity variations recorded at station EFP, located on a carbonate bedrock with no aquifer present at depth, do not show seasonal variations on the time series 5.19b.

Velocity variations as a function of the lapse time

By investing different windows in the coda, we observe different behavior of the dv/v at each station (Fig. 5.20). At MALA station, seasonal variations are present up to about 60s in the coda. In addition, the amplitude of the δv/v s decrease progressively with the lapse time. These two results indicate that the signal recorded at the MALA station is local and rather close surface.

For the MG00 station, seasonal variations are present up to 90s in the coda. The δv/v s computed from the early coda indicates maximum amplitude in winter and minimum in summer of 0.2% of amplitude. However, in the later coda window, the δv/v s are anticorrelated: the maximums are reached in summer while the minimums are in winter. This result could indicate that the origin of the seasonal variations is different: the early coda is sensitive to shallow velocity variations surface velocity variations while the later coda would be sensitive to perturbation at a greater depth.

The last station, EFP, located on the carbonate base showed no clear seasonal variations when we invested the period bands. By calculating velocity variations as a function of the lapse time, we observe that a periodic signal appears between 60 and 105s. Then, as these seasonal variations do not occur over any period band at EFP station, and are not present on the δv/v s calculated in the early coda, it is possible that the recorded signal from the late coda comes from a deep source located in the middle/lower crust.

However, the δv/v calculated at EFP station at 60s in the lapse time is anti-correlated with the one calculated at station MG00 which is only at 3.5km. We think it's possible that the geology of the area could tell us more about the deep structure that could possibly explain these velocity variations (fault, fluids, or thickness of rock sequences). For this, we investigate the tomography results of the Giannopoulos et al. ( 2017) study.

Geology and deep fluids

We believe that the nature of the rocks upon which the seismological stations are located does provide an understanding of the δv/v s calculated in different band periods as in Fig.5.19b. The geology of the area reveals that the EFP station (which does not show seasonal variations) is located on a carbonate basement while the MALA and MG00 stations are both located on sediments where alluvial aquifers are located.

From the calculation of velocity variations as a function of period bands, we learned that velocity variations are site dependent and thus are affected by the underlying geology. However, the investigation of δv/v s as a function of lapse time shows us that the velocity variations could record deeper phenomena than those of the surface crust. In this region of the Gulf, many seismic swarms occur at 6/8km depth [START_REF] De Barros | Imbricated aseismic slip and fluid diffusion drive a seismic swarm in the corinth gulf, greece[END_REF][START_REF] Serpetsidaki | Seismotectonic analysis of the 2014 seismic swarm at the western corinth gulf (greece)[END_REF][START_REF] Cociani | Coseismic velocity variations caused by static stress changes associated with the 2001 mw= 4.3 agios ioanis earthquake in the gulf of corinth, greece[END_REF][START_REF] Lambotte | Reassessment of the rifting process in the western corinth rift from relocated seismicity[END_REF][START_REF] Bernard | Seismicity, deformation and seismic hazard in the western rift of corinth: New insights from the corinth rift laboratory (crl)[END_REF][START_REF] Canitano | Analysis of signals of a borehole strainmeter in the western rift of corinth, greece[END_REF], due to the presence of overpressurized fluid [START_REF] Gautier | A new passive tomography of the aigion area (gulf of corinth, greece) from the 2002 data set[END_REF], as the low-permeability Phyllade nappe acts as a cap-rock above a reservoir layer [START_REF] Bourouis | Microseismic activity and fluid fault interactions: some results from the corinth rift laboratory (crl), greece[END_REF]; [START_REF] Duverger | The 2003-2004 seismic swarm in the western corinth rift: Evidence for a multiscale pore pressure diffusion process along a permeable fault system[END_REF]; [START_REF] Gautier | A new passive tomography of the aigion area (gulf of corinth, greece) from the 2002 data set[END_REF]. It is possible that aquifer dynamics-induced stresses propagate to depth and reach these areas of over-pressurized fluid inducing an elastic response. Thus, the seasonality of the velocity variations in the late coda would be related to the combination of fluid pressurization and stress perturbation [START_REF] De Barros | Imbricated aseismic slip and fluid diffusion drive a seismic swarm in the corinth gulf, greece[END_REF].

Conclusion

One of the objectives of this chapter was to determine if we can specify the depthdependence of the seasonal velocity changes. By computing δv/v as a function of the periods from 0.5 to 3s, we have discovered that we can distinguish the superficial seasonal variation correlated with the groundwater level and deeper velocity changes correlated with the stress changes due to the evolution of the weight of the aquifer. Indeed, the velocity variations sensitive to the depth of the aquifer show that an increase in the amount of water results in a decrease in the seismic wave velocity while the velocity sensitive to a depth below the aquifer registers an elastic response due to the loading pressure.

Depending on the scattering mean free path, coda waves at late lapse time could be sensitive at depths of 10km corresponding to the middle crust. At a few sites, the seasonal variations of velocity are maximal in the late coda (>75s), suggesting that changes occur deep in the crust. This could be due to the presence of fluid at depth (geothermal sources or over-pressurized). Thus, the seasonal variations observed at late lapse time could be an elastic response from surface perturbations. The seasonality observed at early lapse time is anti-correlated with the amount of water and then becomes anticorrelated with later lapse time (ex: NEST or MG00). We believe that the geologic and tectonic settings of each zone are determinants to better understand the velocity variations at depth and may explain some of the results found in this chapter. To conclude, a map identifying the location of the different categories is shown in figure 5.21a. A similar approach has been computed for the Italian network 5.21b.

Despite our study and our results, the understanding of the late coda is limited and the precise physical meanings of these seasonal variations occurring in the middle/lower crust should be further investigated. 

S2-Computation of the sensitivity kernel

The sensitivity kernels have been computed using the Python library disba that implements a subset of codes from Computer Programs in Seismology [START_REF] Herrmann | Computer programs in seismology: An evolving tool for instruction and research[END_REF] ('https://pypi.org/project/disba/'). The curve correspond to the fundamental mode. The Vp, Vs of the rocks has been chosen according to the study of [START_REF] Zhang | Petrologic composition model of the upper crust in bohai bay basin, china, based on lamé impedances[END_REF]. The velocity model of the earth's crust has been constructed as follows: 1km of soft sediment, 1km of hard sediment followed by 8km of upper crust, 9km of middle crust and, finally, 9km of lower crust. The values of Vp, Vs and density are resumed in the table. The aquifer layer is characterized by a thickness of 200m, Vp of 2.1, Vs of 0.5 and a density of 2.2. These velocities correspond to the velocity of a water-saturated gravel according to the study of [START_REF] Gorstein | Combination of hvsr and masw methods to obtain shear wave velocity model of subsurface in israel[END_REF]. The tomography has been performed over 22 stations located on the Corinth Gulf and follows the approach of [START_REF] Mordret | Ambient noise surface wave tomography to determine the shallow shear velocity structure at valhall: depth inversion with a neighbourhood algorithm[END_REF].

S3-Velocity model of the earth's crust

The results can be resumed as follow :

At 2s of period: The low velocities observed can be related to the presence of synrift Plio-Quaternary sediments on the southern coast and around the Mornos delta, while the higher velocities are related to the pre-rift basement structures (carbonate rocks) which outcrop in the north. These results coincide quite well with the surface geology (Fig. 5.19a).

The 3s Rayleigh wave group velocity map shows quite similar characteristics to the 2s map. In this case, the two previously observed low-velocity anomalies tend to merge into a single extending continuously from the Aigion area to the Mornos Delta. The highest velocities at 3s are observed on the northern coast of the Gulf, where pre-rift basement structures are present.

At periods greater than 3s, where group velocity measurements are sensitive to deeper crustal structures, faster shear wave velocities should begin to be detected in the underlying basement pre-rift carbonates. Dispersion maps indicate that in the area north of the Gulf, around MG00, velocities remain fast (2.22km/s) even at longer periods. The maps between 4s and 6s indicate that a lateral variation is possible. Thus, the seismic velocity characteristics in the group velocity maps at periods greater than 3s most likely reflect the characteristics of the underlying basement. 

S8-Other examples in Greece

The study of different period bands and velocity variations in the coda has been studied in chapter 4 of this thesis. In this chapter, we have studied in particular 3 sites in Greece. In this supplementary section, we provide further examples of δv/v calculated at 4 stations:

MG02 which is located north of the Gulf of Corinth, 200m from MG00 presented in the main text;

ALN, located in Thrace;

VLI located in the south-east of the Peloponnese and;

IMMV which is in Crete

We present in figure 5.30 the results of the exploration of the coda for 4 other stations. MG02 is in the vicinity of MG00 and shows the same pattern: the δv/v are seasonal until 75s in the coda with 2 distinct behaviors. In the early coda, the δv/v s are correlated with the precipitations and show maxima in winter/minima in summer. From 45s-75s of the coda, the signal is inverted: the maxima occurs in summer and minima in winter.

IMMV station has been studied in Chapter 3: this station is located on the West coast of Crete on an unconfined aquifer. If the station shows strong seasonal variations in the early coda, the amplitudes tend to diminish in the later part of the coda.

ALN station is a station located in Western Thrace, close to the city of Alexandropoulos on the Evros delta. The region is covered by several aquifers, confined and unconfined.

Pumping for industrial purposes is indicating also in the area [START_REF] Poulos | An insight into the factors controlling delta flood events: The case of the evros river deltaic plain (ne aegean sea)[END_REF]. As we have seen previously, in this case again the amplitude of the seasonal variations disappears progressively with the window of the coda considered. Finally, the last example given in this section is the VLI station. Located in the southeast of Peloponnese this station is at the junction of faults on a metamorphic basement. The velocity variations indicate a contraction of the crust at depth which is coherent with the geology of the region. The investigations of the coda indicate that the seasonal signal on the temporal series of the δv/v decrease progressively when we compute δv/v as a function of the lapse time.

Introduction to surface wave tomography

Traditional surface-wave tomography infers properties of the medium using group or phase velocities of surface waves based on earthquake observations. However, this method is limited, indeed : (1) data coverage is insufficient in aseismic regions;

(2) high-frequency (<20 s) component data are limited due to long-range seismic wave attenuation; and (3) accurate earthquake source information is required.

In seismology, cross-correlations of ambient seismic noise were first applied to surface wave tomography. Indeed, most noise sources are generated at the surface, e.g. human activities for high frequencies (>1 Hz) and by oceans at long periods (>1s). Therefore, seismic noise records are dominated by surface waves [START_REF] Toksöz | Microseisms: Mode structure and sources[END_REF]). Thus, using ambient noise correlations, makes it possible to image the crust even in aseismic areas. This method is particularly effective between 3-20s of period where the oceanic sources are the most energetic. Hence noise correlations are particularly well suited to image the crust. [START_REF] Shapiro | High-resolution surface-wave tomography from ambient seismic noise[END_REF] and [START_REF] Sabra | Surface wave tomography from microseisms in southern california[END_REF] were the first to apply surface wave tomography in California using cross-correlations of 1 month of ambient seismic noise record. Second, cross-correlations have been widely applied to surface wave tomography from local (examples [START_REF] Brenguier | 3-d surface wave tomography of the piton de la fournaise volcano using seismic noise correlations[END_REF]) to global scales [START_REF] Stehly | Tomography of the alpine region from observations of seismic ambient noise[END_REF][START_REF] Yang | Ambient noise rayleigh wave tomography across europe[END_REF][START_REF] Nishida | Global surface wave tomography using seismic hum[END_REF], prospecting the depth range from the shallow subsurface to the mantle transition zone.

In this chapter, we use seismic noise correlations to compute Rayleigh wave group velocity maps in Greece. The focus of this study is to apply the idea of ambient seismic noise crosscorrelation to extract surface wave Green's function in order to investigate the variations in seismic velocity within the crust, and image potential boundaries in crustal structure underneath Greece.

Context 6.2.1 Geodynamic setting

Greece is at the intersection of 3 plates that are the African, Eurasian and Arabian plates as well as a micro-plate that represents the Anatolian plate [START_REF] Mckenzie | Plate tectonics of the mediterranean region[END_REF]. The major processes involved are the convergence of the African plate and the Arabian plate towards the Eurasian plate [START_REF] Dercourt | Geological evolution of the tethys belt from the atlantic to the pamirs since the lias[END_REF][START_REF] Duverger | Sismicité, couplages sismique-asismiques et processus transitoires de déformation dans un système de failles actives: le rift de Corinthe[END_REF], with the extrusion of the Anatolian plate (Fig. 6.1). Currently, the African plate is converging towards the Aegean domain at a rate of 35mm/yr via the Hellenic subduction zone [START_REF] Nocquet | Present-day kinematics of the mediterranean: A comprehensive overview of gps results[END_REF]). The initiation of subduction, which begins in the Mesozoic around 200Ma, generates the formation of the Hellenic chain [START_REF] Ring | The hellenic subduction system: high-pressure metamorphism, exhumation, normal faulting, and large-scale extension[END_REF]). With the collapse of the Hellenides in the Lower/Middle Miocene (25Ma to 11Ma), the Aegean Sea opens up and leads to the creation of East-West trending rift zones parallel to the subduction zone [START_REF] Duverger | Sismicité, couplages sismique-asismiques et processus transitoires de déformation dans un système de failles actives: le rift de Corinthe[END_REF] from which the Gulf of Corinth or Euboea will be derived later (around 1Ma).

Topographic features and local stress in Greece

The main topographic features of tectonic origin and the local stress field of the study area are presented in Figure 6.2. The main sedimentary basins of Greece are shown, namely the Axios Basin, with a maximum sediment thickness of about 10 km [START_REF] Roussos | Stratigraphy and paleogeographic evolution of the paleogene molassic basins of the north aegean area[END_REF], and the North Aegean trough, with a sediment thickness of about 6 km [START_REF] Kiriakidis | The vardar ophiolite: a continuous belt under the axios basin sediments[END_REF]. We can also see the Thessaly Plain in central Greece composed of sediments dating from the Neogene whose thickness exceeds 600m. On the same figure are also represented the main features of the Hellenic arc, such as the volcanic arc, the sedimentary arc (Hellenides mountain range), the South Aegean Basin and the Hellenic trench. et al., 1998;[START_REF] Karagianni | Shear velocity structure in the aegean region obtained by joint inversion of rayleigh and love waves[END_REF], modified)

The stress field is composed of compressional zones, with thrust faults observed along the Hellenic arc and along the western coast of northern Greece and Albania. This zone is associated with the subduction of the eastern Mediterranean beneath the Aegean [START_REF] Papazachos | Tectonic stress field and seismic faulting in the area of greece[END_REF] and the continental-continental type collision between the Adriatic microplate (Apulia) and the western coasts of Greece and Albania [START_REF] Anderson | Active tectonics of the adriatic region[END_REF]. We can also observe areas of extension, with the opening of the Gulf of Corinth, in the Sea of Marmara, at the level of the volcanic arc and in Thessaly.

Available seismic velocity models of Greek crust

The velocity structure of the crust and upper mantle in the Aegean region has been widely studied in recent decades (Fig. 6.3). These include teleseismic studies [START_REF] Spakman | The hellenic subduction zone: a tomographic image and its geodynamic implications[END_REF][START_REF] Zhu | Seismic structure of the european upper mantle based on adjoint tomography[END_REF][START_REF] Gautier | A new passive tomography of the aigion area (gulf of corinth, greece) from the 2002 data set[END_REF] and local/regional tomography [START_REF] Papazachos | P and s deep velocity structure of the hellenic area obtained by robust nonlinear inversion of travel times[END_REF][START_REF] Tiberi | Crustal and upper mantle structure beneath the corinth rift (greece) from a teleseismic tomography study[END_REF][START_REF] Karakonstantis | [END_REF][START_REF] Hansen | Imaging slab detachment within the western hellenic subduction zone[END_REF], receiver function analyses [START_REF] Li | Receiver function study of the hellenic subduction zone: imaging crustal thickness variations and the oceanic moho of the descending african lithosphere[END_REF][START_REF] Sachpazi | Segmented hellenic slab rollback driving aegean deformation and seismicity[END_REF], scattered teleseismic wave inversion [START_REF] Suckale | High-resolution seismic imaging of the western hellenic subduction zone using teleseismic scattered waves[END_REF][START_REF] Pearce | Seismic investigation of the transition from continental to oceanic subduction along the western hellenic subduction zone[END_REF], active reflection [START_REF] Kokinou | Deep seismic reflection data from offshore western greece: a new crustal model for the ionian sea[END_REF][START_REF] Kokinou | The kefalonia transform zone (offshore western greece) with special emphasis to its prolongation towards the ionian abyssal plain[END_REF][START_REF] Zelt | Crustal velocity and moho structure beneath the gulf of corinth, greece[END_REF] refraction studies [START_REF] Bohnhoff | Crustal investigation of the hellenic subduction zone using wide aperture seismic data[END_REF]. Surface waves have also been exploited from earthquakes events [START_REF] Karagianni | Shear velocity structure in the aegean region obtained by joint inversion of rayleigh and love waves[END_REF][START_REF] Kassaras | Deep structure of the hellenic lithosphere from teleseismic rayleigh-wave tomography[END_REF][START_REF] Salaün | High-resolution surface wave tomography beneath the aegean-anatolia region: constraints on upper-mantle structure[END_REF] or by studying the emergence of the Rayleigh waves from the seismic noise cross-correlations [START_REF] Giannopoulos | Ambient noise tomography of the western corinth rift, greece[END_REF]. [START_REF] Karagianni | Rayleigh wave group velocity tomography in the aegean area[END_REF]. b) Rayleigh wave apparent phase velocity map at 30s of period [START_REF] Kassaras | Deep structure of the hellenic lithosphere from teleseismic rayleigh-wave tomography[END_REF]. c) Phase velocity map at 40s of period [START_REF] Salaün | High-resolution surface wave tomography beneath the aegean-anatolia region: constraints on upper-mantle structure[END_REF] In this study, we compute 2D group velocity maps from 5 to 40s of period.

6.4 High-resolution surface waves tomography in Greece

Network

The network used in this study is composed of 408 stations (Fig. 6.4) disseminated in Greece and in neighboring countries composed of permanent and temporary networks between 2002 to 2021. We use data both from permanent and temporary networks (see section Data). For the 230,000 pairs, we compute the cross-correlations of these 2h pre-processed segments between 2002 and 2021. Then the cross-correlations are stacked to obtain a single reference cross-correlation per station pair.

Figure 6.5 shows the cross-correlations sorted by distance in the 10-20s and 20-40s period bands between GE.APE station and the other stations. The cross-correlations are plotted such that the causal (positive time) and acausal (negative time) parts correspond to the seismic waves propagating eastward and westward respectively. In the 10-20s of period band, the amplitude of the Rayleigh waves is larger in the causal than the acausal part meaning that there is more Rayleigh wave energy traveling eastwards than westward. This is compatible with a dominant source located in the northern Atlantic Ocean [START_REF] Stehly | A study of the seismic noise from its long-range correlation properties[END_REF][START_REF] Pedersen | Influence of the seismic noise characteristics on noise correlations in the baltic shield[END_REF][START_REF] Kedar | The origin of deep ocean microseisms in the north atlantic ocean[END_REF]. In this period band, the average Rayleigh wave velocity is 2.7km/s.

In the 20-40s of period, the average Rayleigh wave velocity is 3.75 km/s. The amplitude of the cross-correlations is more symmetric than in the 10-20s. Indeed, at 20-40s of period, there is a significant contribution of distant oceans such as the Atlantic and Pacific oceans.

Quality control and selection of the travel time measurement used to compute group velocity maps

To calculate the Rayleigh wave group velocity dispersion curves in the 2-40s period band we use a multiple filter analysis [START_REF] Dziewonski | A technique for the analysis of transient seismic signals[END_REF][START_REF] Herrmann | Some aspects of band-pass filtering of surface waves[END_REF]. We adapted the filter width to the inter-station distance to account for the trade-off between time and frequency domain resolution [START_REF] Keilis-Borok | Crustal structure in the campanian region (southern apennines, italy) from potential field modelling[END_REF]. Group velocity measurements were made separately on the causal and acausal parts for each pair of stations. We selected the most reliable group velocity measurements for each time period by applying three criteria:

1)We select the station pairs separated by 2 to 25 wavelengths. The lower limit aims at avoiding interference of Rayleigh waves between the causal and acausal parts, while the higher limit eliminates long paths that bring less information on the medium.

2)We select the paths for which the SNR is greater than 3. We evaluate the signal-to-noise ratio (SNR) as the logarithm of the ratio of the peak amplitude of the Rayleigh waves to the standard deviation of coda waves [START_REF] Stehly | Tomography of the alpine region from observations of seismic ambient noise[END_REF].

3)Finally, station pairs are discarded if the group velocities calculated in the causal and acausal part differed by more than 0.2km/s. This criterion rejects measurements that are biased by a heterogeneous distribution of noise sources. Table 6.1 presents the percentage of cross-correlation kept after the selection: depending on the period considered, we kept between 3.8% and 19% of the station pairs. An example is shown on figure 6.6 representing the dispersion curves between GE.APE and KO.EZN between 1 and 40s of period. The color of the dots indicates that the signal-noise ratio is the highest between 5 and 25s of period for this station pair.

Figure 6.7 shows the Rayleigh-wave group velocity measurements and ray-path coverage for several periods between 5 and 40s. 

Inversion for 2-D group velocity maps

In order to obtain 2-D group-velocity maps, we followed the linearized procedure of [START_REF] Boschi | High-and low-resolution images of the earth's mantle: Implications of different approaches to tomographic modeling[END_REF] based on a ray theory. The inverse problem is defined as follows:

A µG * x = d 0 (6.1)
where A * x = d (eq.1) is the forward problem and µG * x = 0 (eq.2) is the regularization or damping term [START_REF] Menke | Discrete inverse theory[END_REF]. The matrix A contains for each path the length of the Rayleigh waves in each cell. The vector d contains the travel time anomaly i.e the difference between the observed travel time and the travel time calculated from a homogeneous initial velocity model. For each period the initial velocity model is the average of all measurements. The vector x contains the slowness perturbations we are looking for.

The second relation (eq.2) allows us to obtain a stable solution; it defines the roughness regularization by minimizing a first-order solution roughness for neighboring cells. The construction of the damping operator G is discussed in detail by [START_REF] Schaefer | Adaptively parametrized surface wave tomography: methodology and a new model of the european upper mantle[END_REF]. We determine the roughness regularization coefficient (or damping parameter) µ according to the maximum curvature of the "L-curve" defined by the model norm (i.e., model roughness) as a function of the misfit norm (i.e., the fit to the data) (example in Fig. 6.9). This provides a trade-off between data fit and regularization/model complexity [START_REF] Hansen | The l-curve and its use in the numerical treatment of inverse problems[END_REF]. The rough the model, the better the fit to the data. However, this over-fitting may create anomalies in the velocity model that are geologically meaningless. On the other hand, if the model is too smooth, the fit of the data is weak. Finally, the linear problem was solved by an iterative process using the LSQR algorithm [START_REF] Paige | Lsqr: An algorithm for sparse linear equations and sparse least squares[END_REF]. 

Adaptative grid

The presence of the Aegean Sea associated with the large number of islands constrains the position of seismological stations. Thus, given the high heterogeneity of path coverage, we used an adaptive parameterization using cell sizes between 0.15°and 1.2°depending on the path density [START_REF] Schaefer | Adaptively parametrized surface wave tomography: methodology and a new model of the european upper mantle[END_REF]. This parameterization optimized the local resolution while reducing the problem complexity and computational cost [START_REF] Spakman | A tomographic view on western mediterranean geodynamics[END_REF][START_REF] Schaefer | Adaptively parametrized surface wave tomography: methodology and a new model of the european upper mantle[END_REF]. We first delimited our region of interest with 1.2°c ells. Areas with more than 50 paths per cell were then discretized using 0.6°cells. We further refined the mesh to 0.15°in areas with more than 200 paths per 0.3°cell. Figure 6.8 shows the parameterization used to compute the 15-second group velocity map. At 15s, the resolution reaches 0.15°in central Greece because of the high density of paths in this area.

Example at 15s of period

We propose in this section to illustrate the effects of the damping parameter on the group velocity map at 15s (the periods 5s,10s and 25s are discussed in the supplementary section). We first determine the L-curve by computing group velocity maps using different values of damping (Fig. 6.9). We show in figure 6.10 the results of the inversion for different values of damping. Figure 6.10a corresponds to the group velocity map obtained with a damping equals to 0.05. In that case, we observe small scale variations of large amplitude of velocity especially in the Aegean Sea and northern Turkey. Figure 6.10b shows a spatially smooth velocity map obtained with a damping value of 2. In this case, the fit to the data is lower (17%) and have lost most of the information about the structure of the medium.

Finally, the chosen model is the one corresponding to a value of damping equals to 0.5 and is shown in figure 6.10c. Several structures are visible such as the Axios-Thermaikos basin and the Marmara Sea associated with low velocity perturbations of 2.2km/s; and the Larissa plain in central Greece associated with a velocity of 2.6 km/s. Then, we repeat these steps for each period in order to obtain the group velocity maps at each period.
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The depth sensitivity of Rayleigh waves depends on their dominant period. Between 5 and 25 s, Rayleigh waves are mostly sensitive at depths ranging from 5 to 30 km, which corresponds to most of the crust.

The 5s period is sensitive to the near surface, which means that we should get a pattern similar to the geologic map. Figure 6.12 shows the comparison between the 5s group velocity map and the geological map of Greece [START_REF] Vanderhaeghe | Penrose conference-extending a continent-naxos field guide[END_REF]. Despite the heterogeneity of trajectories across Greece at this time, central Greece and the Peloponnese retain a good resolution (Fig. 6.7). The low velocity anomalies (2.4km/s) observed in Central Greece and the Peloponnese are associated with sedimentary basins represented by a yellow color on the geological map. Thus the Vardar area or Axios-Thermaikos basin, the Mesohellenic basin with the large thickness of sediments with an average thickness of 4 km [START_REF] Panagiotopoulos | Travel time curves and crustal structure in the southern balkan region[END_REF]), locally exceeding 10 km [START_REF] Makris | Geophysical investigations of the Hellenides[END_REF][START_REF] Makris | The crust and upper mantle of the aegean region from deep seismic soundings[END_REF]; and part of the Pindos foreland basin are observed. On the other hand, higher velocity anomalies (3km/s, green color on 2D map) correlate with the presence of Mesozoic carbonates (light blue color). Between 10-15s period, the sensitivity of Rayleigh waves is maximum in the upper middle crust. The two maps have common features. First, we observe that low velocity anomalies are present in the oceanic crust (Fig. 6.13): in the Marmara Sea to the northeast and in the Ionian Sea to the west. A low-velocity anomaly is also observed in the Thermaic Gulf, which continues into the northern Aegean towards the islands of Lemnos and Lesbos, its direction being in good agreement with that of the geological zones of northern Greece [START_REF] Aubouin | Esquisse de la g6ologie de la grece: Livre m6moire professeur fallot[END_REF][START_REF] Jacobshagen | Structure and geodynamic evolution of the aegean region[END_REF][START_REF] Mountrakis | Paleogeographic conditions in the western pelagonian margin in greece during the initial rifting of the continental area[END_REF][START_REF] Karagianni | Rayleigh wave group velocity tomography in the aegean area[END_REF]. Low velocity anomalies in the Cretan Sea along the volcanic arc may be related to active volcanism [START_REF] Spakman | Subduction beneath eurasia in connection with the mesozoic tethys[END_REF]; [START_REF] Papazachos | P and s deep velocity structure of the hellenic area obtained by robust nonlinear inversion of travel times[END_REF]). On the mainland, the low anomaly may be associated with the Thessaly Plain. However, faster velocity anomalies are also present: in the Peloponnese, north of the Gulf of Corinth, and in Crete. These anomalies are quite correlated with the mountain range (see Fig. 6.2).

Figure 6.13: Comparison between Rayleigh wave tomography between noise correlation (our study) and teleseismic/seismic event tomography [START_REF] Karagianni | Rayleigh wave group velocity tomography in the aegean area[END_REF]) in the 15s of period.

At 25s of period, the waves are sensitive to the lower crust. The result of the inversion at this period indicates a strong variation of the velocities in the western part of Greece with a variance reduction equals to 81%. The high velocity anomalies are mainly located in the Aegean sea and the sea of Crete. On the other hand, low velocity anomalies are forming a 'U' shape which joins the Hellenides in the west, the Crete in the south and Turkey in the East. The low velocities are compatible with a thickening of the crust mainly due to the subduction zone of the African plate under the Anatolian one [START_REF] Pérouse | Bridging onshore and offshore present-day kinematics of central and eastern mediterranean: implications for crustal dynamics and mantle flow[END_REF] so the velocity anomalies are still affected by the crust structure [START_REF] Makris | A dynamic model of the hellenic arc deduced from geophysical data[END_REF][START_REF] Makris | The crust and upper mantle of the aegean region from deep seismic soundings[END_REF][START_REF] Papazachos | Structure of the crust and upper mantle in se europe by inversion of seismic and gravimetric data[END_REF]. Indeed, the thickness of the continental crust in Greece is very variable: 50-55 km under the Hellenides, 15-20 km under the Aegean sea and sea of Crete, with intermediate thicknesses of 45 km under Crete and 35 km under the Cyclades [START_REF] Makris | Physical properties and state of the crust and upper mantle of the eastern mediterranean sea deduced from geophysical data[END_REF][START_REF] Vanderhaeghe | Penrose conference-extending a continent-naxos field guide[END_REF].

Finally, between 30 and 40s of period, the waves are sensitive to the transition between the crust and the mantle. The variance reduction is up to 75% and the two maps show similar behaviors: a strong velocity contrast is visible between the South-Western and the North-Eastern part of the maps. Indeed, a velocity anomaly of about 2.8 km/s in diagonal orientation 60°North-West/South-East delimits the low velocity anomalies in the North-East (3.7km/s) from those faster, located in the Mediterranean Sea (3km/s). This low velocity anomaly is interpreted in that case, as the deep crustal roots of the CHAPTER 6. TOWARDS A TOMOGRAPHY OF THE AEGEAN CRUST USING NOISE CROSS-CORRELATIONS 183

Hellenides [START_REF] Yang | Ambient noise rayleigh wave tomography across europe[END_REF][START_REF] Lu | Tomographie de l'arc alpin à partir de corrélations de bruit & modélisation de la propagation des ondes[END_REF][START_REF] Kassaras | Deep structure of the hellenic lithosphere from teleseismic rayleigh-wave tomography[END_REF][START_REF] El-Sharkawy | Lithospheric structure of the eastern mediterranean sea: Inferences from surface wave tomography and stochastic inversions constrained by wide-angle refraction measurements[END_REF].

Perspectives and first conclusions

The deployment of many seismological networks (temporary and permanent) in Greece allows us to perform the Rayleigh wave tomography for the period range 5-40s. The preliminary results of the surface wave tomography clearly show strong lateral variations in Greece that can often be correlated with regional tectonics. The large thickness of sediments in Greece under the Hellenides mountain range, the Thessaly plain, the Axios Thermaic sedimentary basin, the North Aegean trough and the South Aegean basin, where a high heat flux has been measured [START_REF] Spakman | Subduction beneath eurasia in connection with the mesozoic tethys[END_REF][START_REF] Papazachos | The earthquakes of Greece[END_REF], are highlighted at the shorter periods.

From 25s period, high velocity anomalies are observed in the Aegean, and are related to the thickness of the crust in this region. On the contrary, low group velocities are still observed in western Greece due to the thickness of the crust and the crustal roots of the Hellenides chain. Nonetheless, the low velocity anomaly observed at 25-40s of period can be biased by the distribution of sources and by the position of the stations. Indeed, even if these results have been validated by precedent studies [START_REF] Yang | Ambient noise rayleigh wave tomography across europe[END_REF][START_REF] Lu | Tomographie de l'arc alpin à partir de corrélations de bruit & modélisation de la propagation des ondes[END_REF][START_REF] Kassaras | Deep structure of the hellenic lithosphere from teleseismic rayleigh-wave tomography[END_REF][START_REF] El-Sharkawy | Lithospheric structure of the eastern mediterranean sea: Inferences from surface wave tomography and stochastic inversions constrained by wide-angle refraction measurements[END_REF], we need more stations located at the West and South of Greece to constrain this anomaly laterally.

Future steps are to quantify the impact of path selection on the group velocity maps and to determine the associated uncertainties. Finally, probabilistic shear wave velocity models will be realized in future work.

Data

The waveforms used in this study come from the networks cited below:

From the permanent networks : 6.7 Supplementary

S1-Sedimentary basins and geology

There are many post-Oligocene basins in Greece, where terrestrial, lacustrine-lagoon or marine deposits have accumulated. These basins are located in central and northern Greece and developed on the internal Hellenic units and have mostly a NW-SE orientation.

We count 5 main basins dating from the Tertiary (Fig. 6.14):

1) Pindos foreland Basin: The Pindos foreland Basin consists of 2300m thick flysch sequences (submarine fans) [START_REF] Botziolis | Stratigraphic and paleogeographic development of a deep-marine foredeep: Central pindos foreland basin, western greece[END_REF]. The source material of the submarine fans was mainly within the Pindos Mountains [START_REF] Piper | Conglomeratic miocene flysch, western greece[END_REF]. A number of researchers have interpreted the flysch of the Pindos foreland as parts of a submarine fan (turbidite deposits) [START_REF] Piper | Conglomeratic miocene flysch, western greece[END_REF][START_REF] Konstantopoulos | The geodynamic evolution of pindos foreland basin in sw greece[END_REF]. This system overlays the Eocene carbonates and from west to east, displays a general trend from carbonates, through abyssal-plain deposits to sub-marine fan deposits [START_REF] Botziolis | Stratigraphic and paleogeographic development of a deep-marine foredeep: Central pindos foreland basin, western greece[END_REF][START_REF] Konstantopoulos | The geodynamic evolution of pindos foreland basin in sw greece[END_REF].

2) The Mesohellenic Basin (MBH): is a 4.5 km deep, 300 km long and 30-40 km wide basin, striking NW-SE from Albania to Northern Greece. The MBH was a marine basin and a distinct paleogeographic area from the late Eocene until the middle Miocene. It is located inside the Hellenic chain, at the boundary between the external and internal zones [START_REF] Schwarzhans | Teleost otoliths from the aquitanian (early miocene) of the felli section in greece: The roots of the mediterranean goby stock (gobiidae, gobiiformes)[END_REF][START_REF] Ditbanjong | Stratigraphy and tectonics of Cenozoic deposits at the Southwestern border of the Mesohellenic basin, continental Greece[END_REF].

3) Axios-Thermaikos Basin: The Thermaikos in Northern Greece, is one of the Peri-Alpine basins in the Northern Aegean area, created during the Post-Alpine period of 5km thickness [START_REF] Makrodimitras | Depositional environments distribution and their reservoir potential across the thermaikos basin in northern greece[END_REF].

4) Strymon Basin: The basin of Strymon is a post-orogenic graben [START_REF] Karydakis | Low enthalpy geothermal fields in the strymon basin (northern greece)[END_REF]. It lies in the region of Eastern Macedonia (Northern Greece). The total thickness of the Neogene -Quaternary sediments of the graben is estimated to be 4000m. The basin includes evidence of relative sea-level fluctuations, with stages of lagoonal-lacustrine sedimentation and stages of marine sedimentation [START_REF] Lalechos | Correlations and observations in molassic sediments in onshore and offshore areas of northern greece[END_REF].

5) Western Thrace basin:

The Thrace basin is a triangular-shaped Tertiary basin located in northwest Turkey, bordering Greece and Bulgaria: the Rhodope massif, on its west, the crystalline Strandja mountain belt and western end of the Black Sea on its north, Marmara Sea and Saros Bay on the south, and Ganos Mountain complexes on the southwest. The basin is surrounded by metamorphic massifs on all three sides [START_REF] Perincek | Possible strand of the north anatolian fault in the thrace basin, turkey-an interpretation[END_REF]. Sedimentary thickness reaches up to 9000 m in the central part [START_REF] Huvaz | Nature of a regional dogleg pattern in maturity profiles from thrace basin, northwestern turkey: A newly discovered unconformity or a thermal anomaly[END_REF].

The main mountain ranges in Greece correspond to the Pindus range (2600m altitude and 160km long), Taygetos mountains in Peloponnese of 2400m altitude and 100km long, Mount Olympus which is the highest mountain in Greece (2900m) which belongs to the range of the same name. And finally, in Crete three mountain ranges exist, the Lefká Óri (2 453m) or White Mountains in the west, the massif of Mount Psiloritis (2 456m) or Mount Ida in the center (the highest point of the island), and the massif of Mount Dikti (2 148m) in the east. Effects of the damping parameter on the velocity group map ar 5s, 10s and 25s of period

In the following, we propose to determine the effect of the damping parameters on group velocity maps at 5s,10s and 25s of period. 

S4-Rayleigh wave group tomography at 2 and 3s of period

The low density of paths for these two periods bands don't allow us to perform a good comparison with the local geology. Nonetheless, these periods should be explored for regional tomography. In this period band, the selection criteria have selected less than 1300 paths which is not enough to perform a tomography (min 4000 paths).

Figure 6.20: Rayleigh-wave group velocity maps at 60s of period.

Chapter 7

Conclusion & Perspectives

Climate change and the increasing use of water for agriculture and industry, make it essential to monitor water resources. The aim of the work presented in this manuscript is to investigate the possibility to use seismic noise correlations and to measure seismic velocity variations to study the hydrological cycle and the dynamic of aquifers. Two major questions have motivated this work: 1) Is it possible to monitor the hydrological cycle associated using seismic noise ? 2) Can a long-term evolution of aquifers be observed ?

To answer these questions, we have chosen to study two countries of the Mediterranean basin with a deteriorating water stress index over years: Greece and Italy.

7.1 Velocity variations related to the dynamic of the aquifers

Seasonal velocity variations associated with the hydrological cycle

In the first part of the manuscript (chapter 2), we investigate the possibility of monitoring groundwater reservoirs from the evolution of seismic wave velocity (δv/v) measured using seismic noise auto-correlations. For this purpose, we analyzed, the aquifers of Greece over a period of 10 years (2010-2022) using 90 permanent stations. The results obtained at short periods (0.5-3s) indicate that in several regions the seismic wave velocity varies according to an annual cycle mainly controlled by aquifer loading and discharge.

Using the dense network of meteorological stations in Greece, we show that a simple model can predict the seismic velocity variations from the precipitation recorded in the nearest meteorological stations. Furthermore, this model gives a proxy for the characteristic time of the aquifer discharge rate. Depending on the depth of the aquifer, the velocity variations measured in the 1-3s time band are either correlated or anti-correlated with the evolution of the water table. This allows us to distinguish superficial alluvial aquifers from deep karst systems.

Then, we studied specifically the velocity variations associated with water pumping for agriculture and industry. To this end, we compared the effect of water pumping on seismic velocity variations in an unconfined and confined aquifer. To interpret our results, we investigated GPS surface deformation data and analyzed punctual measurements of water level within the aquifers. The results indicate that confined and unconfined aquifers respond distinctly to water pumping. While for unconfined aquifers, water pumping involves surface uplift, we show that for confined aquifers, subsidence occurs due to sediment consolidation at depth. Finally, the results reveal that the δv/v is primarily sensitive to the amount of water stored in the entire aquifer system, whereas GPS measurements provide the deformation at the surface induced by both sediment compaction at depth and water level variations. Thus, seismic monitoring is a complementary technique to geodesy and hydraulic head measurement to track water level changes.

Moreover, in our study, we selected specifically the vertical component of the correlation which limits the observations in one space. Thus, several possibilities could enhance our understanding of aquifer system: i) Using a dense array over an aquifer to track the spatial variability of the seasonal velocity variations (similarly to [START_REF] Mao | Space-time monitoring of groundwater fluctuations with passive seismic interferometry[END_REF]); ii) Computing the inter-correlation to access to the horizontal components of the velocity variations and thus, precise the lateral dynamics of the aquifer. We could compare them to the horizontal displacements of the GPS to observe the extension and contraction of the aquifer during the hydrological cycle (as in the study of [START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF] or Silverii et al. ( 2016)).

Correction of the velocity variations from the hydrological cycle

This dissertation has demonstrated the usefulness and potential of δv/v s monitoring from noise autocorrelations to follow the evolution of aquifers. Nonetheless, in Greece and Italy, which are the two most seismic countries in Europe, the seismic content is often covered by variations in the hydrological cycle. We propose in a future work, to correct these variations of velocity from the aquifer dynamic to highlight the tectonic processes. We present in this section an example of velocity variations correction.

Figure 7.1 shows different δv/v s computed at two stations in Italy (NRCA and MMN) and two located in Greece (VLI and EVGI), presenting both seasonal variations related to the aquifer dynamic and tectonic features. At each site, the effect of an earthquake occurring in a radius of 15km from the seismological stations shows a drop of the seismic velocity of 0.5% on average (and up to 0.8% in the case of EVGI station for a M6 earthquake). We propose in Figure 7.2 an application to correct the seasonal behavior due to the dynamic of the aquifer from precipitation data at VLI station. Thus, Figure 7.2c exhibits the δv/v observed from the seismic noise autocorrelation (black line), and the synthetic δv/v computed from precipitation data (blue line). The observed δv/v is positively correlated with the precipitation, meaning that the 1-3s of period band is recording the elastic effect due to the weighting variations of the aquifer.

By calculating the correlation between these two curves (cc = 0.61), we assume in that case, that precipitation is indeed the driving force behind the seasonal behavior on the velocity variations; thus, we process to correct the δv/v obs by subtracting the δv/v syn . The result is shown in panel e. The drop of the seismic velocity of about 0.4% related to the earthquake is now highlighted. 7.1.3 10-year trend on δv/v associated with the evolution of aquifer system

Chapter 3 was dedicated to the study of long-term variations of seismic velocity. For this purpose, we have studied the velocity variations in Italy, taking advantage of the exceptionally high density of seismological and GPS stations. Among the 31 stations where seasonal changes of velocity have been detected, 27 stations present an increase of the velocity variations over a period of 10y with on average an increase of 0.001% per year. Only a region in Italy shows a progressive decrease of the velocity variations of 0.0015% per year located in the central Apennines.

To interpret this long-term variation we follow 2 main steps: (1) we first determine qualitatively the depth at which the velocity change occurs by investigating several period bands;

(2) An increase of seismic velocity can either correspond to an increase or a decrease in the water level depending on the depth of the aquifer and the period band used to measure the δv/v. We show that they are three ways to resolve this ambiguity: i) if the aquifer dynamic is controlled by local precipitation it is possible to determine if the seismic velocity is correlated or anti-correlated with rainfall; ii) by comparing the δv/v and hydraulic head measurement if they are available; iii by comparing the δv/v with GPS vertical displacement, assuming that one knows if the aquifer is confined or unconfined.

Finally, we quantify the sensitivity of the δv/v measurement to the water level at two sites in Italy. The results indicate that a variation of 0.1% of δv/v corresponds to a water level change of 1m and to a vertical displacement of 10mm approximately. Thus, for a progressive increase of the velocity variations of 0.001% per year, that would correspond to an aquifer of 10km 3 of a decrease of 0.01km 3 of water per year.

As a perspective of this work, it would be interesting to create a new set of autocorrelations by stacking 1 year of data. This would help to reduce the short-term fluctuations and highlight the long-term trend on δv/v measurements.

Velocity variations as a function of the lapse time

In Chapter 4, we study how the seasonal variations in seismic velocity depend on the lapse time, with the aim to determine qualitatively if the seasonal velocity variations are only superficial or if at some sites they occur in the deep crust. For this, we take advantage of the fact that the surface/body wave and thus, the depth sensitivity of δv/v measurement depend on the lapse time.

At each station in Greece and Italy we compute δv/v as a function of the lapse time with a sliding window between 15 to 120s. At most sites, when seasonal changes in velocity are detected, they decrease with the lapse time. This is compatible with a change within the first kilometers, that relates to the dynamic of aquifers. However, at a few site, we observe velocity changes only in the late coda (up to 75s). This may indicate a seasonal change of velocity that occurs deeper in the crust. In Italy, the presence of over-pressurized fluids at depth in damaged areas has been suggested, while in Greece, these sites are in the vicinity of geothermal zones.

A perspective to this work would be to use noise inter-correlations in addition to autocorrelations and to calculate coda wave sensitivity kernels to estimate more quantitatively the depth and location of these changes.

Imaging the deep tectonic structures of the Aegean crust

Finally, the last section is devoted to the study of deep tectonic structures related to the Aegean crust. Preliminary results from surface wave tomography clearly show strong lateral variations in Greece that can often be correlated with regional tectonics. The large thickness of sediments in Greece beneath the Hellenides mountain range, the Thessaly plain, the Axios thermal sedimentary basin, the North Aegean Graben, and the South Aegean Basin, are highlighted at the shorter periods. From period 25s, a strong lateral variation is observed between the Aegean and western Greece due to the thickness of the crust and the crustal roots of the Hellenid chain. In the next months, the main objective will be to quantify the impact of path selection on the group velocity maps and to determine the associated uncertainties. That will naturally lead to the inversion of group velocity dispersion curves for S wave velocities and thus, to the probabilistic shear wave velocity models. The study area is characterized by the presence of two main deep hydrogeological systems and a secondary surface system: the shallow aquifer (phreatic) and the deeper karst aquifer (Fig.

A.2B). The deep aquifer is represented by the permeable carbonate formations in the south-eastern part of the region (T3-J1). Groundwater resources are mainly derived from the south-western sector where the limestones are recharged mainly by the massive carbonate limestone of the White Mountains [START_REF] Parisi | Assessment and mapping of the BIBLIOGRAPHY 233 intrinsic vulnerability to pollution: an example from keritis river basin (northwestern crete, greece)[END_REF].

A.1.2 Zakros Aquifer

The study area is a 132 km 2 carbonate plateau, located in eastern Crete, Greece. The plateau consists of a series of limestones and dolomites of the Tripolis unit overlying the impermeable volcano-sedimentary sequence of the "Phyllite -Tyros bed" [START_REF] Papanikolaou | Thrust faults and extensional detachment faults in cretan tectono-stratigraphy: Implications for middle miocene extension[END_REF][START_REF] Kavouri | Evaluation of temporal storage zones in karstic aquifers using hydrogeochemical analysis[END_REF]. The Phyllite -Tyros bed formation generally forms a subhorizontal discontinuity surface with the carbonate column of the Tripolis unit. The total thickness of the carbonate sequence is estimated at 600 m. In general, the area is covered by Neogene deposits, mainly Pleistocene sandstones and conglomerates, and Miocene marly limestones. Two main karst aquifers have been developed in the carbonate rocks, the Palaikstro-Chochlakies system in the north and the Zakros system in the south. In general, the two karst systems have many similarities in terms of lithology and karstification. As a result of tectonic activity, the karst terrain has been divided into two aquifer subsystems, one in the north and one in the south. The northern subsystem is an aquifer open to the sea, while the southern one is limited by impermeable formations. The Mornos River delta is a Gilbert-type fan-shaped alluvial body located on the northern side of the Western Corinthian Gulf and occupies an area of 28 km 2 [START_REF] Parcharidis | Seasonal ground deformation monitoring over southern larissa plain (central greece) by sar interferometry[END_REF]. A large amount of sediment is derived from the erosion and weathering of the Mornos River. A large part of the catchment area (54.4% of the total area) consists of clastic sedimentary rocks, which are mainly flysch formations. The carbonates in the Pindos area are thin and highly deformed. Thus the basement is composed of flysch and carbonates and forms north-south trending anticlines and divides the groundwater into three different parts [START_REF] Louis | The contribution of geophysical methods in the determination of aquifer parameters: the case of mornos river delta, greece[END_REF]. The basin is filled by a series of fluvial deltaic sediments, which vary in thickness from 60 to 150 m. Finer sediments occupy the area near the coast, with a gradual transition from fine clays to mud. The deposition of sediments continues in the gulf by means of turbidites, which show a very high mobility and form an almost vertical sedimentary body, in the sea, which is relatively deep in the northern part of the gulf. Within the basin, three distinct aquifers can be distinguished: Quaternary aquifers, flysch aquifers, and karst limestone aquifers. The flysch is distinguishable by geophysical resistivity studies: the results indicate that the flysch basement is present at a depth of 150m in the northeast of the basin to 350m in the southwest [START_REF] Louis | The contribution of geophysical methods in the determination of aquifer parameters: the case of mornos river delta, greece[END_REF]. The carbonated part, the depth of which remains to be determined, lies below the flysch (A.6). 

A.4 Western Macedonia

Lake Orestadia is located in northwestern Greece and covers an area of 28 km 2 while the main aquifer covers about 77 km 2 [START_REF] Voulanas | Assessment of potential hydrological climate change impacts in the kastoria basin (western macedonia, greece) using euro-cordex regional climate models[END_REF]. The geological structure of the area includes: (a) pre-Alpine crystalline schists, semi-metamorphosed phyllites, and plutonic igneous rocks, (b) Alpine Triassic-Jurassic carbonate rocks, (c) molassicmetalpine sediments (in the SW), (d) Pleio-Pleistocene fluvial and lacustrine deposits and (e) Quaternary formations. The average annual precipitation value of the six stations varies between 563 and 876 mm, and there is a so-called dry period in June/September and a wet period in October/May when most of the pumping takes place to cover agricultural needs [START_REF] Hrissanthou | Simulation modeling of runoff, groundwater flow and sediment transport into kastoria lake, greece[END_REF][START_REF] Voulanas | Assessment of potential hydrological climate change impacts in the kastoria basin (western macedonia, greece) using euro-cordex regional climate models[END_REF]. From a hydrogeological point of view, the carbonate (fractured) rocks that carry the karst groundwater and the alluvial deposits of the basin are considered the most important aquifers. A distinction is made between the alluvial aquifer system of Kastoria, the karstic system of Korissos to a lesser extent, and Lake Orestiada. The alluvial aquifer of Kastoria is the main source of water for irrigation purposes. During the last decades, agricultural activities, which are the main groundwater sink, have led to the construction of more than 78 main groundwater wells in the aquifer, used for irrigation purposes. Twenty of these belong to the public irrigation network. These are the deepest boreholes and create a relatively large cone of depression when pumping, due to their relative proximity to each other. The aquifer is recharged mainly from rainfall and lateral inflow from the surrounding formations. 

A.5 Thessaly

The Thessaly Plain is formed by two distinct large alluvial aquifers: the Western Thessaly Plain aquifer which extends along the Trikala and Karditsa plains, and the Eastern Thessaly Plain aquifer which covers the area of the Larissa and Karla plains. These two large aquifer systems have multiple confined aquifers developed in a thick sequence of Pliocene to Holocene sediments that reach a thickness of 450m. At the boundaries of the two alluvial plains, a series of small karst aquifers are present in thick carbonate formations that contribute to the inflow of groundwater into the alluvial plains aquifers. Although both major alluvial aquifer systems are part of the Pinios watershed, there is limited or no groundwater connection [START_REF] Manakos | Hydrogeological study of thessaly water basin[END_REF].

A.5.1 Western aquifer in Thessaly

The Western Thessaly basin has an area of 6,093.06 km 2 and has a geological structure as follows 1-molassic formations of the Mesohellenic Graben (sands, clays, marls, sandstones and conglomerates), 2-Neogene sediments (clays, silts, marls, sands, sandstones, conglomerates, breccias, sandstones and marly limestones) and 3-Quaternary deposits (alluvial and fluvial deposits, fluvial terraces, screes and scree cones). Approximately 42% of the basin is composed of formations of Quaternary age with thicknesses exceeding 550m. The most important aquifers are located in this geological formation and are unconfined. Other confined aquifers are also present in the area and develop in the permeable layers. The majority of the aquifers in the Thessalian Plain are subject to an overexploitation regime, which leads to a systematic lowering of the groundwater level [START_REF] Rozos | Engineering geological mapping and related geotechnical problems[END_REF][START_REF] Rozos | Land subsidence due to excessive groundwater withdrawal. a case study from stavros-farsala site, west thessaly. patras greece[END_REF][START_REF] Apostolidis | Engineering-geological conditions of the formations in the western thessaly basin, greece[END_REF].

The GPS time series indicate that the KRDI and KLOK stations, both located on the aquifer, show seasonal variations with a maximum reached in summer and a minimum in winter (Fig.A.8-A (KRDI and KLOK stations)). These variations are anti-correlated with the variations of the hydraulic heads presented in figure A.9 indicating that we are recording the variations of the unconfined aquifer. As the majority of pumping takes place in summer to supply agricultural needs, this indicates that the ground is depleted of water during this period. When unconfined aquifers lose water the vertical movement indicates an uplift. And conversely, when the aquifer is filled with water, the GPS vertical movement indicates subsidence.

A.5.2 East Larissa Plain

Eastern Thessaly is dominated by a vast plain that covers an area of over 450 km 2 and represents a region of fertile land with great water resources, bounded by the Alpine ranges. This gently sloping SE plain is a remnant of a Pliocene lake that has been partially drained since the Lower Quaternary and is thus covered by a layer of sediment of about 50m to 100m in places.

The studies by [START_REF] Konstantinides | Hydrodynamique d'un systeme aquifere heterogene[END_REF], Caputo andPavlides (1993), Caputo et al. (1994) reveal that the basement rocks are located at a depth of 50-250 m, although some depressions are deeper, up to a depth of 500-700 m. Quaternary sediments overlie the basement rocks, mainly carbonate rocks, and schistes, except for a narrow band of Neogene sediments along the western margin of the plain (mainly marl of Pliocene age and terrestrial sands and gravels of Pleistocene age, with interspersed of silt to silty clay). The Eastern Thessaly Plain Gap was mainly filled with fluvial and torrential deposits, especially in its north/northwestern part. The blocks and large masses of marble and limestone identified in these strata represent the most important aquifers. On the contrary, in the SE part of the plain (at the level of Lake Karla), clay and silt predominate, originating from the erosion of Neogene sediments on the SW margins of the plain. The multiple alternations of coarse-grained permeable deposits (aquifers) with impermeable to low permeability strata (aquitards) create a number of successive semi-confined to confined aquifers [START_REF] Kontogianni | Ground subsidence, quaternary faults and vulnerability of utilities and transportation networks in thessaly, greece[END_REF].

Hydrologically speaking, two main types of aquifers co-exist: conglomerates and sandstones, mainly in the northern and western parts of the plain, and tectono-karstic depressions in the basement and margins of the plain. The majority of these aquifers, however, appear to be rather isolated and in most cases this prevents their recovery after intense exploitation.

Agricultural needs associated with the drying up of Lake Karla since the 1970s have led to the pumping of groundwater resources: in the last 30 years nearly 5,000 uncontrolled wells have been dug [START_REF] Gouvi | Ground fissures and subsidence at the eastern Thessaly plain[END_REF]. Eventually mass exploitation of resources results in a progressive depletion of local aquifers and has led to a continuous need to open deeper boreholes to exploit deeper aquifers.

Between 1982 and 2003, the average level of the hydraulic head of the aquifer dropped between 10 and 50 m. The subsidence observed at the surface is correlated with lithology; dewatering of loose soil layers in which water provides structural support produces surface subsidence with the following sequence of processes: groundwater is extracted from a shallow confined aquifer; the groundwater level decreases, which reduces the structural support, causing volumetric contraction of fine-grained sediments, resulting in soil subsi-
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 11 Figure 1.1: The water scarcity index Rws = (W -S)/Q > 0.4, where Q, W, and S arerenewable freshwater resources (RFWR), water withdrawal, and water generated by desalination, respectively. Water stress is higher for regions with larger Rws. A region is usually considered highly water-stressed if Rws is higher than 0.4.[START_REF] Oki | Global hydrological cycles and world water resources[END_REF][START_REF] Oki | Global assessment of current water resources using total runoff integrating pathways[END_REF][START_REF] Vörösmarty | j. salisbury and rb lammers[END_REF][START_REF] Falkenmark | Balancing water for humans and nature: the new approach in ecohydrology[END_REF][START_REF] Alcamo | Development and testing of the watergap 2 global model of water use and availability[END_REF] (from Oki and Kanae (2006))

Figure 1 . 3 :

 13 Figure 1.3: Groundwater and climate change. a) Schematic of land hydrological processes. b) Controlling factors affecting divergent groundwater responses (from Wu et al. (2020)).

Figure 1 . 4 :

 14 Figure 1.4: Representation of the different types of aquifers (from the presentation of Mittal (2021)). A confined aquifer is a layer of aquifer material covered by relatively impermeable material. If the confining layer is incapable of transmitting significant quantities of water under ordinary hydraulic gradients, then it is considered impermeable: it is called an aquiclude. If it is sufficiently permeable to transmit water vertically but not in a horizontal direction, it is called an aquitard. An aquifer bounded by one or two aquitards is called a semi-confined aquifer[START_REF] Negm | Modeling of fertilizer transport through soil, case study: Nile delta. The Nile Delta[END_REF].

Figure 1

 1 Figure 1.5: a)Schematic showing the change in aquifer conditions before (left) and after (right) heavy pumping of an unconfined aquifer (pores drain) b)Schematic showing the change in aquifer conditions before (left) and after (right) heavy pumping of a confined aquifer (pores depressurize and geologic layers compact) (from Poeter and Hsieh (2020))

Figure 1 . 6 :

 16 Figure 1.6: Subsidence of the San Joaquin Valley, California, USA. a) Photograph of the sinking ground surface due to heavy irrigation from 1925 to 1977 (Poland, 1977). Signs on the pole show the approximate altitudes of the land surface in 1925, 1955, and 1977. The site is in the San Joaquin Valley southwest of Mendota, California; b) Volume of water withdrawn and volume of subsidence over an approximately 2,000 square kilometer area from 1925 to 1977 (Galloway et al., 1999); c) Schematic of the valley before pumping, showing an arrangement of fine -grain particles in clayey lenses (adapted from Sneed et al. (2018)); and, d) Schematic of the valley after long -term pumping, showing tight packing of grains in clay lenses after reduction of water pressure due to pumping (adapted from Sneed et al. (2018))).

  Figure 1.7: Type of aquifers along the Mediterranean sea (from Aureli et al. (2008)).
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 18 Figure 1.8: Water stress index over the Mediterranean basin: (a) current situation (mean over 1971-1990); (b) by 2050 under the business-as-usual scenario (it represents the case where countries continue to burn oil, gas and coal unabated) (from Milano et al. (2013))

Figure 1

 1 Figure 1.9: a) Annual average in precipitations in Italy. Precipitations vary from 400 mm/year in the east to 1500 mm/year in the west. b) same in Italy: the maximum rainfall follows the Apennines reaching 900 mm/y on average.

Figure 1 .

 1 10a represents the groundwater level evolution between 1972 to 2004 for an unconfined alluvial aquifer located in Thessaly used for agriculture(red point, Fig.1.10b). A seasonal pattern is present, indicating the period of pumping. However, a negative trend is also visible showing the progressive depletion of the groundwater level of 50m in 20y(from 1984 to 2004). This over-exploitation leads to the contamination of most of the coastal aquifers in Greece by seawater intrusion as indicated by Fig.1.10b.

Figure 1 .

 1 Figure 1.10: a) Hydrograph of groundwater table fluctuations (m below ground surface) in Thessaly region (Greece). b) Groundwater over-exploitation and saltwater intrusion in Greece (from Daskalaki and Voudouris (2008)-modified).

Figure 1 . 11 :

 111 Figure 1.11: Example of correlation between precipitation and vertical displacement for an unconfined karst aquifer located in Italy. a) Map of Italy with the location of the study area (blue square). b) Zoom on the study area. c) Daily precipitation obtained at Mormanno weather station (grey bar) and the 2-month average in brown. d) Vertical displacement measured at the GPS station MMNO averaged with a 2-month sliding window.

Figure 1 .

 1 Figure1.12c shows the daily fluctuation of the GPS between the years 2006 and 2022. A clear seasonality is visible with a minimum reached in october/november and a maximum in june/july. The variations of the hydraulic heads are presented in Fig.1.12d: in this case, only 3 years of data are available from 2017 to 2019. The temporal evolution of the groundwater level exhibits also seasonal variations with the maximum of water in summer and a minimum reached in november. Thus, these two observations indicate that the groundwater level and the GPS vertical displacement are correlated: less water in the reservoir in winter leads to a subsidence of the surface.

Figure 1 . 12 :

 112 Figure 1.12: Example of correlation between groundwater level measured direct in boreholes and vertical displacement for a confined aquifer. a) Map of Italy with the location of the study area (blue square). b) Zoom on the study area located in northern Italy. c) Daily vertical displacement GPS recorded at PARM station. d) Hydraulic heads taken at three boreholes located less than 4km from each other(Modified from (Zanini et al., 2021)).
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 1 Figure 1.13: (a) First experiment: a signal is emitted from source C, received by two receivers in A and B. b) Second experiment: B emits the signal, C reverses the signal which is recorded in A. (from (Rivet et al., 2011)-modified)
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 1 Figure 1.14: Time-reversal experiment with several mirror points C

Figure 1 .

 1 Figure 1.15: a) Noise recordings at stations A and B. b) The cross-correlation function between A and B. c) Stochastic medium changes of the wave path between A and B. d) Two cross-correlation equations with a slight time shit. Schema from a presentation of Brenguier 2017.

Figure 1 .

 1 Figure 1.17: Top: the reference signal (black) is compared with the red one computed at a time t. The grey area is enlarged in the center. Center right: linear regression in the phase and frequency domain. Bottom: linear relationship between the time delay and the travel time. Each dot corresponds to a measurement in one window (from Hadziioannou (2011)).

Figure 1 .

 1 Figure 1.18: Examples of correlations in a case of homogeneous sources (upper panel) and heterogeneous sources (lower panel) between two stations A and B (from Froment (2011)).

Figure 1 . 19 :

 119 Figure 1.19: Evolution of δv/v computed from seismic noise (black line) and δv/v computed through a linear model taking in input the precipitations data (blue line) (from Barajas et al. (2021)-modified)

Figure 1 . 20 :

 120 Figure 1.20: Comparison of dilation (from GPS), hydrological and δv/v observations. (from Almagro Vidal et al. (2021)-modified)

Figure 1 .

 1 Figure 1.21: a) Comparison of δv/v averaged in the Greater Los Angeles area and the cumulative precipitation at meteorological station ANA located on the Santa Ana Basin. b) Comparison of δv/v averaged in Santa Ana Basin and the hydraulic head. (from Mao et al. (2022))

Figure 1 .

 1 Figure 1.22: a) Global hotspots of groundwater vulnerability to seawater intrusion and sea level rise; b) Global hotspots of land subsidence induced by groundwater withdrawal. The points are located in Northern America, Southern Europe, Asia, and Australia. (from UNESCO (2022); Oude Essink et al. (2010))
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 21 Figure 2.1: Map of the broadband seismic networks used in this study including permanent networks for which we use continuous noise records from 2021 (red triangles), the IberArray network (2009-2011, blue triangles) and the Pyrope network (2011-2013, yellow triangles).
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 22 Figure 2.2: Spatial distribution of the median noise level at 2s and 7s of period in January (left) and July (right).

Figure 2 . 3 :

 23 Figure 2.3: Spatial distribution of the dominant period of seismic noise: period at which the median PSD of the seismic noise is maximum in a) January and b) July. The median PSD is defined as the median of PSDs computed with a sliding window of one hour that is shifted by 5 minutes.

CHAPTER 2 .

 2 Figure2.3 shows a spatial map of the dominant period of the seismic noise measured in the 2 -10s period band corresponding to the secondary microseism. It literally represents the period at which the median PSD of the seismic noise record is maximum, the median PSD being defined as the median of the PSDs computed with a one-hour sliding window. If the noise originated from a single region, and assuming a constant quality factor across Europe, the dominant period of the noise should increase smoothly with distance from the source[START_REF] Lu | Mapping the seismic noise field in europe: spatio-temporal variations in wavefield composition and noise source contributions[END_REF]. However, this is not what we observe either in January or July (Figure2.3): as seen in the previous section, between 2-10s, the seismic noise is influenced by two distinct source regions located in the North Atlantic and in the South East Mediterranean. Thus, the spatial distribution of the dominant period results from the interaction between these two source areas. This interaction is itself dependent on the season.
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 24 Figure 2.4: Left: Map showing the location of the NRCA station located in Norcia, Italy. Right, upper panel: stationarity coefficient measured at the station NRCA in the 0.5-0.7Hz from June 6th to June 30th. Right, lower panel: spectrogram in dB measured at the station NRCA in the 0.05-1Hz frequency band at the same date.
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 25 Figure 2.5: Detail of the June 30 microseismic event. a) Spatial distribution of the stationarity coefficient measured between 0.5 and 0.7Hz on June 30, averaged from 6:00 a.m. to 9:00 a.m. b) Map of the relative change in percentage of the average noise level on June 30 between 3:00 a.m and 9:00 a.m compared to the average noise level of the last 10 days. c) Spectrogram in dB computed at the station NRCA located in central Italy from June 29 to July 2 with a sliding window of 30 minutes shifted by 5 minutes. d) Vertical noise record at the station NRCA filtered between 0.5 and 0.7Hz from June 29 to July 2.
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Figure 2 . 6 :

 26 Figure 2.6: Detail of the June 18 microseismic event. a) Spatial distribution of the stationarity coefficient measured between 0.5 and 0.7Hz on June 18, averaged from 13:30 to 16:30 a.m. b) Map of the relative change in percentage of the average noise level on June 30 between 10:30 and 16:30 a.m compared to the average noise level of the last 10 days. c) Spectrogram in dB computed at the station NRCA located in central Italy from June 17 to June 20 with a sliding window of 30 minutes shifted by 5 minutes. d) Vertical noise record at the station NRCA filtered between 0.5 and 0.7Hz from June 17 to June 20.
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 27 Figure 2.7: Percentage of time where the stationarity coefficient is less than 0.98 in January 2021 (left) and August 2021 (right) in the 0.5 -0.7 Hz frequency band.

Figure 2 . 8 :

 28 Figure 2.8: Average correlation coefficient between one-day auto-correlations and a reference averaged over two months obtained in the 2-3s period band and for the time window 5-25s (a) in January-February and (b) in July-August. (c) and (d) are similar to (a) and (b) respectively but for 20-day auto-correlations. e) Example of an auto-correlation at the Italian station NRCA filtered in the 2-3s period band and averaged over one year (2021). The 5-25s time window that is studied here is shaded in yellow.

  Figure 2.9: Average correlation coefficient between one-day auto-correlations and a reference averaged over two months obtained in the 2-3s period band and for the time window 20-40s (a) in January-February and (b) in July-August. (c) and (d) are similar to (a) and (b) respectively but for 20-day auto-correlations. e) Example of an auto-correlation at the Italian station NRCA filtered in the 2-3s period band and averaged over one year (2021). The 20-40s time window that is studied here is shaded in yellow.
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  Figure 2.10: Number of days required to get a correlation coefficient greater than 0.95 between a reference auto-correlation averaged over the season (2 months) and an N-day auto-correlation, in the time window 5-25s corresponding to the beginning of the coda, in a) winter (January-February) and b) summer (July -August). (c) and (d) are similar to (a) and (b) but for a correlation coefficient of 0.8. (e) and (f) are similar to (a) and (b) but for the 20-40s time window and a correlation coefficient of 0.7.
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 31 Figure 3.1: Distribution of the seismological stations (red triangles), meteorological stations (black squares), and GPS stations (green triangles) in Greece.

Figure 3 .

 3 Figure 3.2 presents the temporal evolution of the coda wave velocity measured at two stations MALA and AGRP from 2010 to 2022. These two stations are located in the north part of the Gulf of Corinth, 13 kilometers away from each other (Figure3.2a). As explained in the previous section, the δv/v s were computed with a sliding window of 60 days in the 1-3s period band. In this period band, coda waves are mostly sensitive to shallow depths of the order of 1-2km.

Figure 3 .

 3 Figure 3.2: a) Map of the Gulf of Corinth showing the location of the seismological stations MALA and AGRP. b) Evolution of the seismic velocities δv/v in the 1-3s period band obtained with a sliding window of 60 days (black solid line) and the corresponding error bars (gray shaded area) at two stations separated by 13 km: MALA (upper panel) and AGRP (lower panel). The vertical dashed lines represent the seismic events of M>4.5 in a radius of 50km. At MALA the seismic velocity exhibits clear seasonal variations having an amplitude of ±0.1%. These seasonal variations are not observed at AGRP station.

Figure 3 . 3 :

 33 Figure 3.3: a) δv/v computed at the station MALA in the 1-3s period band with a sliding window of 60 days (black solid line) and the error bars of the measurements (gray shaded area). The dashed lines represent seismic events of Mw>4.5 that have occurred in a radius of 50km around MALA. Seasonal variations are clearly visible with an amplitude of ±0.1%, the velocity being maximum in winter and minimum in summer. b) Annual δv/v from March 1st to February 28th measured at MALA from 2015 to 2019. We note that each year the seismic velocity exhibits similar seasonal variations.
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 34 Figure 3.4: Map of the seasonality coefficient in Greece obtained from δv/v measurements computed in the 1-3s period band. Alluvial and karst aquifers are indicated by solid gray lines (from the work of Margat (2008)). The seasonality coefficient is greater than 0.6 in specific regions indicating that the evolution of seismic wave velocity is dominated by seasonal variations: a) the northern part of the Gulf of Corinth (GoC); b) the coastal part of the Peloponnese (Pl); c) the southeastern part of Crete (Cr); d) Thessaly region (Th); e) East Macedonia and Thrace (EMT) and f) western Macedonia(WM).

  Furthermore, several studies such as Richter et al. (2014); Compaire et al. (2022); Hillers
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Figure 3 .

 3 Figure 3.5: a)Average rainfall per year in Greece: precipitations are not homogeneousand vary from 400 mm/year in the east to 1500 mm/year in the west. b)Seasonality coefficient map for precipitations measured at 494 weather stations (square) between 2010 and 2021. The seasonality coefficient obtained at each station is interpolated spatially using a natural neighbor interpolation. We observe that precipitations exhibit a clear seasonal behavior in the southwest part of Greece but not in the northeast region.
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 33 Figure 3.6: δv/v predicted from precipitation at the seismic station MALA. a) Map of Greece showing the area where the station MALA is located (blue square). b) Zoom on the region where MALA is located (red triangle). Precipitation data come from the Rio station (black square). c) Observed δv/v in the 2-3s period band (black line) compared with δv/v predicted from precipitation data using a linear reservoir model (blue solid line). d) Daily precipitation (gray bar) and cumulative precipitation with a 2-month sliding window average (brown solid line)
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 37 Figure 3.7: Cross-section of Mornos delta and Rayleigh waves sensitivity kernel at the station MALA. a) Schematic North-South cross-section of the Mornos delta beneath the station MALA (from the information of Louis et al. (2004); Parcharidis et al. (2013)). b) Sensitivity kernels of Rayleigh waves as a function of depth at periods 0.5s, 1s, 2s and 3s computed in the 1D medium shown on the left panel. At 0.5s and 1s of periods, the sensitivity of the Rayleigh waves is maximum at a depth of 100m, whereas at 2 and 3s of periods it is a maximum at 500m. To compute sensitivity kernels, geological units are converted into seismic velocity assuming that in the 15-55s lapse time windows, coda waves are dominated by Rayleigh waves (velocities from[START_REF] Zhang | Petrologic composition model of the upper crust in bohai bay basin, china, based on lamé impedances[END_REF]).

Figure 3 . 8 :

 38 Figure 3.8: Velocity variations measured at the IMMV station that is located over an unconfined karstic aquifer. a) Map of Greece showing the area where the IMMV seismological station is located (blue rectangle). b) Zoom on the region where the IMMV seismic station (red triangle), the TUC2 GPS station (purple triangle) and the Alikianos weather stations (black square) are located. c) Observed δv/v in the 1-2s period band (black solid line) and δv/v predicted from precipitation using a linear reservoir model (blue solid line). d) Daily precipitation (gray bar) and cumulative precipitation obtained with a 2-month sliding window (brown solid line). e) 2-month averaged vertical displacement measured at the GPS station TUC2 located 11km away from the seismic station IMMV.
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 39 Figure 3.9: Correlation coefficient between observed δv/v and predicted δv/v from precipitation as a function of the characteristic time τ = 1/k. Stations for which δv/v are positively and negatively correlated with water level inside the aquifer are shown respectively with blue squares and orange circles.

Figure 3 .

 3 Figure 3.10: Sensitivity kernel and cross-section computed at Zakros region. a) Schematic cross-section of the rocks below the ZKR seismological station. The grey layer represents the superficial layer of limestone, below the carbonate flysch sandstoneswhere the aquifer is located. The light pink color represents the impermeable layer composed of carbonate and volcanic rocks. Finally, the Plattenkalk unit is composed of limestone, carbonate marls, and shales metabauxite (informations from[START_REF] Ring | to be, or not to be, that is the question"-the cretan extensional detachment, greece[END_REF];[START_REF] Kavouri | Spatially distributed recharge in karst groundwater modelling[END_REF];[START_REF] Papanikolaou | Thrust faults and extensional detachment faults in cretan tectono-stratigraphy: Implications for middle miocene extension[END_REF]). b) Sensitivity kernel showing that the maximum of the sensitivity is at the level of the aquifer in the 0.5-1s (250m) while for higher periods (2-3s), the sensitivity is maximal at 1km depth: below the aquifer system.

Figure 3 .

 3 Figure 3.11: Seismic velocity variation at the station ZKR which is located over an unconfined karst aquifer used for water pumping. a) Map of Greece showing the area where the seismic station ZKR is located (blue rectangle). b) Zoom on the region where the ZKR seismic station (red triangle) and the weather station Sitia (black square) are located. c) Observed δv/v in the 0.5-1s period band (orange solid line) compared with δv/v predicted from precipitation records using a linear reservoir model (blue solid line). d) Observed δv/v in the 1-3s period band (black solid line) compared with δv/v predicted from precipitation (blue solid line). e) Daily precipitation (gray bar) and cumulative precipitation obtained with a 2-month sliding window (brown solid line).

Figure 3 .

 3 Figure 3.12: Map of Thessaly showing the location of two main alluvial aquifers: the western aquifer located within the Trikala and Karditsa plain; and the eastern aquifer where the LRSO station (red triangle) is located. GPS stations are indicated by magenta triangles, and boreholes were used to monitor the water level from 1997 to 2013(gray circles). The two blue circles represent the two boreholes analyzed in this study: P17L and E3.

Figure 3 .

 3 Figure 3.13: Hydraulic heads recorded at P17L and E3 wells in Western Thessaly. The two time series present annual variations of amplitude 2m and 5m respectively and a long-term trend. Between 1997 and 2012, the water level dropped by approximately 20m in the borehole P17L located at the northern part of the aquifer against 45m in the southern part(E3) (Information from Sidiropoulos et al. (2016)).
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 3314 Figure 3.14: Seismic velocity variation at the station LRSO which is located over a confined alluvial aquifer used for water pumping. a) Map of Greece indicating the area where seismic station LRSO is located (blue square). b) Zoom on the region where the LRSO seismic station (red triangle), the LARM and STEF GPS stations (purple triangle) and the weather station Larissa (black square) are located. c) Observed δv/v in the 1-3s period band (black solid line) compared with the δv/v predicted from precipitation records using a linear reservoir model (blue solid line). d) Daily precipitation (gray bar) and cumulative precipitation obtained with a 2-month sliding window. e) Vertical displacement measured at the GPS station LARM and STEF located respectively at 6km and 37km from LRSO averaged with a two 2-month sliding window.

Figure 3 .

 3 Figure 3.15: Map showing the location of the poro-elastic and elastic effect seen by the velocity variations in the 1-3s period band. Seismic stations for which δv/v exhibits seasonal variations that are positively and negatively correlated with precipitations are shown with blue and orange triangles respectively. Seismic stations for which δv/v cannot be predicted from precipitations and are likely due to water pumping are shown in green. We distinguish stations in the vicinity of confined and unconfined aquifers (black and white circle surrounding the stations).

Figure 3 .

 3 Figure 3.16: Map of the faults (from NOA) and principal aquifers in Greece (from Ypeka).

Figure 3 .

 3 Figure 3.18: Evolution of the velocity variations at two stations as a function of the period. The two stations VLI and IMMV are located respectively in southeast Peloponnese and in Western Crete.

Figure 3 .

 3 Figure 3.19: Left: Map of seasonality coefficient computed from smoothed precipitations data over 2 months. Precipitations data exhibit seasonal behavior everywhere in Greece except the north part, Larissa region and western Macedonia(WM) (blue color on the map). Right: Example taken at 3 stations: Larissa, Pylos and Ios. The grey histograms represent the daily precipitation at each stations. The brown curves are the result of the moving window over 2 months and highlight the seasonal pattern. On Pylos and Ios station, the seasonality of the precipitation is clear instead of Larissa station.

Figure 3 .

 3 Figure 3.20: Example on MALA station in the 2-3s period band. We show different synthetic δv/v depending on the parameter 'k'. a) Map of Greece showing the area in blue where the seismic station MALA is located. b) Graph representing the value of the RMS between the observed δv/v and the synthetic δv/v for different value of 'k'. c) Observed δv/v in the 2-3s period band (black line) compared with predicted δv/v obtained from precipitation data using a linear reservoir model (blue solid line). d) Observed δv/v in the 2-3s period band (black line) compared with underestimated (yellow line) and overestimated(green line) δv/v obtained from precipitation data. e) Daily precipitation (gray bar) and cumulative precipitation with a 2-month sliding window average (brown solid line)
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 3321 Figure 3.21: Synthetic δv/v computed at MALA station for different period bands :1-2s, 2-3s, 1-3s. The left column represents the results of the synthetic δv/v obtained from precipitation data (in orange) and the comparison with the observed δv/v obtained from noise auto-correlations(in black). The right column represents the misfit function in each case. In the 1-2s of period, the δv/v doesn't converge properly toward the observed δv/v . Indeed the misfit function doesn't indicate a global minimum but only a local one indicating that we don't arrive to predict the observed δv/v with precipitation data. In the 2-3s of period or in the broadband, we notice that a global minimum is visible on the misfit function indicating that a sustainable solution has been found. Indeed, the synthetic δv/v is close to the observed one, and retrieve the seasonal variations.

Figure 3 .

 3 Figure 3.22: Left side -Upper panel : Observed δv/v compared with the synthetic obtained from precipitation data. Middle panel: Daily precipitation with the 2-month average. Lower panel: 2-month average on the vertical displacement of the GPS. Right side -Location of the different stations. In this example, the δv/v is correlated with the precipitation and anti-correlated with the vertical displacement of the GPS. δv/v computed at HL.ITM station with weather station Arfara station located at 10.9km and VLY1 at 6.6km.

Figure 3 .

 3 Figure 3.23: textitLeft side -Upper panel : Observed δv/v compared with the synthetic obtained from precipitation data. Middle panel: Daily precipitation with the 2-month average. Right side -Location of the different stations. In this example, the δv/v is correlated with the precipitation and anti-correlated with the vertical displacement of the GPS. δv/v computed at HA.VILL station with weather station Vilia station located at 1.2km.

Figure 3 .

 3 Figure 3.24: Time series of the 4 GPS stations located on Thessaly. KLOK and KRDI located respectively on the western aquifer and LARM, STEF and the eastern one.

Figure 3 .

 3 Figure 3.25: Left: Map of the seasonality coefficient computed from temperature data. The colors represent how strongly seasonal the temperature is: in our case, all Greece is red indicating that the temperature is seasonal in every location. The squares represent the meteorological station. The numbers represent the location of the stations for which we show the time series on the right figure. Right: Temporal series of the temperature taken at different locations in Greece. We notice that all the curves are seasonal with the maximum of value during summer and a minimum reached during winter with an amplitude between 0°and 30°.
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 41 Figure 4.1: Map of broadband seismological stations (red triangles) and GPS stations (green triangles) used in this study.

Figure 4 . 2 :

 42 Figure 4.2: Maps of seasonality coefficient of δv/v for several period bands a) [0.5-1]s; b) [1-2]s; c) [2-3]s; d) [1-3]s. Karst aquifers are indicated by the grey lines (from Barajas and D'agostino, 2021)
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 43 Figure 4.3: a) Maps showing the location of the seismic stations for which the seasonality coefficient is greater than 0.6. The color of the stations indicates the coefficient of the linear regression of the δv/v in % per year. A red color indicates a positive trend while a blue one indicates a negative trend. b)δv/v measured in the 1-3s period band from 2009 to 2022 at the stations MMN (upper panel) and CAMP (lower panel) (blue solid line) and δv/v trend obtained by linear regression (Red solid line).

  Figure 4.4b.

Figure 4

 4 Figure 4.4: a) Geology of the region. The red rectangle indicates the location of our study area: Mormanno city. (From Iannace et al. (2007)-modified), b) Detailed stratigraphic columns for the Lungro-Verbicaro Unit (From Corrado et al. (2010)-modified). c) Sensitivity kernel computed from the log presented in b.
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 45 Figure 4.5: Velocity variations computed at MMN station in a) 1-2s of period, b) 2-3s of period, and c) the broadband 1-3s.
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 46 Figure 4.6: Seismic velocity variation at the station MMN which is located over an unconfined karst aquifer. a) Map of Italy showing the area where the seismic station MMN is located (blue rectangle). b) Zoom on the region where the MMN seismic station (red triangle), the weather station Mormanno (black square) and the GPS station MMNO (purple triangle) are located. c) Observed δv/v in the 1-2s period band (black solid line) compared with δv/v predicted from precipitation records using a linear reservoir model (blue solid line). d) Daily precipitation (gray bar) and cumulative precipitation obtained with a 2-month sliding window (brown solid line). e) 2-month average vertical displacement recorded by MMNO GPS station
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 47 Figure 4.7: Velocity variations computed in several period bands at VVLD station located in central Apennines. a) in 1-2s of period; b)in 2-3s of period, and c) 1-3s of period (broadband).

Figure 4 .

 4 Figure 4.7 presents the velocity variations computed in 1-2s, 2-3s and 1-3s of period. All the δv/v s indicate the same variations: seasonal fluctuations and a slight increase of the velocities since 2014. From Figure4.8, we see that precipitation and velocity variations are anti-correlated. We compute for the 2-3s period band, the synthetic velocity variations from precipitation data since that period band exhibits the strongest amplitude. The results are indicated in Fig.4.8a. In that case, also, we retrieve a good correlation between the two δv/v s (CC=0.72). Finally, for the aquifer below VVLD station, the amount of water decreases over time resulting in a progressive increase of velocity variations.
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 48 Figure 4.8: Comparison between precipitation and velocity variation at VVLD station. a) comparison between the observed δv/v (dark blue line) and the synthetic obtained from precipitation (light blue line). b) Daily precipitation (gray bar) and cumulative precipitation obtained with a 2-month sliding window (brown solid line).

Figure 4 . 9 :

 49 Figure 4.9: Location map of carbonate and evaporite rocks and natural protected karst areas of Sicily (modified after (Catalano, 1986; Macaluso, 2001)). Numbers correspond to a list of karsts studied by Di Maggio et al. (2012). The location of the seismological station RESU (red triangle) and the GPS station EDEN (green triangle) have been placed on the map. (from Di Maggio et al. (2012)-modified)

Figure 4 . 10 :

 410 Figure 4.10: Velocity variations recorded at RESU seismological station compared with a) the synthetic δv/v (blue line), b) the precipitation data and c) the vertical displacement recorded at EDEN station.

Figure 4 . 11 :

 411 Figure 4.11: Geolithology of Northern Italy. The red triangle represents the seismological station used in this study. The hydrological settings representing the aquifers come from Martinelli et al. (2018) modified by Orecchia et al. (2022).

Figure 4 .

 4 Figure 4.12: a) Map of Italy showing the area in blue where the seismological station PRMA is located. b) Zoom on the region where the PRMA seismic station is located(red triangle). PARM GPS station is represented in purple. c) Observed δv/v in the 1-2s period band (black solid line) compared with predicted δv/v obtained from precipitation data using a linear reservoir model (blue solid line). d) Daily precipitation (gray bar) and cumulative precipitation with a 2-month sliding window average (brown solid line) e) 2-month averaged vertical displacement measured at the GPS station PRAM located right above the seismic station PRMA.

Figure 4 .

 4 Figure 4.13: a) Daily GPS measurement computed at PARM station. b) Hydraulic heads recorded at 3 stations located on the confined aquifer in Parma. All the stations show the same behavior with a minimum in autumn and a maximum in summer(from Zanini et al. (2021)-modified).

Figure 4 .

 4 Figure 4.14: a) Distribution of aquifers in the region of Apulia (from De Giglio et al. (2016)). The red triangle represents the seismological station IV.MELA. The GPS station MELA is at the exact same location as the seismological one. b) Upper panel: velocity variations computed at IV.MELA station in the 2-3s period band. Lower panel: GPS vertical displacement recorded at MELA GPS station (from Di Nunno and Granata (2020)). c) Location of the wells in the Apulia region. d) Hydraulic heads time series recorded at 4 stations (from Di Nunno and Granata (2020)).
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Figure 4 .

 4 Figure 4.15: Schematic representation of a loss of water in an aquifer of 10km 3 of volume considering an increase of velocity of 0.001% per year

Figure 4 .

 4 Figure 4.17: Comparison between the SC computed on GPS data (a) and velocity variations measurement (b). The same pattern is visible on both maps except the Po plain probably due to the low density of seismological stations in this area.

Figure 4 . 18 :

 418 Figure 4.18: Sketch view of the aquifer system from Apennines Mountains to Parma, modified from Nuova Carta Regionale della Vulnerabilità-aspetti metodologici (Direzione Ambiente e difesa del suolo e della costa, determinazione n. 6636 del 6 July 2001). In grey, the silt-clay layers; A identifies the main aquifer group (from Zanini et al. (2021)).

Figure 4 . 19 :

 419 Figure 4.19: Sketch geological map of the Southern Apennines from Kelemework et al. (2021). The red rectangle represents our studied area. The light green color represents the shallow-water carbonates of the Apennines platform unit. The study area is located on this unit.

Figure 4 .

 4 Figure 4.20: The upper panel represents δv/v computed between 1 and 3s of period at the station CDRU compared with the synthetic one computed from precipitations data.The δv/v is correlated with the precipitations but anti-correlated with the vertical displacement recorded at the CDRU GPS station.

Figure 4 .

 4 Figure 4.21: a) Hydrogeological setting of the Fucino Plain. 1: plain aquifer, corresponding to the agricultural area; 2: fan and detrital deposits connecting carbonate aquifers to the plain aquifer; 3: ancient alluvial deposits (aquitard); 4: terrigenous deposits (regional aquiclude); 5: carbonate aquifers (recharge area of springs); 6: rainfall gauge stations; 7: main springs; 8: main streambed springs; 9: public irrigation wells; 10: drinking water wells; 11: main groundwater flow paths. The red triangles represent the seismological station IV.PTQR and IV.VVLD respectively. (From Petitta (2009) -Modified ). b) Velocity variations observed at two stations located on Fucino Plain: The PTQR station located on the plain aquifer, and the VVLD station located on the carbonate aquifer. Both display seasonal variations on their temporal series but their behavior is anti-correlated. 25km separate the two stations.

Figure 4 .

 4 Figure 4.22: a) Location of the studied area in Italy. b) Location of the stations VVLD and PTQR with the topography of the area. c) Observed δv/v compared with the synthetic one obtained from precipitation data at PTQR station from 2013 to 2022. d) Daily precipitation represented by grey bar and the 2-month average in brown. e) Velocity variations observed at VVLD station (black curve) compared with the synthetic δv/v computed from precipitation data (blue curve). d) Daily precipitation in grey bar and the 2-month average in brown between 2010 and 2021.

Figure 4 .

 4 Figure 4.23: Density of authorized private wells (wells per km2.) The pink color represents the density of wells per km 2 . The pinker, the more wells there are. Data from Avezzano Public Authority. From Petitta (2009).

Figure 5 . 1 :

 51 Figure 5.1: Schematic representation for the energy propagation (red dashed arrows) in a medium with a thickness L for: (a) Ballistic regime, (b) Single scattering regime, (c) Multiple scattering regime (from Menina (2023)).

Figure 5

 5 Figure 5.2: a) Sensitivity of Rayleigh waves as a function of depth at periods 3s, 5s, 10s and 15s for a laterally homogeneous Earth made of 5 layers: soft sediments, hard sediments, an upper crust, mid-crust, lower crust on top of a half-space. b) Velocity model for the crust (see Supplementary S3).

Figure 5 . 3 :

 53 Figure 5.3: Profile of the surface (dashed lines) and body (solid lines) wave sensitivity kernels at depths, for the different lapse times (as indicated by the colors) for a source and a receiver located in the same position at the surface (from Barajas et al. (2022)).

Figure 5 . 4 :

 54 Figure 5.4: Evolution of the time partition coefficient for the surface and body waves (solid red and blue lines respectively). The time is normalized by the body-to-body mean free time for a source and a receiver located in the same position at the surface (from Barajas et al. (2022)).

Figure 5 . 5 :

 55 Figure 5.5: Spatial representation of exemplary sensitivity kernels K for station pair S1 and S2; (a) very early in the coda when the waves just had time to travel between the stations, (b) at a much later time. The values along the vertical axis can be interpreted as the sensitivity toward a perturbation in the medium located in (x, y) (from Obermann et al. (2014))

Figure 5 . 6 :

 56 Figure 5.6: Maps of seasonality coefficient in Italy for different lapse times between 15s and 120s. At early lapse time, the SC follows the Apennines and the location of karstic aquifers. At longer lapse time, the pattern is reduced and only in the Po plain, the Campania region and Sicily present seasonality on δv/v measurements.

Figure 5

 5 Figure 5.8: a)Location of the gas emissions. The CO2 fluxes fed by deep sources are highlighted by green-red colors. they represent the probability that a source of deep CO2 exists at these locations. The black dots represent the seismic events with M>2.5. Mainly located at the boundary between the major degassing zone and the zone where there is no degassing. b) Conceptual model of the degassing process and of its relationship with the structural setting and the earthquake locations (grey dots). The blue arrows indicate the possible migration of deep fluids. (from[START_REF] Chiodini | Carbon dioxide earth degassing and seismogenesis in central and southern italy[END_REF] 

Figure 5 . 9 :

 59 Figure 5.9: Sensitivity of Rayleigh waves as a function of depth at periods 0.5s, 1s, 2s and 3s for a laterally homogeneous Earth made of 5 layers: soft sediments, hard sediments, an upper crust, mid-crust, lower crust on top of a half-space. a) without aquifer; b) for an aquifer at the surface; c) for an aquifer at 1km depth (see Supplementary section S3 for the velocity models).

Figure 5 . 10 :

 510 Figure 5.10: Seasonality coefficient maps of the δv/v measurements done in the 15-55s lapse time at different periods. a. 0.5-1s: The seasonality coefficient is maximal on the Corinth Gulf, east of Peloponnese, the Ionian Islands, and in Crete. b. 1-2s: The seasonality coefficient becomes maximal for the center of the Peloponnese and the Thessaly region. The same pattern as the lower period band is seen in Crete. c. 2-3s: the seasonality on the δv/v in Crete has disappeared, but the seasonality reached Western Macedonia and the north of Greece. d. 1-3s: this map represents an average of information obtained in the narrow period bands.

Figure 5 .

 5 Figure5.10 presents the seasonality coefficient obtained throughout Greece on the 0.5-1s, 1-2s, 2-3s, and 1-3s period band. The seasonality coefficient has been computed similarly to figure3.4 (see Chapter 3). Between 0.5-1s period (Fig.5.10a) we look at the most superficial layers of the crust, the Gulf of Corinth, and Crete are the areas where the velocity variations are the most seasonal. The δv/v s exhibiting seasonal variations seems to be mostly correlated with the

Figure 5 .

 5 Figure 5.11: Seasonality coefficient measured in the 1-3s period band as a function of the lapse time. a.15-45s; b.30-60s; c.45-75s; d.60-90s; e.75-105s; f.90-120s.

Figure 5 . 13 :

 513 Figure 5.13: Generalized geological sketch (not to scale) and conceptualization of the dominant heat transfer process in Thrace. The water movement is conducted through permeable intersected faults damage zones and permeable overlapping lateral reservoirs (modified from Dalampakis et al. (2022))

Figure 5 . 14 :

 514 Figure 5.14: Study areas: NEST seismological station located near Kastoria lake; Mornos delta with MALA station and the aquifer in south-east Peloponnesus: Zakros aquifer with ZKR station. The blue contours represent the aquifers.

Following

  the observations obtained by[START_REF] Poli | Seasonal and coseismic velocity variation in the region of l'aquila from single station measurements and implications for crustal rheology[END_REF], two interpretations are possible to explain the seasonal variations observed at ZKR station between 45-75s in the coda: 1) the seasonal variations of the δv/v as a function of lapse time are due to Rayleigh waves. As the coda lapse time increases, they sample a greater area around the station. This would indicate that the velocity variations do not sample in the vicinity of the stations but further away. 2) the change occurs at greater depth:[START_REF] Poli | Seasonal and coseismic velocity variation in the region of l'aquila from single station measurements and implications for crustal rheology[END_REF] have shown that CHAPTER 5. EXPLORATION OF THE CRUST WITH PASSIVE INTERFEROMETRY 154
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 5 EXPLORATION OF THE CRUST WITH PASSIVE INTERFEROMETRY 155 (Ypeka (2014) Management Plan), 55 groundwater bodies exist in Western Macedonia River Basin District. Nonetheless, we have no clear information about the hydrogeological structure below NEST station. This case presents the particularity to have seasonal variations at late lapse time anti-correlated with the ones computed at early lapse times.The velocity measurements of the station NEST are investigated in the following section; located 23 kilometers from Kastoria city.

Figure 5 .

 5 Figure 5.17: a)Google Earth image with the location of the granular aquifer, and the main cities of the area (image Landsat/ Copernicus). b) Location of the seismological station NEST (red triangle), GPS station KAST(purple triangle) and the weather station 'Kastoria' (black square)compared with the position of the aquifer.

Figure 5 .

 5 Figure 5.19: δv/v s computed at different periods at Mornos delta. 3 stations are studied: MALA station, EFP and MG00. a) Geological map of Mornos delta (IGME,1978; from the study of Louis et al. (2004)). The stations were added afterward.b) Elevation map of the stations with the δv/v s computed in several period bands.

  variations fluctuations in terms of period
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 5 Figure5.20: δv/v s at Mornos delta for several windows in the coda for the 1-3s period band (for EFP, MALA and MG00 stations). The δv/v s have been ranged from the early coda to the late coda.

Figure 5 .

 5 Figure 5.21: Map showing the different types of seasonality found on the dv/v according to the lapse time between 1-3s of period in Italy and in Greece. The orange triangles indicate that the dv/v s show seasonality in the early coda and that the amplitude of the oscillations progressively decreases with lapse time. The blue triangles indicate that the presence of seasonal dv/v s in the late coda is anti-correlated with those calculated in the early coda. Finally, the green triangles represent the dv/v s that possess maximum seasonal amplitudes in later lapse time.

  Figure 5.22: Location of stations exhibiting seasonal velocity variations taken at different lapse times

Figure 5 . 24 :

 524 Figure 5.24: Velocity models computed at low periods for 3 scenarios: a) without aquifer; b) with an aquifer located at the surface; c) for an aquifer located at 1km depth. The thickness of the aquifer is 200m.

Figure 5 .

 5 Figure 5.29: Rayleigh-wave group velocity maps at 1, 2, 3, 4, 5, and 6 s. Seismic stations are shown as black triangles. For each period, the variance reduction (VarRed ) between data computed from a homogeneous model with an average velocity and the final model, as well as the final mean velocity (Vmean) are shown at the lower left corner of each frame. (from Giannopoulos et al. (2017))

Figure 5 . 30 :

 530 Figure 5.30: Velocity variations computed in different coda windows for 4 examples: ALN station, VLI, IMMV, and MG02. All these stations show strong seasonal variations on the 1-3s period band and on the early coda.
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 61 Figure 6.1: Simplified map of the tectonic plates in the Mediterranean sea. A -Modified map from Chamot-Rooke et al. (2005). Alb.: Albanie ; Mac. : Macedonia ; Bulg. : Bulgaria ; Gre. : Greece ; AP : Apulian platform ; HP : Hyblean plateau; KF: Cephalonia fault; CR: Corinth rift; TP: Thessaloniki peninsula; NAT: North Aegean trench. B -Inset showing the nature of the crust in the region (Chamot-Rooke et al. (2005),Jolivet et al. (2008)). In black: relic of the Mesozoic oceanic lithosphere; dark gray: Neogene oceanic lithosphere; light gray: thin post-orogenic Miocene continental lithosphere; white: continental lithosphere; dashed lines : accretionary prism[START_REF] Pérouse | Bridging onshore and offshore present-day kinematics of central and eastern mediterranean: implications for crustal dynamics and mantle flow[END_REF]).

Figure 6 . 2 :

 62 Figure 6.2: Main seismotectonic features of the Aegean region (from (Papazachoset al., 1998;[START_REF] Karagianni | Shear velocity structure in the aegean region obtained by joint inversion of rayleigh and love waves[END_REF], modified)

Figure 6 . 3 :

 63 Figure 6.3: Examples of tomography results performed by Karagianni et al. (2002); Kassaras et al. (2020); Salaün et al. (2012). a) Estimated Rayleigh wave group velocity map at 28s of period. The color bar represents the lateral variations in % of group velocity relative to the average group velocity[START_REF] Karagianni | Rayleigh wave group velocity tomography in the aegean area[END_REF]. b) Rayleigh wave apparent phase velocity map at 30s of period[START_REF] Kassaras | Deep structure of the hellenic lithosphere from teleseismic rayleigh-wave tomography[END_REF]. c) Phase velocity map at 40s of period[START_REF] Salaün | High-resolution surface wave tomography beneath the aegean-anatolia region: constraints on upper-mantle structure[END_REF] 

Figure 6 . 4 :

 64 Figure 6.4: Seismological stations used for the tomography are composed of permanent and temporary networks.

  processingBefore computing the cross-correlations between each pair of stations, a pre-processing is performed following two main steps: 1) Each record is detrended and corrected for the instrumental response and then decimated to 5Hz. 2) To decrease the contribution of earthquakes and other transient signals, each daily record is first divided into 2-hour segment with a 1-hour overlap. For each segment, we iteratively eliminate energetic signals whose amplitude is four times the standard deviation and if its energy is 1.5 times the daily average. Similarly to[START_REF] Nouibat | Lithospheric transdimensional ambient-noise tomography of w-europe: implications for crustal-scale geometry of the w-alps[END_REF] and[START_REF] Soergel | Coda-q in the 2.5-20 s period band from seismic noise: application to the greater alpine area[END_REF], daily records are then filtered between 6 period bands(3-5, 5-10, 10-20, 20-40, 40-80, and 80-200 s) and their amplitudes are normalized by their envelopes. Finally, the different normalized and filtered signals are stacked to obtain the 2h pre-processed broadband signal.

Figure 6 . 5 :

 65 Figure 6.5: Selected cross-correlations computed between GE.APE and the other stations (a) as a function of the inter-station distance, filtered in the period bands 10-20s (b) and 20-40s (c).

Figure 6 . 6 :

 66 Figure 6.6: Group velocity dispersion curves measured for station pair APE-EZN. a) Map of Greece with the location of APE and EZN stations. b-c) -Results of multiple-filter analysis for the causal and acausal parts of the correlation. The dispersion curves are plotted as colored dots. The color represents the SNR at each period. d) Noise correlation waveform filtered between 10 and 20s.

Figure 6 . 7 :

 67 Figure 6.7: Rayleigh-wave group velocity measurements and ray-path coverage at 5, 10, 15, 25, 35, 40s. The color bar represents the group velocity Vg in km/s.

Figure 6 . 8 :

 68 Figure 6.8: Example of adaptative grid at 15s of period. The cells take the value of 0.15°everywhere in Greece because of a high density of paths in this region.

Figure 6

 6 Figure 6.9: L-curve computed for different value of damping at 15s of period. Each yellow circles correspond to a value of damping. The highest circle on the left corresponds to a damping value of 0.05 while the circle on the right corner corresponds to a damping value of 2. The red circle corresponds to a value of damping equals to 0.2.

Figure 6 . 10 :

 610 Figure 6.10: Group velocity maps obtained at 15s for different damping coefficients: 0.05, 0.2 and 2. a) Damping = 0.05. The model is too constrained and indicates sharp velocity values, especially in the Aegean Sea and northern Turkey. b) Damping = 2. Example showing a model too smooth: the fit of the data is weak losing the detailed geology of the medium. c) Damping = 0.2. The chosen model: a trade-off between data fit and regularization. 1-Thessaly plain; 2-Axios-Thermaikos basin; 3-Marmara sea

Figure 6 . 12 :

 612 Figure 6.12: Comparison between the 5s Group velocity map(a) and the surface geology of Greece(b from Vanderhaeghe et al. (2007)). The low velocities are correlated in central Greece and Peloponnese with the sedimentary basin like the Mesohellenic basin or the Axios-Thermaikos basin. The high velocities are associated with the Mesozoic carbonate in light blue color.
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 6 Figure 6.11: Rayleigh-wave group velocity maps at 5, 10, 15, 25, 35, 40s. The color bar represents the group velocity 'Vg' in km/s. At low period we can recognize the sedimentary basin while at higher period the subduction and the crustal roots of the Hellenides are visible.

'

  AC' Albanian Seismological Network since 2002, 'CL' Corinth Gulf laboratory since 2000, 'GE' from Geophon program since 1991, Hellenic Seismological Network 'HA' since 2008, Seismological Network of Crete (HC) since 2006, National Observatory of Athens Seismic Network 'HL' 1975, University of Patras (HP) 2000, Aristotle University of Thessaloniki Seismological Network (HT) 1981, 'KO' from the Kandilli Observatory And Earthquake Research Institute (KOERI) 1971, Mediterranean Very Broadband Seismographic Network (MedNet) 'MN' 1988, Turkish National Seismic Network (TNSN) 1990. And we also used the temporary networks which allowed us to extend the spatial coverage : '6E' Nisyros network Seismic Network from 2007-2011, '6G' (2013-2016) MARsite Project, Integrated Seismological Studies of Crust and Upper Mantle Structure in Western Anatolia (Western Anatolia) 'XH' (2002-2003), 'XS' Multi-disciplinary Experiments for Dynamic Understanding of Subduction under the Aegean Sea (MEDUSA) 2006-2009, 'XW' Seismic Imaging of the Mantle Beneath the Anatolian-Aegan Domain (SIMBAAD-Wtransect) 2007-2008, 'XY' Seismic Imagining of the Mantle Beneath the Anatolian-Aegan Domain (SIMBAAD) 2007-2009, 'YU' GEOFON PROGRAM 1996-2002, AlpArray 'Z3' 2015-2022 and finally the 'ZZ' network from the Geophon program 2002-2005. CHAPTER 6. TOWARDS A TOMOGRAPHY OF THE AEGEAN CRUST USING NOISE CROSS-CORRELATIONS 184
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 6 Figure 6.14: a) The main Neogene-Quaternary sedimentary basins of Greece (modified from Maravelis et al. (2022)). 1) Pindos foreland basin; 2) Mesohellenic basin; 3) Axios-Thermaikos basin; 4) Strymon basin; 5) Thrace basin. b) Slope map of Greece (adapted from Tourloukis (2010)), the sedimentary basins are represented in green on the map and the mountain chains in red. a) Pindus mountains; b) Taygetos mountains; c) Olympic mountains; d) Mountains of Crete.

Figure 6 . 16 :

 616 Figure 6.16: Effect of the damping parameter on the Group Velocity map at 5s of period for damping equals to a) 0.02; b)0.5; c)2.

Figure 6 . 17 :

 617 Figure 6.17: Effect of the damping parameter on the Group Velocity map at 10s of period for damping equals to a) 0.02; b)0.5; c)2.

Figure 6 .

 6 Figure 6.19: Rayleigh-wave group velocity maps at 2 and 3s of period.

Figure 7 . 1 :

 71 Figure 7.1: Drop of velocity due to earthquakes of M> 4.5 (red dot lines) observed on seasonal velocity variations in Greece and in Italy. a) Example taken at NRCA station (Italy) in the 1-2s period band. The δv/v is exhibiting a drop of 0.5% corresponding to the sequence Amatrice/Visso/Norcia earthquakes occurring in 2016. b) Second example in Italy at the station MMN in the 1-2s period band. c) Velocity variations recorded at VLI station in Peloponnese (Greece) in 1-3s period band. The effect of an earthquake of M4.6 is visible on the time series with a drop of δv/v about 0.4%. d) EVGI station is located on Lefkada island in Greece. The drop of 0.8% caused by an earthquake of M6 is recorded by the station in the 1-2s period band.

Figure 7 . 2 :

 72 Figure 7.2: Correction of seasonal δv/v computed at VLI station by synthetic δv/v obtained from precipitation measurement. a) Map of Greece with a blue square representing the location of the study area. b) Zoom of the region where VLI seismological station is located (red triangle). The precipitation data has been recorded at Monemvasia station (9.2km away) (black square). c) Observed δv/v in the 1-3s period band (black solid line) compared with the δv/v predicted from precipitation records using a linear reservoir model (blue solid line). d) Daily precipitation (gray bar) and cumulative precipitation obtained with a 2-month sliding window. e) Residual δv/v obtained after correcting the observed δv/v (black line) from the synthetic δv/v (blue line). In both panels c and e, the vertical dashed red line represents the date of an earthquake of M4.6 which occurred the 17/02/2019.

Figure A. 2 :

 2 Figure A.2: A-Map of Keritis basin. B-Geological Map of Keritis basin (Q2, Q1: Quaternary Deposits, N2, N1: Neogene Sediments, K2: Tripolis Carbonates, P-T3: Phyllites-Quartzites, T3-J1: Trypalion Carbonates The seismological station IMMV station is located on the Trypalion Carbonates on the eastern part of the basin. (from Kanta et al. (2009)).

Figure

  Figure A.5: A-Geological map of the study area from Ghikas et al. (1983). B-Hydrogeological map with the presence of different aquifers in the zone (from Lappas et al. (2011))

Figure A. 6 :

 6 Figure A.6: A-Geomorphological map of the Mornos delta located on the north part of the Corinth Gulf. The red line has been added and represents the resistivity-depth section shown in B. (from Parcharidis et al. (2011)-modified). B-Resistivity-depth section showing the flysch basement relief: it reached a thickness of 50m on the northeast part of the delta until 350m in the southwest part.

Figure A. 7 :

 7 Figure A.7: Left: cross-section performed at the middle of Kastoria Basin with the location of the pumping in the granular aquifer. Right: Elevation map of the basin with the locations of the wells and aquifer (from Voulanas et al. (2021)).
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  table. Most of the time, the data collected are too sparse to provide a credible profile of the water table surface. Thus, to compensate, several techniques have been developed over time to establish an accurate groundwater surface profile. Based on the geostatistical or hydrological balance equation, many GIS software programs interpolate the water level over the entire watershed basin (examples: USGS Modular Groundwater Flow Model (MODFLOW), Finite Element Subsurface Flow System (FEFLOW), Groundwater and Surface-water FLOW (GSFLOW)

  Adriatic and Aegean seas that influence the reconstructionWe use all broadband stations with publicly available data in Europe in 2021 located between -5 and 31 degrees of longitude and 34 and 53 degrees of latitude. To complete the station coverage in the Pyrenees, we included the temporary networks Pyrope (X7, 2011-2013) and IberArray (IB
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	of coda waves. Finally, this allows us to show that the temporal resolution and the
	accuracy with which it is possible to measure velocity changes at short periods show
	lateral variations across Europe, with a strong contrast between southern and northern
	Europe, depending on whether the influence of the Adriatic/Aegean Sea or the Atlantic
	Ocean dominates.	
	2.2 Average noise wavefield in Europe	
	2.2.1 Data used	

  The results obtained are shown in the table below (Meta. and Frac. corresponding to Metamorphic rocks and fractured rocks respectively). A negative correlation coefficient indicates that the observed δv/v is anti-correlated with the precipitation. A positive correlation, indicates that the two parameters are correlated. The characteristic time represents the rate at which water flows out of the aquifer.
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	Station	Correlation	Correlation	Correlation	Characteristic	Karstic or Allu-
	name	coefficient	coefficient	coefficient	time	τ	vial
		1-3s	1-2s	2-3s	(days) for	
					the 3 bands	
					respectively	
	MALA	0.670	0.249	0.723	33/20/60		A
	MG00	0.58407	0.536	0.426	36/37.5/75	A
	MG03	0.607229	0.4317	0.381	36/27.7/100 A
	MG04	0.575132	0.525	0.420	45/37.5/100 A
	MG05	0.515398	0.602	0.216	36/75/75		A
	MG06	0.591255	0.45	0.188	36/37.5/180 A
	KARP	-0.558	-0.501	-0.375	60/100/300 K
	ZKR	-0.681335	-0.351	-0.281	60/42.8/25	K
	KALE	-0.531638	-0.237	-0.3341	90/300/75		K
	MAKR	0.591066	0.248	0.153	50/50/21		A
	VILL	-0.622749	-0.48	-0.711	90/300/75		K
	ARG	0.524844	0.260	0.623	42/12.5/42	A
	IMMV	-0.623372	-0.727	-0.133	150/150/150 K
	ITM	0.552498	0.474	0.459	42/50/60		A
	KEK	-0.586913	-0.151	-0.450	75/150/300 K
	SMG	0.562288	0.5	0.514	37.5/40/75	A
	VLI	0.564274	0.219	0.616	75/8/75		Meta.
	CHOS	-0.602806	-0.18	-0.435	60/21.4/60	K
	SIGR	-0.597405	-0.198	-0.350	60/inf/20		Frac.
	THAS	-0.322407	-0.15	-0.1	60/75/30		Meta

  Thus, for the causal and acausal parts of each pair of stations, we check the validity of these quality criteria for path selection. If both sides match then the group velocity of the Rayleigh waves is averaged. Table 6.1: Percentage of cross-correlations kept after the 3 steps selection and average group velocity of Raleigh waves at each period.

	Periods(s)	2	3	5	10	15	25	35	40
	% of CC selected after selection	3.82	5.2 11.14 19.02 14.8 14.8 5.27 4.69
	Average Vg(km/s)	2.425 2.62 2.71	2.74 2.74 3.02 3.36 3.46

  Table with the different simulation parameters as a function of the damping Table 6.2: Parameters obtained for the Group velocity map at different periods depending on the damping value. CHAPTER 6. TOWARDS A TOMOGRAPHY OF THE AEGEAN CRUST USING NOISE CROSS-CORRELATIONS 188

	Periods damping = 0.05	damping	damping	damping	damping	damping
			= 0.1	= 0.2	= 0.5	= 1	= 2
	2s	variance = 53%,	v=49%,	/	/	v=24%,	/
		misfit = 53.98,	m=57.92,			m=88,	
		solution= 64.05,	s=39.5,			s=4.9,	
		roughness = 1.8	r=4.04			r=6.1	
	3s	v=50%, m=45.3,	v=47%,	/	/	v=23%,	/
		s=53.98, r=1.89	m=48.86,			m=71.06,	
			s=31.07,			s=3.64,	
			r=3.37			r=4.17	
	5s	v=47%, m=21.7, v=57%	/
						m=11.57,	
						s=10.01,	
						r=1.68	
	40s	v=80% m=2.72,	v=78%	/	v=64%	v=53%	/
		s=25.93, r=0.5	m=2.815,		m=3.18,	m=5.87,	
			s=13.86,		s=10.1,	s=5,	
			r=0.62		r=0.69	r=0.74	
	60s	/	v=47%	v=31%	/	v=17%	/
			m=0.55,	m=0.72,		m=0.87,	
			s=2,	s=0.86,		s=0.38,	
			r=0.085	r=0.065		r=0.06	

Ainsi, nous étudions les propriétés de la croûte des deux pays les plus sismiques d'Europe: la Grèce et l' Italie. En utilisant des auto-corrélations de bruit ambiant, nous mesurons les variations de vitesse des ondes sismiques de ces deux pays sur une période de 10 ans(2010- 2022). Les résultats obtenus à courtes périodes (0.5-3s) indiquent que les changements de vitesse sont saisonniers et sont contrôlés par les processus connectés avec la charge et discharge des aquifers. Nous proposons une méthode simple pour quantifier la saisonnalité des mesures de δv/v de chaque région et qui corréle avec la présence d'aquifères.De plus, nous appliquons un modèle qui permet d'estimer le niveau d'eau à l'intérieur d'un aquifère à partir des données de précipitations. Les résultats indiquent que les variations de vitesse sont, dans certains cas, sensibles à un effet poro-élastique au sein de l'aquifère, et dans d'autres, proportionnelles à un effet élastique des roches sous-jacente dû au poids de l'aquifère. Nous montrons également que les cas où les variations de vitesse n'ont aucune corrélation avec les précipitations sont une conséquence du pompage agricole.Basé sur ces résultats, nous développons cette approche en Italie. Nous confirmons la corrélation des δv/v s saisonniers avec la présence d'aquifère en profondeur. De plus, nous utilisons des enregistrements continus sur plusieurs années pour analyser les variations de long terme des δv/v s . Dans certaines régions, nous observons une augmentation continue de la vitesse, qui pourrait indiquer une déplétion progressive des aquifères, en particulier en Campanie ou en Sicile. Une exception notable à cette tendance est l'Apennin central, au niveau du glacier de Calderone, où les variations de vitesse indiquent une augmentation des niveaux d'eau dans les aquifères.De surcroît, la corrélation observée avec les mesures de déformation de surface obtenues par GPS et les mesures de têtes hydrauliques, nous permet de quantifier la sensibilité des variations de vitesse en terme de niveau d'eau.Finalement, nous tentons de préciser la dépendance des changements saisonniers observé à la surface en fonction de la profondeur. Les dv/v s calculés dans différentes bandes de périodes, et à différent lapse times pourraient suggérer une sensibilité accrue des ondes de coda à des perturbations profondes telles que la présence de fluide. En Italie, ces fluides pourraient être des volumes de CO2 se situant à des profondeurs comprises entre 5 et 10km; tandis qu'en Grèce ces fluides consistent principalement à des flux géothermaux.Ce large ensemble d'observations montre une relation complexe entre les variations de vitesse observées en surface et la localisation la plus probable de ces perturbations en
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Supplementary information S1-Seasonality on precipitation data in Italy

To assess whether precipitation may be driving the seasonality of velocity variations, we first determine in which regions precipitation varies by season. To do this, the satellite data from the NASA langley research center are downloaded: a grid of 0.5 degrees per 0.5 degrees dataset is created corresponding to 400 stations at the scale of Italy. Unfortunately, the local Italian meteorological stations are difficult to obtain and will be replaced in this study by a regional average. We first quantify the annual average precipitations in Italy computing for each Satellite grid point an annual average over 6 years of data (from 2016 to 2021). The map of average annual rainfall is presented in Figure 4.16a. The maximum rainfall follows the Apennines reaching 900mm/y on average. The maximum precipitation is reached in the North of the country in the Alps with more than 1300 mm/y. This result is coherent with the one obtained by [START_REF] Crespi | 1961-1990 high-resolution monthly precipitation climatologies for italy[END_REF]. 

Supporting informations : Geology and aquifers in Greece

Abstract

This appendix is devoted to an in-depth study of the geology and hydrology of some sites in Greece. The objective of this study is to enlighten the reader on the different geological aspects involved in order to understand the expected effects on velocity variations. Thus, for all the sites studied, we are interested in the nature of the aquifers involved, but also in the variations of the water levels within these aquifers (when the information was available), and finally if an anthropic aspect is present through industrial pumping.

A.1 Crete

The island of Crete, which occupies the southern part, is the largest island in Greece with an area of 8336 km 2 , a maximum length of 269 km, and a maximum width of 60 km. Four main mountains stretch from west to east: the White Mountains in the west (2453 m), Mount Idis (2456 m) in the center, Asterousian (1280 m) south of Heraklion, and Dikti (2148 m) in the east [START_REF] Malagò | Regional scale hydrologic modeling of a karst-dominant geomorphology: The case study of the island of crete[END_REF]. Crete has about 2550 km 2 of agricultural land, which is about 30% of its total area, and 3800 km 2 of pastureland corresponding to 45% of the total area (Fig. A.1). Intensive exploitation of groundwater, especially by agricultural activity over the last 50 years, has led to a continuous decline in groundwater levels, while several coastal aquifers suffer from seawater intrusion [START_REF] Daskalaki | Groundwater quality of porous aquifers in greece: a synoptic review[END_REF].

In addition, the water quality of some aquifers has deteriorated due to pollution from agricultural, industrial, and tourist activities (high concentrations of nitrates N O - 3 and sulfates SO 2- 4 ). The geology of Crete is composed of carbonate rocks (limestone, marble, and dolomite) that allow water to penetrate, creating important karst formations [START_REF] Tzoraki | Spatial water use efficiency index towards resource sustainability: Application in the island of crete, greece[END_REF]. More than 30% of the carbonate rocks cover the total surface of the island and cover about 2730 km 2 [START_REF] Chartzoulakis | Water resources management in the island of crete, greece, with emphasis on the agricultural use[END_REF][START_REF] Tzanakakis | Challenges and opportunities for sustainable management of water resources in the island of crete, greece[END_REF].

The shallow aquifers are hosted by grabens filled with Neogene-Quaternary sediments, while the deeper karst aquifers flow through the carbonates of the pre-Neogene aquifers.
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Groundwater and spring water move through fault systems, which impede or facilitate flow depending on structural positions. About 80% of the island's groundwater resources are associated with deep karst aquifers, while the remainder is attributed to Neogene-Quaternary aquifers [START_REF] Tzoraki | Spatial water use efficiency index towards resource sustainability: Application in the island of crete, greece[END_REF][START_REF] Tzanakakis | Challenges and opportunities for sustainable management of water resources in the island of crete, greece[END_REF].

In this section, we will study the geology of two aquifers: one karstic aquifer located in the Keritis basin in the west; and the second in the east, the Zakros aquifer. 

A.1.1 Keritis Basin

The study area is represented by the Keritis River basin which is located in the northwestern part of the prefecture of Chania, on the island of Crete, Greece. The area is an agricultural district with many villages surrounding the basin. The Keritis basin, with an area of about 136 km 2 . Precipitation is mainly concentrated in the winter months, while the dry period lasts for more than 6 months (from May to October). The pumping for agricultural purposes takes place during this dry season [START_REF] Parisi | Assessment and mapping of the BIBLIOGRAPHY 233 intrinsic vulnerability to pollution: an example from keritis river basin (northwestern crete, greece)[END_REF][START_REF] Kanta | The application of time domain electromagnetic method to characterize the keritis basin, in western crete, greece[END_REF][START_REF] Kanta | Aquifer characterization using shallow geophysics in the keritis basin of western crete, greece[END_REF] mainly in the center of the basin where the sediment takes place. Due to the general setting and the geological and hydrogeological characteristics, the carbonate and karst aquifer of the Keritis River Basin is one of the most important aquifers on the island of Crete (Fig.
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The aquifer body consists of a series of limestones and dolomites that overlies the impermeable formation of phyllites over a thickness of up to 600m [START_REF] Kavouri | Spatially distributed recharge in karst groundwater modelling[END_REF][START_REF] Kavouri | Evaluation of temporal storage zones in karstic aquifers using hydrogeochemical analysis[END_REF]. Pumping for irrigation purposes is the main stress of the area and takes place during the dry period, i.e April to November [START_REF] Kavouri | Spatially distributed recharge in karst groundwater modelling[END_REF]. A.2 South-East Peloponnesus

A.2.1 Nomia aquifer

The Molai area lies at the junction of two major structural faults, the Molai fault and the Sikea fault. These faults separate three main structural units: 1-the Tripolitza carbonate area (thickness of this carbonate is over 1200m) [START_REF] Lappas | The hydrodynamic behaviour of the coastal karst aquifer system of zarakas-parnon (southeastern peloponissos)[END_REF], north of the Sikea fault and northeast of the Elea-Molai fault. This unit consists almost entirely of northeast-dipping Tripolitza carbonates. This whole area is presumably underlain by phyllites and marbles and presents distinctive karst geomorphological features like dolines and uvalas [START_REF] Ghikas | Flow pattern of a karst aquifer in the molai area, greece[END_REF][START_REF] Lappas | The hydrodynamic behaviour of the coastal karst aquifer system of zarakas-parnon (southeastern peloponissos)[END_REF]. 2-The Kourkoula Mountain west of the Molai fault, consisting mainly of marbles and phyllites 3-The area south of the Sikea fault and east of the Molai fault consists mainly of semi metamorphic rocks with caps of lower Tripolitza carbonates. The Molai plain which lies in this area is a graben limited by the Molai fault and a fault system between Sikea and Plytra. It is filled by Neogene sediments and has a groundwater system that is independent of the limestone aquifer.

Locally, at the level of the seismological station, a series of metamorphic rocks is present with numerous local aquifers [START_REF] Lappas | The hydrodynamic behaviour of the coastal karst aquifer system of zarakas-parnon (southeastern peloponissos)[END_REF]. GREECE 204 dence [START_REF] Kontogianni | Ground subsidence, quaternary faults and vulnerability of utilities and transportation networks in thessaly, greece[END_REF][START_REF] Ilia | Assessing ground subsidence phenomena with persistent scatterer interferometry data in western thessaly, greece[END_REF]. Therefore, the exploitation of resources at depth controls the extent of subsidence: the predominant agricultural activity in Thessaly relies mainly on cotton irrigation which is very water intensive. The exploitation of aquifers decreases the volume of groundwater, which leads to subsidence of the surface. This subsidence is detected by GPS data [START_REF] Argyrakis | Anthropogenically induced subsidence in thessaly, central greece: new evidence from gnss data[END_REF]; [START_REF] Bettinelli | Seasonal variations of seismicity and geodetic strain in the himalaya induced by surface hydrology[END_REF]; [START_REF] Overacker | Vertical land motion of the high plains aquifer region of the united states: Effect of aquifer confinement style, climate variability, and anthropogenic activity[END_REF].

The GNSS analysis carried out by [START_REF] Argyrakis | Anthropogenically induced subsidence in thessaly, central greece: new evidence from gnss data[END_REF] in Thessaly shows that the time series of the GPS located on the aquifer show seasonal variations (about 2cm for LARM and at STEF station the vertical component shows a continuous decrease in position reaching 55 cm during 5 years (2012-2017)) presence of subsidence mainly located in the vicinity of STEF station in the south-eastern zone of Thessaly.

Surface subsidence at STEF is correlated with the drop in the water table but not with the rainfall regime, i.e. it is anthropogenically induced due to overexploitation of the water table in a case of a confined aquifer.

Appendix B

Supporting informations : Confirmation of the methodology by investigating the Pollino National Park (South Italy)

The Mormanno area has already been studied by [START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF]. In this section, we would like to compare our results with those previously obtained in order to confirm our methodology. The table B.1 is a resume of the difference of processing between the two study. [START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF] Our study

Type of measurement Cross-correlations

Auto-correlation Average of the correlation 1 month 2 months Method used to computed the dv/v Doublet method Stretching method Window coda used 10-50s 15-55s

Table B.1: Difference of processing between our study and the one directed by [START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF].

The city of Mormanno is located on the Lungro-Verbicaro unit (Fig. B.2-Left) which consists, in its lower part, of phyllites and meta-arenites of the Middle Triassic with carbonate intercalations (alternating permeable and impermeable rocks). These deposits are followed by metalliferous and dolomitic deposits and hundreds of meters of carbonate succession (high permeability). The Jurassic is mainly represented by a succession of metallo-metallics of varying thicknesses. Basic rocks, pillow lavas and HP-LT signature dykes [START_REF] Pierattini | Eta'di messa in posto ed eta'di metamorfismo delle limburgiti" nord calabresi[END_REF]) locally cut the Triassic-Jurassic deposits and are overlain by siliceous slates and radiolarites (silica has a low permeability but radiolarites are highly permeable). Coarse carbonate conglomerates of Maastrichtian -Middle Eocene age and a reddish metapelite with frequent beds of calcareous turbidites of Middle Eocene -Early Miocene age [START_REF] Selli | Sulla trasgressione del Miocene nell'Italia meridionale. Museo Geologico[END_REF]) unconformably overlie the Jurassic deposits ( Our study area can be summarized according to 3 major geological structures: i) the first 500 meters are composed of an alternation of very permeable rocks (radiolarites) and METHODOLOGY BY INVESTIGATING THE POLLINO NATIONAL PARK (SOUTH ITALY) 208 low permeable rocks (silicas) dating from the Jurassic with conglomerates that cover this layer; ii) below this structure, there is a 1.5 km thickness of very permeable dolomitic rocks iii) finally, at depth, a unit dating from the Triassic is composed of a succession of high and low-permeable rocks (metalimestones, dolomites, etc. 2021) are quite similar. The two-time series retrieve the seismic-based series, not only for its seasonal patterns but also for the overall multi-year trend despite the difference in the processing. The seismic swarm of 2013 is also marked in the two-time series by a drop of velocity.

In the case of [START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF] -even if the δv/v have been computed using the 6 crosscomponents and the doublet method-the δv/v is anti-correlated with the precipitations data. Indeed, the covariance between the seismic measurements and the water level model is negative, which means that they are the opposite: an increase in the amount of water in the aquifer results in a decrease in the seismic velocity in the medium. This happens because the presence of water increases the pore pressure, which in turn reduces the overall effective pressure in the zone, and therefore reduces the seismic velocity [START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF]). The synthetic δv/v retrieves quite well the observed one and the correlation between the 2 curves reaches 0.88.

In our study, the correlation coefficient between the synthetic δv/v and the observed one reached the value of 0.68. In our case, also the covariance is negative indicating that the precipitations data and the δv/v are anti-correlated. Suggesting that the water content in the aquifer is effectively the main driving factor behind the recorded velocity variations METHODOLOGY BY INVESTIGATING THE POLLINO NATIONAL PARK (SOUTH ITALY) 209 2021) with a moving average of 1 month. The δv/v is in this case have been computed averaging the 6 cross-components. The synthetic δv/v have been computed with our codes and we retrieve the same result as the author.

Finally, using only auto-correlations, we can observe seasonal variations on the velocity variations but also find the seismic-based series as well as the seismic swarms. Despite the fact that the dv/v measurements made in auto-correlation give noisier results (correlation coefficient between dv/v and dv/v syn of 0.68 against 0.88 in the case of the [START_REF] Barajas | Separation of poroelastic and elastic processes of an aquifer from tectonic phenomena using geodetic, seismic, and meteorological data in the pollino region, italy[END_REF]), we find with great similarity the same behaviors on the dv/v s . In addition to that, we can count as an advantage the computation time and the data space that is less compared to the one of the multi-component cross-correlations.