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The GWSBound Project invites applications for a postdoc position in numerical modelling at Geoscience 
laboratory of Mines Paris (PSL University) in France. 

Overview of the project.  

Groundwater (GW)'s strategic importance for water, energy, and food security is growing in the face of 
ongoing climatic changes and human uses. Precisely quantifying water resources is a critical concern, 
essential for ensuring sustainable yields and maintaining water quality. Components of the water balance 
are difficult to obtain, both in terms of accuracy and budget closure, especially at the subsurface boundaries 
of the GW. The GW subsurface boundaries such as the GW recharge and river- GW exchanges cannot be 
directly measured. Consequently, it is necessary to model these fluxes, as they are dependent on the 
boundary conditions and spatial description of the hydrodynamic parameters, which are largely unknown 
and estimated via model calibration.  

 The GWSBound ANR project is to provide monitoring and predictive tools of the spatiotemporal variability 
of the GW subsurface boundaries under the global change by the uses of innovative hydrogeophysic 
methodologies, such as seismic  (Bodet et al., 2014; Dangeard et al., 2021; Pasquet et al., 2016; Solazzi et al., 
2021) and temperature-based approaches  (Cucchi et al., 2018; Kurylyk et al., 2019; Mouhri et al., 2013; 
Rivière, 2019; Tabbagh et al., 1999). In this goal, we will develop and use High-Performance numerical model 
and tools to process geophysical and hydrogeological data.  

Team.  

The GWSBound team involves partners from Mines Paris with the scientific coordinator, A. Rivière, whose 
expertise includes hydrodynamic modelling: theory, physical processes within the critical zone, design and 
parameterisation of numerical models, field surveys and databases; A. Gesret, specialist in geophysical 
inversion: probabilistic approaches, estimation and propagation of uncertainties; N. Desassis and D. Renard, 
specialists in geostatistics and spatial statistics: mostly with the SPDE approach and development of 
computing libraries. It benefits the expertise of geophysicists from Sorbonne Université: L. Bodet, expert in 
field seismic experiments, combined interpretation of geophysical and geotechnical data, information 
processing, wave propagation and mechanical properties of media; and assistance from the OSU ECCE TERRA 
with S. Pasquet, critical zone geophysicist, specialist in geophysical methods, field measurements, combined 
interpretation of geophysical and hydrogeological data. As for numerical modelling, the project is be 
supported by specialists from GET: R. Martin and B. Plazolles, seismic wave propagation and multiple data 
(seismic, gravity, electrical methods) imaging, inverse problems, data processing (deep learning), numerical 
modelling and high-performance computing. 



Activities.  

The postdoctoral researcher will have the following responsibilities: 

1. Develop, test, and validate the combined forward models.  The initial phase involves enhancing the 

Ginette code through the creation of patch-based data structures and the implementation of parallel 

algorithms, with the overarching goal of minimizing communication costs. Following these 

improvements, Ginette will be effectively coupled with the poroelastic and wave propagation codes 

(SPECFEM2D/3D, 2D/3D code SEISMIC_CPML) developed by the GET team in a manner that ensures 

numerical efficiency.  

2. Create synthetic cases for sensitivity analysis of different heterogeneity configurations and 

hydrogeological regimes on hydrothermal and seismic wave responses. The geostatistical approach 

(gstlearn) and a priori information known on the Orgeval CZO will be used to build the synthetic 

cases. 

3. Conduct sensitivity analysis using probabilistic and deep learning tools to reduce the number of 
parameters and estimate uncertainties.  

4. Develop the workflow for combined hydrogeological and geophysical inversion. 

The forthcoming year will witness the implementation of this technique at the outlet of the Orgeval Critical 
Zone Observatory, overseen by a doctoral candidate. 

Skills and Qualifications: 
We eagerly welcome candidates who share our interest in studying the evolution of water resources within 
the context of climate change. If you have a passion for numerical programming and wish to apply these skills 
in the field of water resources, we invite you to apply and join our research team. To excel in this role, 
candidates should possess the following qualifications: 

● Strong programming skills:  Fortran2018, Python, Julia; Rust or C++. Proficient in high-performance 
and parallel computing.  

● Physical and Mathematical Background: Having a physical or mathematical background is 
advantageous. 

● Teamwork and Communication: Effective teamwork and communication skills are essential for 
collaboration within our research team. Proficiency in written and verbal English is required, as it will 
be the primary language for communication and documentation. 

Application contents.  
● Cover letter describing the applicant’s research experiences and interests.  

● Curriculum vitae including a summary of education and research experience, publication list, 

involvement in research grants, etc.  

● Names, addresses, emails, and phone numbers for three academic referees  

References. 
Belhadj, J., Romary, T., Gesret, A., Noble, M., Figliuzzi, B., 2018. New parameterizations for Bayesian seismic tomography. Inverse Probl. 34, 065007. 

https://doi.org/10.1088/1361-6420/aabce7 

Beucher, H., Renard, D., 2016. Truncated Gaussian and derived methods. Comptes Rendus Geosci. 348, 510–519. 
https://doi.org/10.1016/j.crte.2015.10.004 

Bodet, L., Dhemaied, A., Martin, R., Mourgues, R., Rejiba, F., Tournat, V., 2014. Small-scale Physical Modeling of Seismic-wave Propagation Using 
Unconsolidated Granular Media. Geophysics 79, T323–T339. 

Bottero, A., Gesret, A., Romary, T., Noble, M., Maisons, C., 2016. Stochastic seismic tomography by interacting Markov chains. Geophys. J. Int. 207, 
374–392. https://doi.org/10.1093/gji/ggw272 



Clarotto, L., Allard, D., Romary, T., Desassis, N., 2022. The SPDE approach for spatio-temporal datasets with advection and diffusion. 
https://doi.org/10.48550/ARXIV.2208.14015 

Cucchi, K., Flipo, N., Rivière, A., Rubin, Y., 2021. Estimating Hydrothermal Properties and High-Frequency Fluxes From Geophysical Measurements in 
the Hyporheic Zone. Front. Water 3. https://doi.org/10.3389/frwa.2021.700274 

Cucchi, K., Rivière, A., Baudin, A., Berrhouma, A., Durand, V., Rejiba, F., Rubin, Y., Flipo, N., 2018. LOMOS-mini: a coupled system quantifying transient 
water and heat exchanges in streambeds. J. Hydrol. 561, 1037–1047. https://doi.org/10.1016/j.jhydrol.2017.10.074 

Dangeard, M., Rivière, A., Bodet, L., Schneider, S., Guérin, R., Jougnot, D., Maineult, A., 2021. River Corridor Model Constrained by Time-Lapse Seismic 
Acquisition. Water Resour. Res. 57, e2020WR028911. https://doi.org/10.1029/2020WR028911 

Gesret, A., Desassis, N., Noble, M., Romary, T., Maisons, C., 2015. Propagation of the velocity model uncertainties to the seismic event location. 
Geophys. J. Int. 200, 52–66. https://doi.org/10.1093/gji/ggu374 

Huynh, T.N.N., Martin, R., Oberlin, T., Plazolles, B., 2023. . Near-surface seismic arrival time picking with transfer and semi-supervised learning. Surveys 
in Geophysic. 

Komatitsch, D., Martin, R., 2007. An unsplit convolutional Perfectly Matched Layer improved at grazing incidence for the seismic wave equation. 
Geophysics 72, SM155–SM167. https://doi.org/10.1190/1.2757586 

Martin, R., Komatitsch, D., Ezziani, A., 2008. An unsplit convolutional perfectly matched layer improved at grazing incidence for seismic wave equation 
in poroelastic media. Geophysics 73, T51–T61. https://doi.org/10.1190/1.2939484 

Noble, M., Gesret, A., Belayouni, N., 2014. Accurate 3-D finite difference computation of traveltimes in strongly heterogeneous media. Geophys. J. 
Int. 199, 1572–1585. https://doi.org/10.1093/gji/ggu358 

Pasquet, S., Bodet, L., Bergamo, P., Guérin, R., Martin, R., Mourgues, R., Tournat, V., 2016. Small-scale seismic monitoring of varying water levels in 
granular media. Vadose Zone J. 15, 1–14. https://doi.org/10.2136/vzj2015.11.0142 

Pereira, M., Desassis, N., Allard, D., 2022. Geostatistics for large datasets on Riemannian manifolds: a matrix-free approach. 
https://doi.org/10.48550/ARXIV.2208.12501 

Peter, D., Komatitsch, D., Luo, Y., Martin, R., Le Goff, N., Casarotti, E., Le Loher, P., Magnoni, F., Liu, Q., Blitz, C., Nissen-Meyer, T., Basini, P., Tromp, J., 
2011. Forward and adjoint simulations of seismic wave propagation on fully unstructured hexahedral meshes: SPECFEM3D Version 2.0 ‘Sesame.’ 
Geophys. J. Int. 186, 721–739. https://doi.org/10.1111/j.1365-246X.2011.05044.x 

Renard, D., Beucher, H., Doligez, B., 2008. Heterotopic bi-categorical variables in Plurigaussian truncated simulation. VIII Int. Geostat. Congr. 
GEOSTATS 2008. 

Rivière, A., 2019. Fonctionnement hydrogéophysique des interfaces nappe-rivière et conséquences sur la ressource en eau (Piren Seine fin de phase 
7 No. Volume 4). 

Rivière, A., Gonçalvès, J., Jost, A., Font, M., 2014. Experimental and numerical assessment of transient stream-aquifer exchange during disconnection. 
J. Hydrol. 517, 574–583. 

Rivière, A., Jost, A., Gonçalvès, J., Font, M., 2019. Pore water pressure evolution below a freezing front under saturated conditions: Large-scale 
laboratory experiment and numerical investigation. Cold Reg. Sci. Technol. https://doi.org/10.1016/j.coldregions.2018.11.005 

Solazzi, S.G., Bodet, L., Holliger, K., Jougnot, D., 2021. Surface‐Wave Dispersion in Partially Saturated Soils: The Role of Capillary Forces. J. Geophys. 
Res. Solid Earth 126. https://doi.org/10.1029/2021JB022074 

Tabbagh, A., Bendjoudi, H., Benderitter, Y., 1999. Determination of recharge in unsaturated soils using temperature monitoring. Water Resour. Res. 
35, 2439–2446. https://doi.org/10.1029/1999WR900134 

Texier, J., Gonçalvès, J., Rivière, A., 2022. Numerical Assessment of Groundwater Flowpaths below a Streambed in Alluvial Plains Impacted by a 
Pumping Field. Water 14, 1100. https://doi.org/10.3390/w14071100 

 


