
Abstract
With its Planetary Space Weather Service (PSWS), the Europlanet-2020-RI 
Research Infrastructure (EPN2020RI) project is proposing a compelling set 
of databases and tools to that provides Space Weather forecasting 
throughout the Solar System. We present here the selected event transfer 
system (VOEvent). We describe the user requirements, develop the way to 
implement event alerts, and chain those to the 1) planetary event and 2) 
planetary space weather predictions. The service of alerts is developed with 
the objective to facilitate discovery or prediction announcements within the 
PSWS user community in order to watch or warn against specific events. 
The ultimate objective is to set up dedicated amateur and/or professional 
observation campaigns, diffuse contextual information for science data 
analysis, and enable safety operations of planet-orbiting spacecraft against 
the risks of impacts from meteors or solar wind disturbances. 
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Sciences Cases
Remarkable events in the Solar System and the role of 
amateur astronomers
• First shooting star seen from Mars (F. Selsis et al., Nature, 

2005) 
• Amateur astronomers see perseid hits on the Moon 
• Fiercest meteor shower on record to hit Mars via comet 
• Explosion on Jupiter spotted by amateur astronomers (A. 

Wesley)

Following an interplanetary shock throughout the solar 
system (down to Uranus!)
• Capturing the images of Uranus’s auroras resulted from a 

combination of good luck and careful planning. In 2011, Earth, 
Jupiter and Uranus were lined up so that the solar wind could 
flow from the Sun, past Earth and Jupiter, and then toward 
Uranus. (L. Lamy et al., GRL, 2012) 

• Input: solar or Solar Wind events;  
• Solar Wind Propagation tools 
• Output: Time of arrivals of interplanetary shocks, or high energy 

particle beam at planets or spacecraft in the solar system.

Teams that could take advantage of such predictions:
• Before 2016 

Smart 1, Rosetta, MEX, MAVEN, VEX, HST, MSL, Dawn 
• 2016-2020 

Exomars, Juno, HST/JWST, Solar Orbiter, Europa 
• After 2020 

BepiColombo, JUICE 

CDPP HelioPropa Tool
http://heliopropa.irap.omp.eu 

Other Science cases:
• Prediction of planetary magnetosphere size, shape and activity 

depending on Solar wind inputs 
• Prediction of radiation dose for a spacecraft at Jupiter (JUNO, 

JUICE) 
• Prediction of radiation dose for a manned module at Mars. 
• Sharing meteor shower observations (FRIPON project)

HELIO HFC (Heliophysics Feature Catalog)
http://voparis-helio.obspm.fr/hfc-gui 

VOEvent is a standardized language used to report observations 
of astronomical events; it was officially adopted in 2006 by the 
International Virtual Observatory Alliance (IVOA).  

A typical VOEvent message contains the following tags: 
• <who> - describing who is responsible (the author and the 

publisher) for the information contained in the message 
• <how> - a description of the instrumental setup on where the 

data were obtained 
• <what> - the data (such as source flux) associated with the 

observations of the event 
• <why> - inferences about the nature of the event 
• <wherewhen> - description of the time and place where the 

event was recorded. This draws from the Space-time Coordinate 
(STC) recommendation to the IVOA. 

A well-formed VOEvent message must validate against the 
VOEvent schema (.xsd). A valid message may omit most of the 
informational tags listed above, but since the creation of VOEvent 
messages is done automatically, most opt to transmit the fullest 
content available.

VOEvent

Adjustments for Solar  
and Planetary Sciences 

Reference Frame and Coordinates
Sky coordinates (Right Ascension and Declination)  for astronomy, 
Implemented in the VOEvent model.  
The <wherewhen> part of VOEvent is currently not fully usable for 
the variety of reference frames required for Solar System events.  

Target Name
<wherewhen> section needs capability to specify the only target 
name as a location. It can be a planet, a satellite, a comet, a 
moon, a spacecraft, a rover, etc. Standard names should be used 
here, such as IAU names for natural bodies. 

Location on target
Capability to specify the location using coordinate frame on a 
body, or in a reference frame related to a object in the Solar 
System.  

Time range from predictions
Capability to specify a time range, with a start and end time.  

Predictions
When dealing with predictions, the usage of the <how> and 
<why> section is proposed as follows: the <how> part covers tool 
or model used to derive the prediction; while <why> concerns the 
original event or observation used as input of how to derive 
prediction, as well as the possible threshold met on predicted 
parameters for issuing the event.  

VOEvent Data Model
Modifying the VOEvent data model (and XML schema 
implementation) to handle target names and target types as well 
as any Solar System coordinate systems is a task that requires 
coordination with several working groups of the IVOA. Before this 
is fully implemented, Solar System events specific parameters are 
handled inside the <What> part of VOEvent using the <group> 
capability of the VOEvent XML schema. We propose here a 
specific implementation solution to define Solar System 
parameters into VOEvents using the current Schema version 2.0. 

Event Catalog
VOEvent is a message sent once and with no persistent trace.
we use the VESPA infrastructure to store event metadata together with a 
link to the original VOEvent XML file.  

Each event will be referred to with its ivorn identifier, which must be 
unique. Each VOEvent author source have a dedicated EPNcore 
metadata catalogue table reachable with TAP (Table Access Protocol),  
following VESPA (Virtual European Solar and Planetary Access) 
recommendation. 

Look for meteor shower at Mars during the full 2020 year. The 
corresponding ADQL ?) query would be:  
SELECT * FROM meteor_shower.epn_core WHERE shower_year = 
’2000’ AND 160 target_name = ’Mars’ 
and should sent to the TAP service access point (see Table below). The 
EPNcore metadata catalogue table contains the standard EPNcore 
keywords as well as extra parameters related to the VOEvent specificities. 
In the example shown above, the target_name keyword is part of the 
EPNcore stan- dard, whereas shower_year is specific to the 
meteor_shower PSWS service.  

  

Table. Examples of prototype VOEvent EPN-TAP services  

Service Title Schema Name TAP Server Access URL

Meteor Shower on Planets meteor_shower http://voparis-tap-voevent.obspm.fr/tap

Space-Weather Forecast rwcalerts http://vespa.cbk.waw.pl/tap 

Example Implementations
Meteor Showers on Planets 
Meteor Shower Prediction code developed at IMCCE. Celestial 
mechanics models to predict the occurrence of meteor showers at 
various planets.  
Ephemeris produced by simulating the ejection of meteoroid from the 
sunlit hemisphere of cometary nuclei, typically from 0 to 3 AU, followed 
by the propagation of orbits of meteoroids in the Solar System, taking into 
account the gravitation of the Sun, the 8 planets, Pluto and the Moon, as 
well as the radiation pressure and the Poynting-Robertson drag. The 
showers are predicted when a planet enters a large enough number of 
meteoroids, at a distance less than typically 0.01 AU).  

Alternate <WhereWhen> section: 

Space-Weather Forecast 
The International Space Environment Services (ISES) is a space weather 
service organization currently comprised of 16 Regional Warning 
Centers, which main objective is to provide services to the scientific and 
user communities within their own regions. 

Polish RWC Warsaw sends alerts through http and email protocols with 
traditional codes and human readable text messages, created by the 
Heliogeophysical Prediction Service Laboratory.  

The database of RWC Warsaw VOEvent is available through the web 
page http://helgeossa.cbk.waw.pl/DATA/rwc/alerts/ and an EPN-TAP 
service for a posteriori data mining. 

Prediction of Solar Wind Parameters 
This prediction tool is developed by the IRAP/CDPP team (Toulouse).  
- 1D-MHD propagation code developed by C. Tao (Japan).  
- in-situ measurements of Solar Wind parameters in the Earth vicinity, as 

available from the OMNI website (http://nssdc.gsfc.nasa.gov/ 
omniweb/).  

Currently: VOTable files for registered users, sent by email. VOEvent 
prototype under development. 

Optical Detection of Meteors and Transient Luminous Events  
Optical counterparts of atmospheric transient events are subject of 
observation and investigation of a growing community (professional and 
amateur observation networks).  

VOEvent for meteors and Transient Luminous Events (TLEs): large-scale 
optical events occurring in the upper- atmosphere from the top of 
thunderclouds up to the ionosphere. They are sometimes accompanied 
by terrestrial gamma-ray flashes (TGFs).  
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