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SWIGPAD and GPI

• Space Weather Impact on GNSS Performance: 
Application Development (SWIGPAD) - project
created GNSS performance indicators (GPI)

• GPI combines multiple space weather data into 
a simple indicator value

• Data is available in ESA Space Weather 
Service Portal (ESA SWE)
https://swe.ssa.esa.int/

• Object of GPI is to simplify space weather 
products for user friendly format
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GPI source data

• The source data used for GPI is available from the ESA SWE portal

• Scintillation indices: S4, σφ

• Total Electron Content (TEC)

• Rate of change of TEC (ROT)

• Rate of change of TEC index (ROTI)

• Geomagnetic activity (Kp)
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Data providers

• German Research Centre for Geosciences (GFZ)

• German Aerospace Center (DLR)

• Institute of Space Science Romania (ISS Romania)

• Swedish Institute of Space Physics (IRF)

• Norwegian Mapping Authority (NMA)
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GNSS Scintillation

• Amplitude scintillation S4

• Phase scintillation σφ
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Total Electron Content (TEC)

• Europe TEC

• Europe TEC forecast

• Global TEC

• Global TEC forecast
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Total Electron Content (TEC)

• Swarm TEC

• Swarm ROT
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Global geomagnetic activity (Kp)

• 3h Kp index

• Kp forecast
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User groups

• ESA has identified 6 groups of GNSS users

• GPI is calculated for the user groups differently depending on the 
group interest and which parameter is more valid for it

• In future the scaling could be modifiable by user
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GPI parameters

• User group (1-6)

• Location (latitude and longitude)

• Datetime or timeseries (max 6 points)

• Advanced:
• Satellite constellations (GPS, GLONASS, Galileo, BEIDOU, QZSS)

• Coordinate error accuracy (North, East, Vertical)

• Positioning error probability confidence level (sigma)
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GPI GUI at ESA SWE

• Available at ESA SWE (Login required)
https://swe.ssa.esa.int/

• Expert Service Center -> Ionospheric Weather -> Contributions -> 
DLR
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GPI GUI at ESA SWE
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GPI with SWIGPAD API

• GPI is also available from an API (Requires login token)
https://swigpad.impc.dlr.de/api/v1/

• Add token in POST cookies and request parameters in POST data

• Returns data in json format
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Use case: GPI timeseries

• Use case when user is only interested of a single point information

• Single API call can have max 6 timesteps

• Continuous monitoring requires multiple API calls with modifying the 
time start and stop parameters
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Use case: GPI map 

• Users that have interest for monitoring broad range of coordinates

• Each map point requires a call, thus parallel calls are recommended

• Map resolution for GPI is related on the source data resolution

• TEC resolution is higher compared to Kp or scintillation

• Using timeseries allows 6 maps to be created at the same time
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2023-09-19 Kp 5+
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Conclusions 

• The GPI combines a variety of data affecting the GNNS and 
provides a simple traffic light approach for GNSS precision

• The GPI and its source data are available at ESA SWE portal

• 6 predefined user cases that weight the source data differently

• The SWIGPAD API can be used to customize the GPI presentation 
for example long time variability and maps
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Thank you!
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Source data classifications
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