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1. Introduction
Geneva Risk is an instrument jointly developed by Thales SA and Basler & Hof-
mann at the request of the Authorities of the Canton of Geneva to survey and to as-
sess the risk of environmental potential pollution and potential human hazard caused
by dangerous chemical substances and materials. In addition, Geneva Risk is a
means of implementing the Swiss Federal Ordinance on Protection against Major
Accidents (Ordinance on Major Accidents, OMA). This project was supported by
the Geneva Geomatic Competence Center and The Swiss Agency of Environment,
Forest and Landscape (SAEFL). Subsidy required the Geneva Cantonal Parliament
to issue debt.

The Ordinance on Major Accidents (OMA) defines the handling of hazardous
chemical substances and materials, while the SAEFL delegates the executive powers
to the cantonal authorities. In the Canton of Geneva, the Geneva Labor Inspectorate
(OCIRT) handles this responsibility. In order to fulfill this obligation, the OCIRT
decided to develop a decision support system named “Geneva Risk”. From the on-
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set, Geneva Risk was intended to be compatible with the European Community
Seveso II Directive on the Control of Major Accidents Hazards Involving Danger-
ous Substances, and also with the UNECE Convention on the transboundary effects
of industrial accidents. In addition, Geneva Risk is an instrument to implement the
legislature and enables the regional authorities to improve their land use manage-
ment and to establish preventive emergency response procedures. This ambitious
risk management project was successfully accomplished by working together with
similar authorities in charge of OMA in the Canton of Zurich and the Geneva Geo-
matic Competence Center (GCC). The GCC provided a wide range of geographical
data with their database (SITG). Other existing data sources, such as the Geneva
water information system, the Geneva social liabilities Database (provided by the
Repertory of the Geneva Companies Competence Center (REG)) were improved in
order to accomplish the objectives of Geneva Risk.

2. Methods

2.1 Legislative and methodological background
Geneva Risk deals with potential chemical hazards and risk concepts. The potential
hazards and risk calculations were performed using elements of three different
methods: (i) the official Swiss OMA methodology (SAEFL 1992, 1999a, 199b;
AWEL 1998; Covelli et von Rohr 1998), (ii) the methodology developed by the In-
ternational Atomic Energy Agency (IAEA 1996), and (iii) the individual risk criteria
developed by agencies in the UK and the Netherlands (CPD 1999). The overall Ge-
neva Risk method includes the definition of reference damage scenarios for toxic,
explosive and flammable substances while taking into account the risk to the popu-
lation (Taylor 1994). Independently, reference scenarios for surface and ground wa-
ter contamination (Fischer et al. 1977, Liu 1977) were analyzed in the risk assess-
ment. Based on these scenarios, numerical dispersion models were defined and ap-
plied for the following risk sources: (i) stationary facilities, such as plants, industry,
gas stations, and (ii) line-based infrastructure, such as national highways (Basler &
Hofmann 2000), main roads, railway tracks, pipelines (EGPIDG 1993, SEW 1997)
for petroleum and liquefied natural gas (fig. 1).
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figure 1
Overview Methodology Geneva Risk

2.2 The principal approach to risk assessment
The principal approach of the risk assessment is the assumption of: (a) a probability
of major accident occurring at a specific site and (b) an estimation of damage to the
population and environment at the site (CCPS, 1989; Little, 1992). The assumption
of probability is derived from statistical data. The probability of a major accident
depends on failure ratio of technical installation, heavy traffic ratio, average daily
traffic on highways and main roads, average accident ratio, etc. The estimation of
damage depends on various factors such as population density, dispersion radius for
different chemical substances, toxic properties of chemical substances, which have
to be defined. The combination of (a) and (b), mathematical multiplication, gives the
risk probability. The latter is calculated for every risk source mentioned above and is
divided into the following two main categories: people at risk and environment at
risk. GIS methods make it possible to combine and sum up the risks derived from
individual events into a cumulative risk. GIS also allows one to visualize the risk
levels and to assign them to specific areas.
Furthermore, GIS facilitates the interpretation of data and tracking down of the final
numerical results. The accumulated risk layers lead to an interesting interpretation,
sometimes surprising, because several minor events accumulated at the same geo-
graphical site might result in a significant risk.

ENVIRONMENT

POPULATION

fatalities injured

ground water air

ground water lakes rivers

railway entreprises highways main roads pipelines

substances OMA scenarios: 
flam./expl./tox.

substances OMA scenarios: 
flam./expl./tox.

financial values



4

29/09/0419/08/04, genevarisk-paper_enviroinfo2004_ru.doc

3. Results

3.1 Technical realization
Technically, a Spatial Database Engine (SDE) developed by the Environmental
System Research Institute (ESRI) was established to serve the various needs of dif-
ferent administrative units. Its maintenance falls under the responsibility of GCC.
The SDE server provides a variety of raster-based information such as satellite im-
ages, maps with different scales, and vector-based data, such as river and highway
datasets. Specific tools were developed to meet standard requirements of different
administrative units. Security aspects and personal data protection were taken into
account. The SDE server's conceptual framework makes it possible to selectively set
the access for each dataset. Consequently, there are separate sets of databases acces-
sible to the public, internal administrative units and cantonal agencies. An existing
Oracle database and application was extended for the purpose of this project to ad-
minister and maintain the data for all stationary facilities. All the calculations
needed are made within the application, in order to generate interactive FN-curves
(Frequency of N or more fatalities, as a function of N) of industrial facilities, and
several exports which are used to create visualisation models. Inside the database,
each industrial facility was subdivided into its storage units of dangerous chemicals.
The units are used for the geographical localizations and calculations.

The software ArcGIS was the instrument of choice in the implementation of the risk
assessment models and the visualization of the results. Geographic information sys-
tems (GIS) are especially important to maintain and to manage line based data and
information by means of dynamic segmentation. The implemented models reflect
the current state-of-the-art in chemical risk assessment. Interaction with chemical
engineers allowed us to adapt the GIS to the needs of this project.

3.2 Results and Visualization
Without visualization the results of this project would be hard to use, communicate
or explain. So visualization was one of the key goals. The following figures show
how risk assessment results may be illustrated6 (fig. 2).

                                                          
6 The illustrations are in black/white only for data protection reasons. The original color illus-
trations may be viewed by visiting the Geneva Labor Inspectorate, Environmental Affairs
(OCIRT) representatives.
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figure 2
Enterprises near the Vernier area with damage potential (the results are fictive).

3.3 Decision Support
Various instruments - like the visualization shown above – support decision making,
since the data base for the enterprises includes a feature that allows to plot each en-
terprise within a diagram of an FN-curve (Frequency of N or more fatalities, as
function of N) (fig. 3). Defined lines show immediately whether the enterprise is
causing major damage or not.
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figure 3
Example of a decision-making aid with projection of the calculated results on an

FN-curve plot for a chemical substance stored in a company.

4. Conclusion
Finally, the integration of regular databases, GIS, and at the same time well estab-
lished contacts with Geneva industry were the key factors in the success of the proj-
ect. OCIRT was provided with a means of visualizing and prioritizing areas of hu-
man and environmental hazards and risks. The projections could be shared with
other governmental units in the Canton of Geneva, e.g. land use management units.
The results calculated and visualized by means of GIS are an important instrument
of risk communication. Thus, the administration, industry and the public were in-
volved in the risk management process. We made an online information chart for the
public (http://www.sieng.ch). Inspections of industrial facilities conducted by
OCIRT were prioritized based on the Geneva Risk decision-support tool. Safety im-
provement measurements were evaluated. The partnership developed with the
authorities of the Canton of Zurich allowed us to minimize the cost of developing
and creating a unique methodological standard in the field of OMA implementation.
The results of risk assessment facilitated comparative analyses in the Cantons of
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Geneva and Zurich. It is expected that the risk comparison will lead to similar risk
assessments in other regions of Switzerland. Perspectives and future development of
the project will deal with the cartography of airport risks, biological risks and finan-
cial damage caused by industrial accidents.
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