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20.1
GeoMol - Development of 3D models of the Swiss Molasse Basin:
Results and lessons learned
Robin Allenbach1, Roland Baumberger1, Gennaro Di Tommaso2, Mirjam Dürst Stucki3, Pascal Kuhn4, Eva KurmannMatzenauer1, C. Salomè Michael1, Lance Reynolds1, Philip Wehrens1
Swiss Geological Survey, Federal Office of Topography (swisstopo),
CH-3084 Wabern, robin.allenbach@swisstopo.ch
2
Federal Office for Public Health, CH-3003 Bern
3
Kanton Fribourg, Department for Spatial Development, CH-1701 Fribourg
4
Kanton Bern, Department for Geoinformation, CH-3011 Bern
1

Competing claims on the subsurface of the Swiss Molasse Basin, such as those for energy and repositories, and related
conflicts such as property and planning in 3D, are expected to be a source of societal conflict in the near future
(Baumberger & Allenbach, 2016). Geological data and information have become increasingly important to decision makers,
planning authorities and even the public as solutions to subsurface development are being sought. Geoscientists are being
tasked with producing 3D visualizations of the subsurface and providing suggestions on as to how it can be optimally
developed (Baumberger et al., 2015).
Within the framework of the EU-funded GeoMol project (2012-2015; GeoMol Team, 2015), a large-scale geological 3D
model of the Swiss Molasse Basin was produced. The model is based on the Seismic Atlas of the Swiss Molasse Basin
(Sommaruga et al., 2012), includes the most important large-scale fault zones and has a resolution of 200 x 200 m
(approximately 1:200’000; FM200). As a follow-up to this low-resolution model, the Swiss Geological Survey (SGS) went on
to develop a high-resolution, basin-wide geological 3D model of the Swiss Molasse Basin (resolution 100 x 100 m;
approximately 1:50’000; FM50).
While the large-scale FM200 was developed entirely by the SGS, the small-scale FM50 is a collaborative work by six
different partners under the lead of the SGS (Universities of Basel, Bern, Fribourg, Geneva; Musée géologique du canton
de Vaud). The model will be completed by the end of 2016.
Prior to GeoMol, knowledge of nation-wide geological 3D modeling at the SGS was scant and the SGS found itself in a
position to not only develop methodologies, but also to test and adapt workflows. A task of these dimensions requires
several independent modelling steps which surpass the scope of many off-the-shelf software packages. Since several
software packages and data formats had to be handeled in successive modelling steps, rules and workflows for data
exchange needed to be established. Between 2013 and today the SGS has experienced, and continues to profit, from a
very steep learning curve.
GeoMol CH delivers the first comprehensive geological 3D model of the Swiss Molasse basin for public access (FM200,
only). It comprises Cenozoic (Plateau and Subalpine Molasse) and 12 major Mesozoic units (see Figure 1) and is described
based on the SGS data models (Swiss Geological Survey, 2013; Swiss Geological Survey, 2012). Besides the two models
(FM200 and FM50), the following products were also developed:
1) Top Bedrock (available at 25 × 25 m resolution); 2) Mesozoic interval-velocity model (all new, including the St.Gallen well
and data supplied by the LGRB); 3) Data Coverage Maps (horizon-based, input data location maps); 4) 3D structures (set
of fault zones).
Regarding the visualization and the distribution of the models, as well as the corresponding data transfer, the SGS offers
various approaches, which are taylored to the needs of non-experts and experts alike.
In future development steps, models existing at the SGS will be consolidated into a 3D knowledgebase containing
retrievable attributes to be used in practical applications and research (Baumberger & Allenbach, 2016). By continuously
improving its 3D products from which new products can be derived and fed back to the 3D knowledgebase, the SGS aims
to increase the 3D coverage of the subsurface and to eventually produce a national geological 3D model.
The geologcial 3D models of the deep subsurface underlying the Swiss Plateau are based on a standardized stratigraphic
section. They provide harmonized data for the most important horizons and the major fault zones. During the past four
years, the SGS not only aquired a huge amount of theoretical and practical knowledge in geological 3D modelling, but also
achieved a high level of performance in many different subdomains (e.g. data preparation and harmonization, seismic data
handling and interpretation, quality assurance and control, etc.). With the FM50, it could also be shown that collaborative
3D modelling is a viable approach to developing large geological 3D models.
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Figure 1: Large-scale, low-resolution geological 3D model of the Swiss Molasse Basin (FM200). It consists of 12 major horizons, from
Base Quaternary down to Base Mesozoic. The 22 most important large-scale fault zones (Major Fault Zones) are included as well as the
triangle zone of the Alpine thrust system.
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20.2
GeoTherm: the first Information System for Deep Geothermal Energy in
Switzerland
L.Boulicault1, N.Oesterling1, C.Minnig1, R.Baumberger1
1

Federal Office of Topography swisstopo, Swiss Geological Survey, Seftigenstrasse 264, CH-3084 Wabern
(lise.boulicault@swisstopo.ch)

In Switzerland the subsurface is under the authority of the cantons. Due to this very heterogeneous legal situation,
geological data is stored at different places and in different legal frameworks. Since federal data access rules are lacking,
the accessibilty to the data is hindered and it is difficult to obtain an accurate overview. Consequently, every project must
start all over again with data acquisition which is time consuming, causes substantial costs, leads to non-sustainable data
treatment, bad over all data quality (if so) and new risks in projects development.
For data relevant for deep geothermal energy the Swiss Federal Offices for Energy (SFOE) and Topography (swisstopo)
identified this challenge. In early 2015, they lauched the GeoTherm (2015-2019) project, which aims to collect, harmonize,
store and publish the relevant data for deep geothermal energy on the Federal web-portal (map.geo.admin.ch). This project
is going to be the first information system for data related to deep geothermal energy available to the public in Switzerland
and contributes to the goals of the “Energy Strategy 2050”. This article denotes the work in progress report after 12 months
of project duration.
Collection of data relevant to deep geothermal energy
Up to now the metadata of 131 wells over 500m depth as well as 59 2D seismic lines in the public domain have been
inventoried. Additionaly, information about the deep geothermal projects in Switzerland have been compiled and will also be
published on the internet. External partners such as universities, cantons and private companies throughout Switzerland
are contacted in order to build-up a community of collaboration and information transfers.
Data harmonization and perennial backup in the Federal database
Parallel to the data inventarization, the data quality control and harmonization based on the borehole data model (Brodhag
& Oesterling, 2014) are ongoing. Relevant information (e.g. well depth, porosity, temperature etc.) for the development of
geothermal projects are compiled from the reports and stored in a central database. This guarantees efficient use and
perennial backups of the data.
Web–publication of non-confidential data
In 2016, three new layers of data relevant to deep geothermal energy (wells deeper than 500 m, seismic lines in the public
domain as well as the locations of the geothermal projects in Switzerland) will be published on the Federal geodata portal
(map.geo.admin.ch). Depending on the confidentiality and legal status of the data, they will be available for full or partial
(metadata only) download, respectively. Negotiations will take place with the owners of confidential data for forthcoming
web-publications.
Production of a geothermal expert system
The publication of uninterpreted as well as interpreted data is only the first objective of the GeoTherm project. Based on
this data and on the 3D geological model of the Swiss Molasse Basin (GeoMol project; Allenbach et al., 2016; this volume),
the SFOE and swisstopo intend to produce an expert system which will contain models of sub-surface geothermal
potentials including temperatures, heat flow etc. This expert system will be a tool for enhancing the comprehension of the
subsurface, assisting in reducing the economic risk of geothermal (and other) projects and promoting the development of
future deep geothermal projects in Switzerland.
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For the abstract of this talk, please refer to the abstracts of the posters P 20.1 & P 20.2

20.4
FREEWAT: open source water resource management platform
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4
Tea Sistemi SpA, Pisa, Italy
1

FREEWAT (FREE and open source tools for WATer resource management) is an HORIZON 2020 project financed by the
EU Commission whose principal result will be an open source and public domain GIS integrated modelling platform for the
simulation of water quantity and quality in surface water and groundwater with an integrated water management and
planning module.
FREEWAT aims at promoting water resource management by simplifying the application of the Water Framework Directive
and other EU and national water related Directives.
Specific objectives of the FREEWAT project are:
to coordinate previous EU and national funded research to integrate existing software modules for water
management in a single environment into the GIS based FREEWAT;
to support the FREEWAT application in an innovative participatory approach gathering technical staff and relevant
stakeholders ( in primis policy and decision makers) in designing scenarios for the proper application of water
policies.
From a technical point of view the FREEWAT platform is a complex QGIS plug-in which integrates the USGS MODFLOW
“suite” of open source numerical models togheter with other tools, libraries and software to offer a seamlessy environment
with a large number of functions and tools accessible with specific interfaces, which facilitate the model creation, calibration,
runnning and result analysis.
The open source characteristics of the platform allow to consider FREEWAT an initiative “ad includendum “, as further
research institutions, private developers etc. may contribute to the platform development was chosen to guarantee the
sustainability of the platform. The development of 14 case studies in Europe and Africa that has been preceded by one
week trainig and that will be implemented with a participatory approach will assure a large number of stakeholder
involvement and software validation.
Free training courses are foreseen the next year in each case study country, including Switzerland, to further disseminate
the platform.
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Figure 1. Screenshot of the FREEWAT interface, observation analysis tool and the lake package interface are visible.
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GIS-based compilation and assessment of the forestry road network in
Switzerland
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In Switzerland, timber harvest and transportation accounts for a large share of the total wood production costs. This makes
the location and dimension of forest roads an important cost factor: Generally, low forest road densities lead to longer
hauling distances, thus increasing harvesting costs. In addition, roads with low bearing capability make additional trips
necessary, increasing transport costs. In order to determine the most suitable and economic harvesting method and the
shortest (or fastest) transport route, reliable information about forest roads is essential.
In the Swiss National Forest Inventory, information about the forest has been collected for more than 30 years (Brändli
2010). The collected data include the forest roads (for trucks) and their paving type in the entire forested area in
Switzerland. In the most recent survey (2013-2014), additional data describing the width of the roads and their suitability for
different truck types were collected for the first time. Roads outside the forest that connect forest roads to main (cantonal)
roads were also mapped.
Data collection and the production of a digital road network required several steps. First, the road information from the
previous survey, stored in attribute fields of a VECTOR25 road dataset, had to be transferred to the most current
swissTLM3D road data by means of a semi-automatic process. This road network was printed on maps, on which the local
forest services indicated all changes since the previous interview. The changes were digitised, using various quality
assurance mechanisms and consistency checks.
The result is a complete topological forest road network that also includes the main routes to the higher-order road network
(Müller et al. 2016). It is used to assess the forest road density in different regions, considering different criteria (type of
paving, vehicle size). Using network topology functions, we analysed the distance from sample plots to the nearest main
road. In addition, we evaluated the adequacy of the Swiss forest road network for efficient timber transport, taking vehicles
of various sizes into account. We found that in many areas forests are only accessible with small trucks, or cannot be
accessed by road at all. With regard to timber transportation costs, the results indicate that investments in the road
infrastructure might be worthwhile for some regions in Switzerland.
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20.6
Visual KARSYS – a web-tool for the documentation of karst aquifers
Arnauld Malard1, Julien Debache1, Pierre-Yves Jeannin1, Manfred Vogel2, Stephen Randles2, Philipp Hausmann2
1
2

SISKA | Swiss Institute for Speleology and Karst Studies, La Chaux-de-Fonds, info@isska.ch
i4ds | Insitut für 4D Technologien, Hochschule für Technik, Fachhochschule Nordwestschweiz

Viual KARSYS is a web-tool being developed for the documentation of karst aquifers and the management of groundwater
resources. The tool is developed by SISKA and i4ds with inputs from various cantons and Confederation. The project is
suuported by the grant for Innovation and Technologic development provided by the Swiss Federal Office for Environment.
The tool will help users to apply the KARSYS approach (Jeannin et al. 2013) by themselves through an intuitive web-based
interface. It will also include a 3D-Web viewer dedicated to end-users (e.g. water authorities), who are interested in viewing
and interrogating the data/results, for instance as maps for decision-making, etc. Innovations regarding the developments
concern the online (hydro)geological 3D viewer, the 3D tools to process the 3D models and the connection of models and
viewer to a geological data base. The talk intends to present the architecture of Visual KARSYS data base and the
expected functionalities of the tool, which is still at the beginning of its development.

Figure 1. Overview of the organization of the Visual KARSYS web-tool
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Interactive online real-time groundwater model for irrigation water
allocation in the Heihe mid-reaches, China
Gianni Pedrazzini1, Wolfgang Kinzelbach1
1

Institut für Umweltingenieurwissenschaften, ETH Zürich

In the Heihe Basin and many other semi-arid regions in the world the ongoing introduction of smart meter IC-card systems
on farmers’ pumping wells will soon allow monitoring and control of abstractions with the goal of preventing further depletion
of the resource. In this regard, a major interest of policy makers concerns the development of new and the improvement of
existing legislation on pricing schemes and groundwater/surface water quotas. Predictive knowledge on the development of
groundwater levels for different allocation schemes or climatic change scenarios is required to support decision-makers in
this task.
In the past groundwater models have been a static component of investigations and their results delivered in the form of
reports. We set up and integrated a groundwater model into a user-friendly web-based environment, allowing direct and
easy access to the novice user. Through operating sliders the user can select an irrigation district, change irrigation
patterns such as partitioning of surface- and groundwater, size of irrigation area, irrigation efficiency, as well as a number of
climate related parameters. Reactive handles allow to display the results in real-time. The implemented software is all
license free.
The tool is currently being introduced to irrigation district managers in the project area. Findings will be available after some
practical experience to be expected in a given time. The accessibility via a web-interface is a novelty in the context of
groundwater models. It allows delivering a product accessible from everywhere and from any device. The maintenance and
if necessary updating of model or software can occur remotely. Feedback mechanisms between reality and prediction will
be introduced and the model periodically updated through data assimilation as new data becomes available. This will
render the model a dynamic tool steadily available and evolving over time.

Figure 1. Screenshot of the interactive web-based user-interface allowing real-time forecasting of groundwater levels for different irrigation
water allocations.
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20.8
Geostatistical sub-pixel imaging of terrain elevation data
Luiz Gustavo Rasera, Gregoire Mariethoz, Stuart N. Lane
Institute of Earth Surface Dynamics, University of Lausanne, CH-1015 Lausanne (luizgustavo.rasera@unil.ch)

Fine-scale topography plays a fundamental role in controlling large-scale surface processes in mountainous environments.
Connectivity patterns between gullies, for example, can affect surface water runoff in large drainage basins. High-resolution
digital elevation models (HR-DEMs) are one of the most important tools for understanding and modeling these geomorphic
processes.
Current remote sensing techniques enable fast and precise acquisition of HR-DEMs. Yet, sensors designed to measure
terrain elevation still feature different spatial resolution and coverage capabilities. Developing algorithms for merging
different data sources offers the opportunity to generate high-resolution data in areas where only coarse measurements are
available.
In this work, we propose a geostatistical simulation algorithm to downscale spaceborne low-resolution digital elevation
models (LR-DEMs) using HR-DEMs derived from ground-based and airborne altimetry as training data. The method relies
on the use of a training image (TI), an analogue DEM to a specific target LR-DEM, which contains information at both
spatial scales. High-resolution elevation patterns are retrieved from the TI to downscale the target LR-DEM through
sequential simulation. Ancillary variables on LR-DEMs serve as secondary information to evaluate which topographic
patterns are more likely to occur at a given location in the target DEM.
Simulated realizations exhibit the same spatial resolution as the high-resolution patterns found on the TI and also reproduce
the spatial structure and statistics of the original DEM. The method is illustrated by a case study in the Swiss Alps.
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In all fields of geology, interpreted maps (e.g., hazard-, groundwater- or bedrock geology maps) derived from observationbased geological maps are widely used as a tool to make decisions, which are not seldom of important economic,
environmental or social interest. Bedrock Geology Maps (BGM) typically represent the pattern of bedrock units on the topbedrock topography including the parts hidden below unconsolidated deposits. BGM can be derived from geological maps
such as the Geological Atlas of Switzerland and become more and more important in the GeoCover vector data sets of
swisstopo. Any cross section, the basis for many 3D Models, is bound to a BGM interpretation.
Based on the same geological map, different geologists usually produce different BGM interpretations. In some regions, the
uncertainty related to the bedrock geometry can be so high that its use as a tool for decision-making cannot be accepted.
Yet in other regions, the BGM represents bedrock interfaces with a rather high degree of confidence. This highlights the
need to assess the uncertainty at any location.
Also in the area of 3D geological models, the need to express uncertainty has been recognised. So-called “implicit”
modelling techniques have been developed, which use powerful statistical analyses to estimate probabilities or variabilities
associated with the position of bedrock interfaces (Lindsay et al. 2012; Wellmann et al. 2010). However, many factors come
into play for the construction of a 3D Model (as for a BGM). Data-based, but also knowledge-based factors are essential to
carry out structural interpretation. Implicit modelling techniques integrate specific knowledge input before data interpolation
(Calcagno et al. 2008). However, knowledge-based factors are by nature quasi impossible to quantify statistically.
The aim of this project is to develop a non-statistical, 3-dimensional, pre-modelling approach, in which the uncertainty
model is generated based on observed input data, i.e. outcrop and borehole data, independent of any previous
interpretation or model. To do so, we define a set of geometrical rules enabling the extrapolation of interfaces between rock
bodies in subcropping zones according to structural principles (e.g., geometry of topography-interface intersections in
outcrop zones, exclusion zones, structural measurements). Expectedly, there are many viable solutions that respect the
data and the rules. The total of viable solutions for a given interface delimits the PITE (“Plausible Interface Trace Extent”),
i.e. a band in which the presence of the interface trace cannot be excluded. If a PITE forms a narrow band, it can be
inferred that the BGM interpretation is strongly constrained by the input data. Where a PITE remains broad, it intuitively
reflects the higher uncertainty in which the choice of the interface position is to be taken. In awareness that the definition of
the rules is crucial for such pre-modelling approach, numerous tests on synthetic and natural datasets in different geological
settings will be undertaken.
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Figure 1. From the geological map to the Bedrock Geology Map (conceptual). a) Imagined geological setting showing only outcrops, faults
and structural measurement data. b) Proposed uncertainty model showing PITE’s (Plausible Interface Trace Extent) confined according to
basic geological principles. c) One possible BGM interpretation consistent with the PITE’s locations.
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The use of GIS, database, web interface or OpenData services is increasingly used by geological surveys to manage their
data. Until today, management of subsurface data was often regarded as less important than the interpretation and
understanding of the data themselves. However, State institutions need more and more strong and secure infrastructure
where surface and subsurface data are collected and stored to ensure a better understanding and management of the
subsurface resources of their territory. The State of Geneva was confronted to this situation with the GEothermie2020
program. Piloted by the State of Geneva and implemented by the Services Industriels de Genève (SIG), this program aims
to rework with old data, collect new one and gives, thus the opportunity to improve subsurface knowledge. Nevertheless,
the actual IT infrastructure is not complete enough to centralize these data.
In the context of this program, my project consists on finding the balance between comprehensiveness and relevance of
the data to integrate to the future complete database system. Geological data are numerous, various and often very
heterogeneous and incorporate all data is often difficult or even impossible. One of the main challenges is to find the limit
between archiving and valorising the information. The first step is, therefore, the understanding and the harmonization of
regional stratigraphy. This is also a key issue to appreciate lateral variation and to design properly sedimentary body
distribution through the subsurface to allow 3D modelling.
To constrain and understand better the stratigraphy and lateral variabilities of the Great Geneva Basin (GGB), nearly 50
diplomas and 10 PhD theses of the University of Geneva were consulted, enhanced by an extensive published literature
search. A large work on collecting and digitizing these data was accomplished and numerous correlations sheets and
stratigraphic logs were generated. In Geneva, we have a great opportunity to understand better the subsurface units by
studying them in the numerous surrounding outcrops (Charollais et al., 2007, Meyer, 2000). Thus, different field compaigns
on the Jura, Saleve and Vuache, were also made to complete the study.
Done over several generations, it is a real challenge to connect the different definitions, interpretations and stratigraphic
associations peculiar to each author. Heterogeneities and discrepancies of the data are the main issue. Mesozoic and the
Cenozoic time period form the major part of the sedimentary succession in the GGB and are principally composed of an
alternation of carbonates and marls. The thicknesses and facies vary laterally across the basin. The Upper Jurassic and
lower Cretaceous are the main series studied in the outcrops surrounding Geneva. However, Middle Jurassic and Lower
Jurassic and Triassic series are weaker in terms of data in the area. Direct correlations with the HARMOS program, the new
official Swiss stratigraphic framework (Morard, 2014, Strasser et al., 2016) are not exhaustive for all geological periods, in
particular for the Jurassic and for the Triassic. Significant differences between local stratigraphic nomenclature and this new
system exist and further investigations are necessary to fit to the needs. Different composite logs and a stratigraphic catalog
are in progress to help the State of Geneva and the SIG in their subsurface prospections. Therefore, a clear stratigraphic
framework will be available for the GGB and it will be possible to integrate homogenized data in the new IT system.
The GEothermie 2020 Program has raised the importance of harmonizing and correlating data in order to understand better
the GGB subsurface geology. The future database, build on a clear geological context with relevance of the data to
integrate and the accurate stratigraphic framework, will offer tools to the State of Geneva to easily find data, create
correlations, modelisation and requests. Furthermore, an easier management of its subsurface resources will be possible.
The development of this intelligent and interactive system for data management holds an important place, especially for
such large-scale projects involving growing numbers of stakeholders.
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Issues concerning the exploitation of the subsurface are increasingly important in the context of a sustainable territorial
development (Blunier et al. 2007). A detailed and accurate knowledge of the local geology is therefore key to allow an
effective exploitation and management of the existing resources. GEothermie 2020 is a program led by the State of Geneva
and implemented by the Services Industriels de Genève. Aiming to develop the geothermal energy in the Geneva basin,
this program offers the opportunity to improve subsurface knowledge by collecting new data, both in two and threedimensions (2D and 3D). As owner of the subsurface, these data have to be gathered, organized and managed by the
Geneva Geological Survey (Service de géologie, sols et déchets - GESDEC). Unfortunately to date, existing IT
infrastructures are not sufficient to address these needs.
Funded by the State of Geneva, the main objective of this research is to develop a geological database linked to a
Geographic Information System (GIS). Geological data has to be organized in a database allowing spatial requests, map
production and 3D modelisation. Another main challenge relates to the link between 2D and 3D geological data, especially
through the cantonal platform (ge.ch/sitg/geologie3d) that stores and displays 3D models (Gabriel et al. 2015). Furthermore,
geological data must also be intersected with information on energy and territorial planning, while ensuring a monitoring of
the data through time (4D).
The very first step of this study was to establish the state of the art on the current geological data management pratices in
Europe. In order to evaluate their Information Systems (IS), short structured questions have been sent to all European
geological surveys as well as an adapted version for the cantonal and federal swiss institutes. Concerning the database
and GIS development aspects, an analysis of the GESDEC’s needs and constraints allowed to expand the data model
previously issued from Brentini and Favre’s work. These developments took place in parallel with discussions with
stakeholders involved and various experts in the field of information management, geology and geothermal energy.
This preliminary study revealed that the development of a geological IS differs largely from a country to another. However,
objectives and needs of geological surveys are similar. The exploitation and management of the subsurface resources of a
territory requires an integrated system for geological data. In Geneva, the data model was developed according to the
following themes: geology, hydrogeology, geophysic and geothermal energy (see in Figure 1). Each theme contains
features that are characterized by a geometric shape (point, line or polygon), attribute tables and relations between them.
The data model was designed to allow crossed requests between features though unique identifier (ID) attributes.
Meanwhile, features and their attributes have been defined in a feature catalog to ensure updated metadata.
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Figure 1. Global view of the subsurface database thematic data model.

The data model extension will lead to a multiple use of the subsurface database. The next step is to implement the data
model in a database management system (DBMS) combined to a GIS. The whole system should be able to answer queries
for the production of maps, models and protection zones, which assist an optimal management of the subsurface resources
for the State of Geneva.
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4ONSE is part of the Swiss Programme for Research on Global Issues for Development (r4d programme) financed by the
Swiss Agency for Development and Cooperation (SDC) and the Swiss National Science Foundation (SNSF).
The availability of complete, quality and dense monitoring hydro-meteorological data is essential to address a number of
practical issues including, but not limited to, flood-water and urban drainage management, climate change impact
assessment, early warning and risk management, now-casting and weather predictions. Thanks to the recent developments
(Internet Of things, big data, Internet diffusion, etc.) non-conventional monitoring system based on low cost and open
technologies may be a great opportunity either as a complement to standard and authoritative monitoring systems or as a
vital data source in regions where traditional observation networks are in decline or missing.
In order to progress beyond the state of the art the 4ONSE project has been lunched for providing detailed information on
open challenges found in literature for these kind of open and non-conventional systems, specifically: data quality,
metadata accessibility and standardization. This will be achieved by integrating and further developing the available
technologies to implement a fully open (data, standard, hardware and software) solution and to deploy an experimental
monitoring system composed of about 30 stations which will be analysed in term of data quality; system durability;
management costs; performances; sustainability. Moreover the suitability of this type of system will be evaluated in existing
climatic-dependent management practices to understand its applicability, advantages and limitations.
The ultimate desired impact of 4ONSE is to strengthen the capacity of data production, usage and management in
developing countries. Filling the gap that lead to monitoring network failure in developing countries will empower these
countries with the ability to set-up and maintain their own climatic monitoring network. This leads, among other benefits, to:
shorter reaction time in case of impending hazards, better understanding of phenomena, wiser definition of management
strategies and policies and capacity to evaluate policy implementation effects. With an eye at the above strategic objective,
this project intend to contribute to advance in this direction by impacting the capability of developing countries in perform
researches in the field of earth observation by means of better understanding of concepts on open technologies and data
capabilities. It is also important that a common sense of joint responsibility of governments, international and regional
organizations, private sector and civil society is grown in order to boost this process and that the opportunity of using data
from dense monitoring system and open standards is well acknowledged as a support tool for the development of new
policies and activities.
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Some decades ago, cluster analysis has been identified as a powerful tool in microfacies discrimination. In numerous case
studies, mainly on the Bahamas, various authors tried to use multivariate analysis to determine, and map, microfacies belts.
Their used settings (distance measure, amalgamation method, raw data, normalized data, etc.) strongly influenced the
outcomes of the respective studies. That is why the recommendations for the use of cluster analysis, and its value strongly
diverted. In our study, a Q-mode analysis with not normalized raw data has been performed, to identify microfacies in our
samples. As distance measure Manhattan, and for amalgamation algorithm Ward was used. The final identification of the
cluster, and therefore microfacies, is based on frequency data form thin section analysis, as well as on the rock texture from
thin section scans. For each outcrop in Sierra del Álamo, and Barra los Tanquesoutcrops, eleven facies have been
identified.
Additionally multi-dimensional scaling has been performed, to visualize the relationships among the groups. To create these
ordination plots, the dissimilarity matrix of the cluster analysis was used. This multivariate analysis is particularly useful to
assign the distinguished facies to corresponding depositional environments. Through key fossils (e.g. sponges), fix points
for energy and proximity to a hypothetical shoreline were set, and trends could be identified. These two parameters allowed
us to define different depositional structures of a theoretical carbonate ramp model.
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A new measure of clustering based on multipoint Morisita index (mMI) is applied to analyze the clustering of forest fires in
Portugal. The data set consists of more than 30000 fire events covering the time period from 1975 to 2013. The distribution
of forest fires is very complex and highly variable in space. The mMI is a recent development of the classical two-point
Morisita index, which is usually used in spatial data analysis to characterize the clustering of point patterns. In essence,
mMI is estimated by covering the region of the study by a grid and by computing how many times more likely it is that m
points selected at random will be from the same grid cell than it would be in the case of a complete random Poisson
process. By changing the number of grid cells (size of the grid cells), mMI characterizes the scaling properties of spatial
clustering. From mMI, the data intrinsic dimension (fractal dimension) of the point distribution can be estimated as well.
In this study, the mMI of forest fires is compared with the mMI of random patterns (RPs) generated within the validity
domain defined by the forest zones of Portugal. It turns out that the forest fires are highly clustered inside the validity
domain in comparison with the RPs. Moreover, they demonstrate different scaling properties at different spatial scales. The
results obtained from the mMI analysis are also compared with those of fractal measures of clustering – box counting and
sand box counting approaches.
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Wildfire susceptibility is a measure of the terrain/land propensity for occurrence or spread of a wildfire due only to the
terrain’s intrinsic characteristics. Associated with the fire probability, the fire hazard can be determined and therefore, it is a
fundamental component of the fire risk conceptual framework. Different methods and tools were tested, used and compared
to model and map wildfire susceptibility. First, the deterministic and linear approach proposed by Verde & Zêzere (2010)
and, second, two non-linear methods including the Extreme Learning Machine (ELM, Huang et al. 2006) and different
approaches of Random Forest (RF, Breiman 2001). For comparison purposes, the same predisposing variables (slope and
vegetation cover) were combined and used as predictions in all models.
The Portuguese PROF (Planos Regionais de Ordenamento Florestal) region of Dão-Lafões was selected as a case study
because it allows reducing the size area, which is Portugal, without loss of generality. Moreover, this region belongs into the
range of national average values of the number of fires and burnt area, and includes a high heterogeneity in land cover and
slope. Notice that Portugal is, by far, the European country most affected by wildfires.
By means of GIS techniques, prediction maps, which represent the susceptibility of the study area to fire, were obtained.
Comparison of the different methods includes the location of the pixels with similar standardized susceptibility and total
validation burnt area in each of five susceptibility classes. Results obtained with all different methods are very alike and
allow to obtain similar fire susceptibility maps and variables’ importance ranking.
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Recently application of network science has gained a considerable interest in different scientific disciplines, from social
networks to environmental monitoring. In this research, measures of network science are used to analyse the spatiotemporal structure of wind speed. Using more than 100 weather stations covering Switzerland, and taken at 10 minutes
intervals. The correlation between these stations is used to construct networks.
The temporal evolution of these networks is studied and quantified using their density. Such analysis gives better
visualization of wind speed structure, and analyses the change of connectivity over time in terms of network density.
Furthermore, it is useful for investigating if there is any topographical similiraty between the connected stations.
Finally, the time series given by the network density over time (fig. 1) is studied. According to the Hurst exponent, the
existence of long-memory dependence of connectivity between stations is confirmed. Such results can be useful on risk
assessment, when the correlations are positive. It means, when a wind storm is happened in one place, it is possible to
predict if the same storm will happen elsewhere.

Fig 1. Time series of networks density over time.
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River confluences are zones where two or more rivers join and form a single channel downstream of their junction.
Because of their essential role in the dynamic of fluvial networks, there has been an increase in the attention given to their
hydrodynamics and morphodynamics during last three decades. Despite this increased understanding of the complex flow
behavior and morphological aspects, few studies has been focused on low momentum ratio river confluences and mixing
processes. As among these few studies, most of them have been driven by the mean of laboratory experiments and
numerical models, a combination of field data collection and data processing is required to study the effect of low
momentum ratio on flow dynamic, rive morphology and rate of mixing in river confluences.
In the present poster, the flow discharge and velocity data of two upper Rhône river confluences in Switzerland, which are
characterized by low momentum ratio and a varied rate of poorly sorted sediment transport is shown. The data set is mostly
collected, using spatial distributed acoustic Doppler current profiling (aDcp) measurements. The morphological changes are
studied using a combination of high-resolution aerial imagery data obtained by a phantom drone and acoustic bathymetric
surveys. The mixing processes are investigated by measuring the surface water temperature with a thermic camera
mounted on an E-bee drone [, whereas sediment pathways can be explored through the use of the ‘bottom-tracking’ feature
of the aDcp device (not sure there will be such results at the conference time)].

These collected data is processed using a matlab code, Pix4D and visualization software. These processed data then can
be used to describe the flow behavior, morphological aspects and mixing processes at river confluences characterized by
low momentum ratio and to test laboratory derived conceptual models of flow processes at such junctions. The obtained
results can be used under a wider range of forcing conditions to provide detailed data on the three-dimensional flow field
and the morphology, to validate numerical models.
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