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Talks abstracts - Monday 15 October 2018

Andreas Fichtner [ETHZ] (Keynote)

Computational Seismology: Imaging the Earth’s internal structure

from local to global scales

We present recent developments in seismic waveform tomography that aims to

provide high-resolution images of the Earth’s interior. These are intended to

improve our understanding of deep structure and dynamics, locate and char-

acterise potentially hazardous earthquakes, and to monitor active subsurface

systems such as reservoirs, fault zones and volcanoes. The emphasis will be

on massively parallel simulators of seismic wave propagation through complex

Earth models, and on inverse methods that exploit as much information as pos-

sible while also providing useful and interpretable proxies of model uncertainty.

Antoine Guisan [Unil]

BioGeoComputing: predicting species distribution in an era of global

changes

Ongoing global environmental changes are affecting biogeographic patterns at

all scales. One way to anticipate these changes is to build biogeographic models

that allow predicting the geographic distribution of species, communities and po-

tentially ecosystems. This is the domain of specialization of our ECOSPAT lab

at UNIL (www.unil.ch/ecospat). I will present the type of models we develop,

examples of their application to global change issues, and our geocomputing

needs in this regard.

Olivier Broennimann [Unil]

CHCLIM25: generating high spatial and temporal resolution climate

maps for Switzerland

With the development of species distribution modeling techniques and increas-

ingly available species records at fine GPS scale, climate information at higher

spatial and temporal resolution is needed. I will present how to generate climate

maps at 25 m resolution from daily Meteoswiss gridded data at 1 km using ge-

ographically weighted regression (GWR) taking elevation as a covariate. I will

highlight the computational challenges associated with this exercise and further
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illustrate how to reconstruct biologically-relevant climatic predictors from this

dataset.

György Hetényi [Unil]

Crustal-scale geophysics and geocomputing applications

I will start with presenting seismological computations in our group that take

¿hours or ¿days, and how it can be developed towards more efficient computing.

Then I follow with an interest in performing 4D high-resolution deformation

modelling of the Tibetan Plateau, and how it can be done. I will end with the

smaller-scale Columnar Jointing problem, a process that produces simple forms

but has complex physics.

Klaus Holliger [Unil]

Forward and inverse modeling for seismic fracture characterization

The characterization of fractures is crucial for a number of pertinent applica-

tions, such as hydrocarbon exploration, geothermal energy production, carbon

dioxide sequestration, and nuclear waste storage. When encountering fractures

in full-space, seismic waves are attenuated by fluid pressure diffusion, while In

the presence of a borehole, the interaction of seismic waves with fractures re-

sults in the generation of so-called tube waves. We have developed forward and

inverse modeling algorithms to study wave-induced fluid pressure diffusion as

well as the generation and propagation of tube waves with the objective of char-

acterizing the underlying fractures in terms of their mechanical and hydraulic

properties.

James Irving [Unil]

Near-surface applied geophysical applications of geocomputing

This talk will present a broad overview of some of the near-surface applied

geophysical applications of geocomputing occurring within my research group.

These include (i) numerical modeling of electrical geophysical methods in frac-

tured rock; (ii) use of 3D ground-penetrating radar surveys to understand the

internal dynamics of glaciers; and (iii) stochastic geophysical parameter estima-

tion and dealing with the effects of modeling error.
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Talks abstracts - Tuesday 16 October

David Ginsbourger [IDIAP/Unibe] (Keynote)

Quantifying and reducing uncertainties on target parameter regions

with Gaussian Process models

Gaussian Process models have been used in a number of problems where a com-

plex system represented by an objective function f needs to be studied based

on a drastically limited number of evaluations. Global optimization algorithms

based on Gaussian Process models have been investigated for several decades,

and have become quite popular notably in design of computer experiments.

Also, further classes of problems involving the estimation of target regions im-

plicitly defined by f, e.g. sets of excursion above a given threshold, have in-

spired multiple research developments. In this talk, we will give an overview of

recent results and challenges pertaining to the estimation of target parameter

regions under Gaussian Process priors, with a particular interest for the quan-

tification and the sequential reduction of associated uncertainties. Based on a

series of joint works primarily with Dario Azzimonti, François Bachoc, Julien

Bect, Mickaël Binois, Clément Chevalier, Déborah Idier, Ilya Molchanov, Victor

Picheny, Yann Richet, Jérémy Rohmer and Emmanuel Vazquez.

Yuri Podladchikov [Unil]

Rheological controls on fluid escape structures

Porous fluids and melts escape from rock matrix via transient high perme-

ability pathways. Rheology of the matrix and phase transformations are the

most important factors controlling creation and closure of dynamic porosity

responsible for the high permeability. Several computational case studies of

hydro-mechanical-chemical (HMC) coupling will be presented.

Lorenzo Candioti, Richard Spitz [Unil] (Group Schmalholz)

2D and 3D numerical modelling of crustal- and lithospheric-scale rock

deformation during the Alpine orogenic cycle

We perform numerical simulations of the thermo-mechanical deformation of

the crust and lithosphere in order to understand the generation of subduction

zones, orogenic wedges and tectonic nappes which are key features of the Alpine
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orogeny. 2D high-resolution numerical simulations are performed to study the

multi-scale processes occurring simultaneously on the crustal (several km) and

lithospheric (several 100 km) scale during continental subduction and collision.

3D numerical simulations are performed on the crustal scale to quantify the 3D

finite strain field resulting from the deformation of a mechanically heterogeneous

upper crust.

Céline Rozenblat [Unil]

A multi-level networks’ perspective on complex urban systems

In the context of knowledge and information societies, new tendencies in the

long/medium term evolution of urban systems, together with new data and

methods, require that existing theoretical assumptions and conceptualizations

would be challenged as global urban hierarchies are reconfigured. The connec-

tion between urban systems at different levels of organization becomes more and

more relevant for understanding urban systems and their transformations. But

the inter-urban perspective is not sufficient to encompass these dynamics. Other

cognitive, social, institutional proximities in the innovation processes combine

with spatial proximities. It leads to consider cities in several dimensions of

proximities in a multilayer perspective. The evolution of power distributions

inside and between cities reshapes the world organization of central/peripheral

cities and the complexity of the global urban system. Actors as multinational

firms, or high level innovation centers, participate actively to these reconfigu-

rations that imply the concentration of wealth, of control, of innovation and of

attractiveness in few cities. In the complexity of this multi-level system, how

regionalization of the world is reshaping in a multipolar urban world? How the

multi-level perspective highlights some resilience properties? The methodolo-

gies derived from complex systems sciences bring new forms of intelligibility on

worldwide urban dynamics.

Mikhail Kanevski [Unil]

Environmental data mining: current achievements and new chal-

lenges

In this talk recent results obtained in environmental data-driven analysis and

modelling using machine learning algorithms are presented. Case studies con-
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sidered deal with environmental risks, natural hazards, renewable energy assess-

ment. The new challenges in environmental data mining, e.g. understanding

and interpretability of models, visual analytics, etc. are discussed in detail.

Laetitia Le Pourhiet [UPMC], Dave May [Oxford] (Keynote)

pTatin3D, an example of problem driven new development in Petsc

Library

Over the last ten years, the speed and robustness of linear solver for solving

Stokes flow with free surface have brought a lot of new concepts into the earth

sciences community. pTatin3D, one of these 3D stokes solver devoted to solving

problems in geodynamics strongly leverage on Petsc Libraries and encompasses

a lot of these recent developments. The problem of earth sciences are specials

because they require to capture large deformation, across millions of year, with

large variations in coefficients together with accurate description of the topog-

raphy. Based on the example of pTatin3D development, I will illustrate how

initially problem driven improvements to the code have turn out to be imple-

mented in a general enough manner to be implemented back into Petsc for the

benefit of the community, but also ours, as these parts of codes do not need to

be maintained or upgraded anymore. I will then show, how being capable of

simulating the earth in 3D has improved our understanding of the deformation

of the first 150 km of the earth before discussing the remaining numerical issues

that needs to be assessed to go further in our understanding of the Earth.
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Talks abstracts - Wednesday 17 October

Paul Tackley [ETHZ] (Keynote)

Numerical simulations of solid Earth and planetary evolution over

billions of years

Convection of the solid mantle, and related plate tectonics, are key processes

driving in the long-term evolution of Earth and similar rocky planets. It is now

possible to perform global simulations of these processes going from a molten

(magma ocean) state to the present day using the modelling code StagYY.

Melting and resulting chemical differentiation have a first order effect on the

dynamics throughout billions of years. Applications to Earth, solar system

planets and exoplanets will be reported.

Vjeran Visnjevic [Unil] (Group Herman)

Reconstructing glacier mass balance over a mountain range using

Octopus

We have developed a method to reconstruct spatially variable mass balance rate

using ice extent. To significantly increase the computational efficiency we run

our codes on the GPU cluster Octopus. We present the theoretical basis of the

inversion method, which relies on Tikhonov regularisation, and demonstrate its

ability to constraint spatial variations in mass balance.

Gregoire Mariethoz [Unil]

Fast computers for slow geostatistics

In this talk I will describe some geostatistical methods used to enhance geo-

science data based on training images. These approaches have first been pro-

posed about 30 years ago, but at the time they were computationally imprac-

tical. I will describe how this has been addressed in the last decade through a

combination of algorithmic developments and high-performance computing.
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Niklas Linde [Unil]

Geophysically-based uncertainty quantification and model selection

with geological priors

Markov chain Monte Carlo methods are often expected to offer quantitative

means to infer uncertainty of model parameters and Bayesian model selection

is considered an outstanding approach to rank competing conceptual models.

Oftentimes, it is assumed that as long as computing resources are infinite, such

methods will prosper and the answers to most inference and model choice prob-

lems involving geophysical data will be solved. In this talk, I will give exam-

ples of how seemingly innocent choices about the model parameterisation, the

prior distribution, unaccounted error sources (incomplete physics, discretisation,

petrophysical uncertainty, correlated observational errors) impact parameter es-

timates and uncertainty quantification, thus, highlighting that the problem is

not only one of computational resources.

François Noël [Unil] (Groupe Jaboyedoff)

3D rockfall simulations

To manage rockfall hazards, it is important to correctly estimate the reach dis-

tances and velocities of the falling rock blocks. When performing simulation

with a such highly variable natural phenomenon, it is important to repeat the

process many times to cover a wide range of probability. To do so, some de-

veloped 3D simulation models that runs with simplified digital terrain model.

However, many authors noticed that the resolution of the elevation data have

a strong influence on the simulated results. Also, the simplified terrain makes

it hard to parametrise correctly the simulations. Indeed, placing the virtual in-

stable sources accurately and mapping the terrain characteristics is challenging

because the terrain does not look like in reality. To circumvent these limitations,

we are developing a 3D simulation model that can work with highly detailed

elevation data without scarifying performance in order to be able to do several

simulations. The simulation model also has a build in 3D rockfall database to

facilitate the choice of terrain parameters and calibration of the impact model.

We did test it on several sites and we are currently working to improve the

database to better understand rock block impact dynamics for improving the

impact model.
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Posters abstracts

Mohamed Laib, Jean Golay, Fabian Guignard, Mikhail Kanevski

[Unil]

Deep Learning for Remote Sensing Scene Classification: A Simple and High-

Performance Architecture

Michael Afanasiev [ETHZ]

Modular and flexible spectral-element waveform modelling in two and three

dimensions

Maria Koroni [ETHZ]

Simulating forward and adjoint wavefields for the determination of mantle dis-

continuity structure

Dirk-Philip van Herwaarden [ETHZ]

Evolutionary full waveform inversion

Sölvi Thrastarson [ETHZ]

Global Full-Waveform-Inversion Using Event-Specific Meshes

Patrick Sanan [ETHZ]

StagBL: A Scalable, Portable, High-Performance Discretization and Solver Layer

for Geodynamic Simulation

Mathieu Gravey [Unil]

Converting images between different satellite sensors: a statistical approach

Celso Alvizuri [Unil]

Full moment tensors with uncertainties for exotic seismic sources including land-

slides and nuclear tests
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Neda Masouminia [ETHZ]

Imaging 3D seismic structure of the Iranian plateau using full waveform tomog-

raphy

Saule Simute [ETHZ]

Bayesian Seismic Source Inversion with a 3-D Earth Model

Daniel Kiss [Unil]

Shear-heating and HPC
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