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Summary 

This deliverable is to summarize and document the development of the operational earthquake 
forecast services for Switzerland, Italy, and Europe. At the core of these operational services is 
RT-RAMSIS (Real Time Risk Assessment and Mitigation for Induced Seismicity) software, de-
signed, customized, and developed within the project, along with other operational tools to deliver 
results for general use. 
 
 

1. RT-RAMSIS Overview 

 
The enhanced software RT-RAMSIS (Real Time Risk Assessment and Mitigation for Induced Seis-
micity) is the core of the system developed within the RISE project. Leveraging the diverse range 
of forecast models created in Work Package 3, with RT-RAMSIS allows to establish a modular and 
adaptable framework. This framework will facilitate the seamless integration of one or multiple 
OEF codes for a specific region or country, enabling the construction of dynamically weighted 
ensemble models (as outlined in WP3). The results will be effectively displayed and broadcasted, 
either in a web-platform or stand-alone solutions such as Jupyter notebooks. 
 
RT-RAMSIS package is designed to run, configure, and orchestrate Seismicity Forecast Models 
(SFMs). A SFM is a model that takes input data such as an earthquake catalogue, other data 
(seismogenic sources, active faults) or information (i.e., completeness) that may be incorporated 
by a model, and produces forecast seismicity rates for selected periods of time. The earthquake 
forecast is spatially and temporally variable, and it can be represented may be discretized mag-
nitude and recurrence rates at specific locations. Optionally the forecast may be provided as a 
stochastic catalogue, or parameters describing the statistical probability of an event occurring. 
 
The package is a python-based software that has the following main dependencies: 
  

• SQLAlchemy: The SQLAlchemy ORM (object relational mapper) is used to load, save and 
interact with database entries as python objects. 

• GeoAlchemy2: This adds spatial capabilities to the PostgreSQL database used. 
• Prefect: This is a workflow orchestrator that is used for scheduling and managing tasks. A 

server and agent are run separately in the background to manage the running of forecasts. 
• Marshmalow: takes care of the conversion of data between sqlalchemy objects and json 

format when data is transferred via web service 
• Typer: is used for the command line interface. 
• Ramsis.utils: is a library share with other RT-RAMSIS based software that provides cross-

application functions (https://gitlab.seismo.ethz.ch/indu/ramsis.utils). 
• Ramsis.datamodel: is a library that provides the SQLAlchemy datamodel and serialization 

functions:  
https://gitlab.seismo.ethz.ch/indu/ramsis.datamodel/-/tree/feature/48-restructure  

 
A seismicity model worker must also be running which allows remote running of a seismicity model 
on demand by RT-RAMSIS. This requires the following to be running on a machine with hardware 
appropriate to the level of usage required by the model: 

• A ‘model worker’ web service (https://gitlab.seismo.ethz.ch/indu/ramsis.sfm.worker/-
/tree/feature/rise_updates). 

• A model available in the same environment as the web service is running in. In this in-
stance, we are using the ETAS model code (https://github.com/swiss-seismological-ser-
vice/etas). 

• A ‘model wrapper’ which translates data to the format required by the model and also 
results into the format required by RT_RAMSIS 
(https://gitlab.seismo.ethz.ch/indu/ramsis-nsfm/-/tree/main) 
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The solutions to these challenges will become clearer as RT-RAMSIS is used more widely. 
 
As stated before, RT-RAMSIS was initially designed for induced seismicity models, however the 
transition from induced to natural seismicity is not a great leap. The software now handles both 
cases with a simple set of configuration parameters. 
   

1.1 Operation Setup 

The most recent code that we are using for this project is on a branch that is currently in the 
review process, so throughout the document links have been given referring to this branch 
‘ramsis2-0’. When this branch has been merged in the coming weeks, it will exist on the ‘main’ 
branch. 
 
When the GitLab branch is finalized and is running stably, the main branch will be tagged to 
indicate a release of the code. This ensures that a specific version of RT-RAMSIS is being used by 
creating a snapshot of the code, and this is that pattern that will be followed for all upcoming 
releases. 
 
Other dependencies such as ramsis.datamodel and ramsis.utils will also be tagged specifically for 
this project. 
 

1.2 Documentation 

The readme of RT-RAMSIS is provided at the following address: 
https://gitlab.seismo.ethz.ch/indu/rt-ramsis/-/blob/feature/ramsis2-0/README.md 
 
The installation instructions are described, and an overview of the configuration and running is 
given. For more details about the software and RISE specific developments, refer to Deliverable 
8.6. 
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2. RT-RAMSIS Configuration for ETAS (Epidemic-Type After-
shock Sequence) algorithm 

 
The following describes setting up the configuration used by RT-RAMSIS for running the ETAS 
Epidemic-Type Aftershock Sequence model for Switzerland. The configuration for the project is in 
the following folder: 
 
https://gitlab.seismo.ethz.ch/indu/rt-ramsis/-/tree/feature/ramsis2-0/rise/config 
 
This contains three configuration files which are configured for operational running of a single 
model on a daily schedule. The configuration parameters are described in the readme.md on the 
repository. In the following file, some simple commands are given to set up a model, project and 
forecast series.  
 
The paths used are specific to the ramsis-rise.ethz.ch machine setup, and a different user will 
need to modify these: https://gitlab.seismo.ethz.ch/indu/rt-ramsis/-/blob/feature/ramsis2-
0/rise/setup_rise.sh , where some simple commands are given to set up a model, project and 
forecast series. The paths used are specific to the ramsis-rise.ethz.ch machine setup, and a dif-
ferent user will need to modify these. 
 

 
Figure 1: An example of ETAS configuration parameters for Switzerland 

 
This file can be run as described in the file itself. 
 

2.1 Configuration specifics for ETAS 

• The area of interest for forecasts is defined as a bounding box around Switzerland. This is 
defined in the forecast series config as the ‘geometryextent’ 

• The time that forecasts will run is at 5.00 UTC which is defined in the ‘starttime’ 
• The period of time being forecast for is approximately 1 years (assuming 1 year has 365 

days) and is described in seconds in the ‘forecastduration’ parameter. 
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• The model is defined by the URL on which the ramsis-sfm-worker is running, and the 
module and class name of the model entry point. 

• The configuration given to the model is stored in the ‘config’ parameter. This is defined as 
a nested dictionary which provides all the configuration parameters required to run the 
ETAS model successfully. 

• Tags are stored on the models and the forecast series. This defines which models will be 
run for a series of forecasts. The model must contain at least one of the same tags as on 
the forecast series to run the model. These tags can be updated on the forecast series or 
the model at any time in the future, so more models be run with little effort. 

• Catalogs will be used from the http://arclink.ethz.ch/fdsnws web service. 
• The ETAS model will be run with two sets of configuration parameters. One set of 

parameters will calibrate the model between 2010-2012 with a magnitude of completeness 
(mc) of 1.8. The other configuration will calibrate the model between 1992-1997 with an 
mc=2.3. 

 
These specifics are subject to change under the guidance of author scientists and stakeholders. 
Any change to the configuration will be version controlled. 

 

3. Operational Earthquake Forecasting for Italy and Europe  

 
A similar setup can be used for running models for different regions. 
 

3.1 RT-RAMSIS setup for further models and regions. 

 
The same installation of RT-RAMSIS would be used to run forecasts under a new ‘project’ and the 
FDSNWS that would be used for these regions are: https://gitlab.seismo.ethz.ch/indu/ramsis-nsfm 
 
A new virtual machine will be setup for this model. These models should be started at the same 
time for direct comparison of results, and multiple models on the same VM may create competition 
for resource. Daily running of these new models is also proposed. 
 
 

3.2 Italy 

The OEF Italy system (Marzocchi et al., 2014) is aimed at estimating, in real time, the probability 
of occurrence of seismic events and ground shaking in Italy. These estimates are expressed in 
terms of weekly probabilities of occurrence (i.e., in the week following the time instant in which 
the calculation starts) in the cells of an equally spaced grid (0.1° x 0.1°), covering the entire 
national territory, excluding Sardinia and Etna region. De facto, the forecasts may be strongly 
affected in the Etna area, due to the particular tectonic structure, which would require the use of 
ad hoc algorithms. The exclusion of Sardinia is due to the negligible seismicity of the area and the 
poor local coverage of the seismic network. 
 
The OEF Italy forecasting scheme consists of an ensemble of forecasts produced by three different 
clustering models, two different flavors of ETAS, and one STEP model. The ensemble modeling 
weighs the forecasts of each single model according to its past forecasting performance and allows 
proper estimation of the epistemic uncertainty that is of paramount importance for testing (17) 
and for communicating uncertainties to the decision-makers. 
 
Each OEF Italy run produces five kind of forecasts (that are mapped on the Italian region):  
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• probability of occurrence of one or more seismic events with ML>=4.0 and ML>=5.5 (ML, 

local magnitude) in each cell of the spatial grid. 
• probability of occurrence of one or more seismic events with MMI>=VI, MMI>=VII and 

MMI>=VIII (MMI, modified Mercalli macroseismic intensity) in each cell of the grid.  
 
These forecasts are generated every day (at 00:00) and immediately after one or more earth-
quakes (if entered in the database in a time interval of less than 15') of magnitude ML>=3.5.  
 
OEF Italy also produces the forecasts in each spatial region that has been selected by the end-
user. It also allows you to graph the time trend of the probabilities described above, for a single 
cell or for a larger area defined by the user. The probability estimates displayed run from April 16, 
2005. 
 
The reliability of the estimates produced can be significantly reduced immediately after a strong 
event (ML>=5.5), due to the increase of the magnitude detection threshold of the seismic network 
and the consequent incompleteness of data in the seismic catalogue. In particular, the probabili-
ties produced in the days immediately following the event could be affected by an underestima-
tion. So far, these forecasts have been revised and updated by operators in the first hours after 
a major earthquake.   
 
The estimated probabilities may be subject to local instantaneous variations, more visible in the 
maps relating to the ML parameter, not directly attributable to the real occurrence of seismic 
events. They derive from random fluctuations intrinsic to the stochastic models used and do not, 
however, lead to a significant alteration of the expected probability. 
 
It is possible to visualize the data produced through a graphical interface, which can be queried 
by the user. 
 

3.3 Switzerland  

The WP3/WP8 teams at ETH Zurich developed and tested an earthquake forecasting model for Swit-
zerland as part of the RISE project (Mizrahi et al. 2023, in prep.). This earthquake forecast model 
aims to broaden its approach to earthquake forecasting in Switzerland in order to supplement the 
current time-independent (i.e. long-term) earthquake forecasts (see SUIhaz2015). Earthquakes 
typically occur in clusters, resulting in significant temporal fluctuations in their rate that are not 
reflected in such long-term forecasts. The goal of the Operational Earthquake Forecasting (OEF) 
project is to provide operationally updated earthquake probabilities that take into account both re-
cent and long-term data. This new model will form the foundation of the operational services for 
earthquake forecast in Switzerland. 

3.4 Europe 

Similarly with the efforts for generating an earthquake forecast model and service for Switzerland, 
a pan-European forecast model was also initiated during the RISE project. This ETAS based model 
is calibrated using the European earthquake catalog used in the development of the 2020 Euro-
pean Seismic Hazard Model (i.e, ESHM20, Danciu et al., 202). Calibration was performed utilizing 
the Python library developed by Mizrahi, Schmid, and Han (2023), which can in theory be used to 
calibrate basic ETAS models on any given earthquake catalog. This model will be the reference 
model to begin with the operational phase of the OEF across the Euro-Mediterranean region. 
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4. Cassandra – an OEF System for Italy  
 
Within the WP8 activities, the OEF system was installed and tested as an alternative system for 
assessing the earthquake forecast in Switzerland.  
 
An example of the forecast for Switzerland is given in Figure 2. Cassandra package (OEF Italy) was 
installed at ETH Zurich, adapted for use in Switzerland. The package consists of a compilation of 
codes written in different languages, Fortran90, MATLAB and Python. The code is maintained and 
developed by the INGV Italy.  

 
Figure 2: Display of the Operational Earthquake Forecast for Switzerland 

  

5. Running the Operational Forecast 
 
A forecast series has been set up and scheduled, which will run automatically on a daily basis. 
The earthquake forecasts will continue running until stopped by the user. 
 
Further commands used to control the forecasts being run and to view information about them 
can be found in the readme at: https://gitlab.seismo.ethz.ch/indu/rt-ramsis/-/tree/fea-
ture/ramsis2-0 
 

5.1 Operational running 

The RT-RAMSIS software has been set up on the virtual machine: ramsis-rise.ethz.ch 
Dependencies such as the prefect server and agent which are used for scheduling are set up with 
supervisord (http://supervisord.org).  
 
This is a system and service manager that handles the running of the services in the background 
of the VM and restarting the services on failure and logging. 
 
The PostgreSQL database is provided by a docker container, which uses a docker volume to persist 
data. This has the benefit of being easy to backup or migrate if it is required. This database is 
initialized on the first ramsis command that is run. 
 



RISE – Real-Time Earthquake Risk Reduction for a Resilient Europe 

 

24.5.2023 9 

The ramsis-sfm worker has been setup on the virtual machine ramsis-nsfm-dev.ethz.ch  on port 
5007.  
 
This ‘development’ machine will be used to further determine the full requirements of running the 
ETAS and further similar models in operational mode for this project.  
 
These requirements include disk space, RAM and parallel processing requirements. This infor-
mation gathering will lead to setting up a further virtual machine which will be named ramsis-
nsfm.ethz.ch which provides a means to test bug fixes and new releases in the future, as well as 
redundancy in running the software. 
 

5.2 Operational Logging 

Logging of the earthquake forecast runs is stored at ramsis-rise.ethz.ch:/home/ramsis/repos/rt-
ramsis/ramsis.log 
 
Where the log level captured is INFO. This logging is captured by the prefect agent which runs the 
forecast, and captures stdout and stderr from RT-RAMSIS.As well as logging errors produced by 
the model worker. 
 
Logging of the prefect engine can be found at ramsis-rise.ethz.ch:/home/ramsis/repos/rt-
ramsis/prefect_server.log which will log information relating to the failures and clean-up of pre-
fect flows. 
 
This should also capture any errors given by RT-RAMSIS and errors captured by the model worker. 
 
Logging of the model can be found at ramsis-nsfm-dev.ethz.ch:/home/ramsis/re-
pos/ramsis.sfm.worker/app.log 
 

5.3 Operational Backup 

Backup of the database is easily managed by creating an archive of the docker volume that stores 
the data from the PostgreSQL container. This archive is stored as a tarball and can be easily 
restored. The requirements of how frequently to back up the database will become clearer as the 
volume of data stored and how long it would take to reproduce becomes known. 
 
One of the benefits of RT-RAMSIS is that all the forecasts that have been made are reproducible 
given that the data sources are available. 
 
 

5.4 Testing 

A full end-to-end test is provided in the RT-RAMSIS testing suite. This provides data and mocks 
the various web services that are required for a forecast to complete successfully. To run the 
tests, navigate to the RAMSIS directory and run ‘pytest’. 
 
As much of the code has recently been changed to meet updated requirements, unit tests are 
not yet available. 
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5.5  Results and Visualization 

 
While there are no web-based visualizations available yet, the results are freely accessible through 
the ramsis web service at http://ramsis-rise.ethz.ch:8000/v1. 
 
Since the webservice, like the rest of the software, is still in review, there is no official documen-
tation available yet. To show and explain the results from the OEF system there has been a Jupyter 
Notebook created which shows many different aspects of the platform as well as the options and 
possibilities which are created by this system. 
 
The notebook is called ‘oef_switzerland.ipynb` (screenshot in Figure 3) and is available, including 
a small readme, here: 
https://gitlab.seismo.ethz.ch/indu/ramsis-ws/-/tree/main/examples  
 
The Visualizations are based on the ones described in Deliverable 8.6. All further discussion con-
cerning the results, including ensemble models and testing, is done in that notebook. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Daily earthquake probabilities of M≥2.5 and M≥5.0 for Switzerland (demonstrator only) 
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RT-RAMSIS Dependencies 

lxml>=3.3.3 
marshmallow 
numpy>=1.22.3 
obspy>=1.3.0 
PyOpenGL>=3.1.1a1 
PyQt5 
python-dateutil>=2.8.0 
PyYAML>=5.1.1 
ramsis.datamodel @ git+https://gitlab.seismo.ethz.ch/indu/ramsis.datamodel.git 
ramsis.utils @ git+https://gitlab.seismo.ethz.ch/indu/ramsis.utils.git 
requests>=2.18.4 
transitions==0.6.9 
prefect==0.15.10 
pyproj>=3.2.1 
psycopg2==2.8.3 
jinja2 
xmltodict 
sqlalchemy>=1.4 
typer 
python-dotenv 
 

RT-RAMSIS Copyright 

Copyright (c) 2015-2018, Swiss Seismological Service, ETH Zurich and Geo-Energie Suisse AG, 
Zurich 


