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Abstract
Today, 80% of political and economic decisions are related to – mostly 2d – spatial data, with the 
visualization and characterization of the subsurface in three dimensions playing an only minor role. 
In Switzerland, the usage of the underground for energy production, waste disposal, assessment and 
mining of mineral resources and infrastructural planning has turned a wallflower topic into an eye-
catcher discipline over the course of the last few years. It’s becoming evident that with these upcoming 
challenges the usage of the subsurface will increase and needs to be planned accordingly. Consequently, 
the subsurface and its competing claims, in line with related conflicts (3d property, 3d spatial planning), 
denote one of the main societal conflict areas in the future. This change does not only impact our 
understanding of the subsurface and its potentials, but it also forces the geoscientists to supply their highly 
complex and extensive three-dimensional products to non-specific target groups. Thus, the main challenge 
is not only to construct correct and highly informative 3d geological models, but preferably to make them 
accessible to a wide range of potential end-users. Here, we particularly focus on the advances of the Swiss 
Geological Survey in the field of 3d geological modelling and data management and its future plans in 
this domain.

Introduction
In general, 3d spatial planning plays a key role in future use of the subsurface, which requires reliable 
data to meet advances in technology (e.g. unmanned goods traffic) and the consequences of population 
growth (e.g. deep cities). Today, public interest in Switzerland is focusing on subsurface potentials (e.g. 
hydrocarbons, raw materials), the unsolved contemporary energy supply problems (e.g. radioactive waste 
disposal), the challenges of the energy transition (e.g. geothermal energy production) and the climate 
change (CCS). In this context, geological data and information have become increasingly important 
to decision makers, planning authorities and even the public – with the geosciences being in charge to 
supply concrete solutions and coherent explanations.

Despite being a small country in Western Europe, Switzerland is a federal directional republic consisting 
of 26 cantons, each of them having the sovereignty of the subsurface at their own disposal. Whereas 
geology does not stop at boundaries, the Swiss Geological Survey (SGS) faces a cluster of narrow legal 
situations, where relevant regulations change within short distance. Since 2008, the Federal Act on 
Geoinformation and the corresponding ordinances clearly define the fields of activity of Swiss federal 
institutions operating in the subsurface. According to this, the SGS has the task to produce and supply 
geological products, data and information of national interest and to coordinate the competing interest of 
federal and state authorities.

In order to fulfill its task, the SGS relies on three concepts: 1) The production of harmonized and 
integrated geological data and information, 2) the simple and easy access to these product as well as data 
and information and 3) the usage of the standardized Federal Geoinformation Data Infrastructure (FGDI) 
for the storage and the distribution of geological data. 

The tripartition in data management as shown in Figure 1 enables the SGS to concentrate on data 
production as its core competence, while the other pillars are covered by specialists within the federal 
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authority. To enforce this situation, SGS 
initiated the Geological Information and 
Production System (GIPS), a mid-term 
program aiming at initiating standardized 
data production workflows for 2d and 3d 
data along with centralized, standardized 
and harmonized and daily updated input 
data storage across production units 
within SGS. 

Production of 3d geological 
models at SGS
At SGS, 3d geological models are 
considered to be 3d knowledge bases 
with varying purposes, extents and scales. 
In production, three aspects are key: 
1) input data, 2) the three-dimensional 
model management and 3) the modelling 
environment.

To 1): In general, the SGS uses the common input data types for the production of its 3d geological 
models: Wells, boreholes, seismic data, cross sections and surface geology. This data suite is 
complemented by additional geophysical data (e.g. gravimetry) and a sound knowledge of the 
corresponding methodologies and geological concepts. According to the GIPS concept presented above, 
all input data, which is necessary for the manufacturing of any kind of product at the SGS, is stored on 
centralized systems and continuously updated by specialized teams and by results obtained out of the 
production process. Regarding 3d modelling, selected interpreted input data is retrieved from these central 
data stores, transferred to the 3d modelling environment and processed therein (Figure 2). In order to keep 
the master data sets up-to-date, modelers are obliged to push any re-processed or newly gained input data 
back to the original storage systems. This basic understanding of input data management ensures that 3d 
geological models are up-to-date and built from harmonized and standardized input data.

To 2): From a technical point of view, the SGS skips file-based model storage and introduces database 
based 3d model management until the end of 2015. This means that the relevant geometries (e.g. points, 
lines, surfaces, tetrahedrons; 3d grids in the near future) are seamlessly stored at one single location 
instead of having the models stored at varying locations. This transition helps the SGS to overcome 
common difficulties of the traditional approach (huge amount of files, geometrical boundary effects 
between two files etc.). Besides the seamless model storage, state-of-the-art database management 
functionality (concurrent user access, lock-modify-unlock of features, versioning of data, traceability of 
manipulations, etc.) is natively provided by the database software. In consequence, the modelling staff 
can access all available 3d models at one single location by using one single software tool, relying on a 
direct and bi-directional link between the modelling software and the 3d database. This kind of 3d model 
management improves the model quality and provides the foundation for their publication to the target 
groups. 

To 3): GIPS (input data) and the 3d database (3d model management) not only denote the end members 
of the modelling workflow, but they also thoroughly impact the production of 3d geological models at the 
SGS (Figure 2). The modelling workflow (modelling environment) at the SGS is likely to be the same or 
at least similar as at most other Geological Survey Organizations (GSO). 

Figure 1. Data management concept of the FGDI with 
three interdependent pillars: Production, storage and 
distribution. Production covers the SGS internal data 
production, storage comprises the standardized filing 
of geodata for the entire Swiss Federal Administration 
and distribution handles the standardized distribution of 
geodata to the public.
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However, the SGS distinguishes between modelling of unconsolidated and consolidated sediments.

Unconsolidated sediments: This model type comprises the Quaternary rocks. Due to their specific 
deposition processes and numerous interplays of glacial advances and retreats, the internal structure of 
the Quaternary is very heterogeneous and complex. The utilization of these models for a wide range of 
applications (construction activity, drinking water, heat pumps, mineral raw materials, etc.) is key for a 
broad spectrum of end users. The amount of input data (e.g. drill holes, cross sections, geophysical data 
and surface mappings) regarding the Quaternary is enormous, reflecting the varying utilizations in this 
domain. Therefore, special attention must be paid not only to the detailed production of the models, but 
also to their meaningful characterization and interpretation. 

Consolidated sediments: Modelling focuses on Tertiary and Mesozoic horizons including the base of 
the Mesozoic deposits. Compared to the Jura Mountains and the Central Alps in Switzerland, geological 
complexity in the Swiss Midlands is low. In contrast to the former model type, the number of possible 
utilizations is considerably lower. However, the role of these models will be key to face future challenges 
as mentioned above. Due to the lower density of input data (seismics, ca. 40 deep wells, ca. 200 deep drill 
holes and gravity measurements), it is not possible to achieve the same high input data density as is the 
case for the models treating the unconsolidated sediments.

During last three years, the SGS has developed two layer cake national framework models for the 
consolidated sediments. They exist in resolutions of 200 m and 100 m grid sizes, which resemble scales 
of 1:200000 (published) and 1:50000 (as of mid-2016), respectively. Modelling of the unconsolidated 
sediments is currently under development. Thus, the modelling workflow as presented in Figure 2 has 
been applied to the modelling of the consolidated sediments only.

Regarding the modelling workflow, the fully bi-directional link between the Move™ modelling software 
and the GST 3d database allows the modelers to retrieve data directly from the database (Figure 3), to 
manipulate the features within Move™ and to finally push the edited data back to the storage facility. 
In order to guarantee data consistency and attribute completeness, data storage is constrained by the 
underlying data model (see below).

It is not only possible to retrieve, edit and push back already existing models. Also new and previously 
unprocessed data can be directly integrated into the modelling process. However, while pushing new 
data to the database, data model constraints are applied to ensure data consistency. Even though the 

Figure 2. Basic modelling process at the SGS: Input data comprises the most common data 
sets, 3d models or newly acquired data. They are processed to build 3d geological models in the 
modelling environment and finally pushed to the 3d data store.
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time and effort needed for modelling increase, the overall gain in consistency as well as the improved 
usability across data sets legitimates the additional work. The application of these kinds of standards to 3d 
geological modelling ensures that 3d models do not remain simple geometrical objects, but denote a first 
and important step for serving as future 3d knowledge bases.

Characterization of data
The SGS is commissioned to produce more than simple 3d geological models and the application of 
standards (e.g. data models) denotes a fundamental step to achieving this goal. However, consistent data 
alone is by far not enough to build up significant 3d knowledge bases. Additionally the parametrization 
of models with rock properties is the most obvious way to increase the value and application of 3d data. 
Finally, special effort must be paid to the inherent uncertainty of 3d data. Therefore, the characterization 
of data at the SGS comprises three domains: 1) semantic description, 2) rock properties and 3) 
uncertainty. 

1) The most important property of any data set produced by the SGS is their internal semantic consistency 
among each other. In order to achieve this goal, SGS developed a comprehensive set of interdependent 
minimal data models (2d geology, 3d geology, boreholes, raster data, portrayal and the suite is growing). 
These internationally compatible standards introduce a standardized semantic description of the 
products, data and information and ease the data exchange between any institutions within the geological 
community in Switzerland. 

2) The second important domain covers the attribution of the models with rock parameters such as 
lithology, density, permeability, porosity, heat flow, rock classifications, etc. Depending on the model 
type and its application, the amount of input data is very different, ranging from more than half a million 
drill holes and heat pumps which are used for modelling the unconsolidated and consolidated sediments, 
to less than 40 deep wells providing information for models of consolidated sediments. General data 
availability is narrowed by the general clustered political and legal situation in Switzerland mentioned 
earlier. In addition, an extensively interpreted copyright law allows geologists to claim subsurface data 
processed by themselves, as intellectual property. This, in consequence, may hinder data exchange needed 
for a national and comprehensive 3d geological data set.

3) The uncertainty of different characteristics (e.g. data density, data quality, and lithology) is going to be 
a mandatory component of any 3d model developed at the SGS. Consequently, the increasing demand for 

Figure 3. The nation-wide 3d model of the Swiss Midlands. The user 
defined query box is visible as a dashed red line. Within this area, 
features are locked for editing by the database, preventing concurrent 
access and manipulation by other users. Inset shows database content, 
which can directly retrieved from the software.
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quantifying the reliability of subsurface models can be satisfied. Firstly, indications of the density of the 
input data will be added in order to supply some sort of a model reliability index. Secondly, the model 
quality will be assessed, concentrating on the investigation precision, the quality of the documentation 
and the age of the input data. Thirdly, an uncertainty estimation regarding the lithology at a certain 
location will be integrated. Up to now, focus has been laid on the completion of the first 3d geological 
models of the Swiss Midlands. Therefore, the uncertainty topic has been given only minor attention, 
although tests in pilot regions delivered promising results. 

Transfer of data to target groups
Fully attributed 3d data sets as outlined above denote the basics for the development of new products, 
applications and services. Although the visualization of the third dimension offers fascinating perspectives 
to earth sciences, the limitations of 3d models have to be kept in mind. Even geoscientists, relying on 
their professional attitude, have difficulties grasping and technically understanding such visuals. On the 
other hand, simplified models enable non-professionals to recognize geological correlations to support 
e.g. decision making processes. This will become increasingly important in the future, when upcoming 
challenges related to the subsurface need to be transferred from geoscientists to laymen. Therefore, the 
SGS offers various approaches for the distribution of 3d models and the corresponding data transfer. For 
the experts, the SGS provides full access to the existing 3d models (based on the 3d database mentioned 
above) via a web based 3d viewer (https://viewer.geomol.ch/). Users are allowed to query the models in 
3d view (rotating, slicing, WMS overlay, attributes histogram) and virtual boreholes and cross sections 
(vertical, horizontal) can be constructed live. These can then be downloaded as images and in the near 
future, a download option will allow downloading the data directly from the web. 

For all user groups (with focus on non-experts), the federal 
geoportal (http://map.geo.admin.ch; Figure 4) offers a 
variety of 2d data sets related to geology. From there, the 
3d models can be queried live with the same possibilities 
regarding the construction of virtual boreholes and cross 
sections. Many of these 2d data sets can be downloaded 
for free or can be purchased in the SGS internet shop. 
Furthermore, the SwissMap mobile app for mobile devices 
also covers some 2.5d functionality, such as draping 
geological maps on to digital elevation models and loading 
pre-existing cross sections.

Two main challenges remain: The easy and 
comprehensible procurement of 3d geological models as 
well as the improvement of the access to geological data. 
Firstly, the dispersion of geological data must be kept as 
simple as possible. This is a core business of any GSO and 
an everyday challenge for every geoscientist. Secondly, 
the SGS plans to participate to the Open Governmental 
Data (OGD) movement as of 2017. It is expected that this 
change of paradigm will ease the access to geological data 
and will additionally increase the overall economic benefit.

Figure 4. The geodata portal of the 
Swiss Confederation (http://map.geo.
admin.ch) currently offers more than 80 
data sets related to earth sciences. The 
access to the website is free of charge 
and the responsive design allows 
querying the content from different 
mobile devices.
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http://map.geo.admin.ch
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Outlook and long-term plan
Geological data, which is 3d data by definition, should be stored and supplied accordingly. At the 
moment, several projects (modelling of unconsolidated and consolidated sediments) result in 3d products, 
each relying on different basics. A consolidation is urgently needed in order to have only one central input 
data storage, one modelling environment, one 3d model management platform and one central 3d access 
in operation. To achieve this goal, the SGS is going to

• strengthen its current national framework models to serve as a starting point for the deviation of 
new products (e.g. block models, depth serialized maps, etc.), online applications (e.g. 3d resource 
knowledge bases → geothermal energy, unconsolidated sediments) and services (e.g. WMS, WMTS).

• build up 3d geological models from the nationwide geological surface mapping at a 1:25000 scale 
and to analyze the trans-dimensional relations between 2d data and 3d data (quality control, data 
transformation, data consistency, etc.) as well as the workflow to integrate observed 2d data (maps, 
vector data) and mostly inferred 3d data (models).

• clarify the requirements in order to consolidate the 3d modelling environments of the modelling 
domains of unconsolidated and consolidated sediments into one modelling environment and model 
management platform.

• subsume all geological data (e.g. models, 2d vector data, drill holes, seismic data, cross sections, 
maps, etc.) and information (meta data, rock parameters, reports, etc.) under the Swiss Geological 
Subsurface Model (SGSM). The SGSM denotes not a model s.s., but rather a central 3d access for 
visualizing available data, while providing full overview in 3d space, preventing redundant data 
storage and accounting for already existing IT components.

Starting with 3d geological modelling in 2010, the SGS follows adapted schedules to achieve the 
above-mentioned goals: First deviated products will already be released by the end of 2015, a prototype 
1:25000 model will be available by mid-2017, the consolidation between the modelling approaches will 
be achieved by the end of 2018, and the SGSM will be introduced by 2020. Within ten years’ time, the 
initially dismissed wallflower will have turned into an influencing and strategically important eye-catcher 
for the SGS. 


