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TOMIRIS

• Global model of 3D electron density
• Uses spherical harmonics (18th order)
• Vertical profile is parameterized
• 5-minute time resolution



TOMIRIS

• International Reference Ionosphere
(Bilitza et al. 2022)

• Used as a background model for
TOMIRIS

• Also defines the vertical
parameterization

• E-, F1- layers in TOMIRIS are the same
as the IRI



TOMIRIS

• Plasmasphere extension
• Uses the Neustrelitz Plasmasphere

Model (NSPM) (Jakowski and Hoque
2018)

• Electron density defined up past GNSS
satellite altitude



TOMIRIS

• Data assimilation model
• sTEC from 2000+ NTRIP-enabled

receivers worldwide
• GPS and Galileo, all available

combinations
• NmF2 and hmF2 from ionosondes



TOMIRIS Data Flow

• Operates as two interconnected
models

• Ultrarapid is the real-time
(RTS) model

• Rapid is the near-real-time
(NRT) model

• Share RINEX processing

• Rapid produces DCBs for both
models (Reid et al. 2024; Reid
et al. 2026)
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GNSS Positioning

• ZIMM (Switzerland)

• 46.8770946oN, 7.4652732oE

• Well instrumented, should be best-case
scenario for all models

• Used gLab (Hernandez-Pajares et al.
2010) on each RINEX daily observation
file.

• Single-frequency PPP
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GNSS Positioning

• In mean 3D error, TOMIRIS-derived
products perform comparably to IGS
Final product

• This is better than most other real-time
products

• In standrd deviation, TOMIRIS-derived
products again perform comparably to
IGS Final product

• Here the real-time IGS products tend to
perform better than other products



Jason vTEC

• Comparing TOMIRIS vTEC to
background model (essentially IRI)

• Consistent improvement with some
exceptions:

• South Pacific
• Equatorial Pacific



Jason vTEC

• Comparing TOMIRIS vTEC to IGS Final
Model

• More complicated behaviour:
• South Pacific and Equatorial pacific still

have issues
• Midlatitude performance generally

better for TOMIRIS



Jason vTEC - Comparison to IGS Products

Product Bias RMSE Std

TOMIRIS Rapid (1340 km) 1.78 8.09 7.90
TOMIRIS Ultrarapid (1340 km) 2.17 8.13 7.83
TOMIRIS Background (1340 km) 4.89 11.32 10.21

TOMIRIS Rapid (20 000 km) 5.27 9.67 8.11
TOMIRIS Ultrarapid (20 000 km) 5.70 9.96 8.17

IGS0FIN 6.98 8.32 4.53

IGS0RTS 3.49 10.38 9.77
IGS1RTS 3.32 9.43 8.83
CAS1RTS 11.76 85.72 84.91
CNE0RTS 2.18 12.47 12.28
WHU0RTS -0.04 13.68 13.68
UPC1RTS 4.24 12.30 11.55



DORIS dsTEC Residuals

• Both the TOMIRIS Rapid and Ultrarapid
models perform well

• Integrated to satellite altitude
• TOMIRIS shows less spread than IGS

products

• This is with all dsTEC data
• No elevation cuts
• CryoSat-2, SARAL, Sentinel-3B, SWOT,

HY-2C, HY-2D, Jason-3, Sentinel-6A



DORIS dsTEC Residuals

• Integrated to GPS altitude (20 000 km)
the performance of TOMIRIS is similar to
the IGS0RTS

• Significant negative bias (models
overestimate dsTEC)

• Part of this overestimation comes from
plasmasphere!



DORIS dsTEC and Satellite Altitude

• dsTEC is dependent on the 3D
structure of the ionosphere

• Sorting mean bias by altitude
shows clear altitude dependence



DORIS dsTEC RMSE and Bias

Product Bias RMSE Std

TOMIRIS Rapid (sTEC) -0.31 7.07 7.06
TOMIRIS Ultrarapid (sTEC) -0.20 7.00 7.00
TOMIRIS Background (sTEC) -1.70 8.71 8.55

TOMIRIS Rapid (vTEC) -1.48 7.94 7.80
TOMIRIS Ultrarapid (vTEC) -1.59 7.97 7.81
TOMIRIS Background (vTEC) -3.41 10.59 10.03

IGS0FIN -1.98 6.39 6.08
UPC0RAP -1.09 5.10 4.98
CAS0FIN -1.57 6.96 6.78

IGS0RTS -1.38 7.97 7.85
IGS1RTS -1.31 7.39 7.28
CAS1RTS -2.44 31.65 31.56
CNE0RTS -0.86 8.81 8.77
UPC1RTS -1.36 7.19 7.06
WHU0RTS -1.25 11.42 11.35



Conclusions

• TOMIRIS is able to produce IGS-like products (with RMS) in real time
• Positioning performance is comparable to IGS Final products
• Jason-3 vTEC is slightly better than most other RTS products
• DORIS dsTEC is comparable to other RTS products

• Hoping to start the process to become an official Analysis Centre
• Unique technique would provide additional resilience in combined products

• Provides real-time receiver DCBs
• Could be extended to calculate satellite DCBS, GLONASS/Beidou/QZSS/SBAS
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