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WORKSHOP TOMIRIS Ultra Rapid v1.1.1 - 2026/05/08, 13:40:00 (UTC)

¢ Global model of 3D electron density
® Uses spherical harmonics (18th order)
® Vertical profile is parameterized
® 5-minute time resolution
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¢ |nternational Reference lonosphere -
(Bilitza et al. 2022) .
® Used as a background model for .
TOMIRIS g 2l
¢ Also defines the vertical }’ frtormeias (0]
parameterization }HBR
® E-, F1-layers in TOMIRIS are the same
as the IRI
Bhy BIRMINGHAM SERENE R
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TOMIRIS Plasma Density
12.4
¢ Plasmasphere extension 11.8
® Uses the Neustrelitz Plasmasphere 112 _
Model (NSPM) (Jakowski and Hoque 10.6 I
2018) 100 4
* Electron density defined up past GNSS %24 2
()
satellite altitude 88 =
8.2
7.6
7.0
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Global NTRIP-Enabled GNSS Receivers

1000 >
e Data assimilation model e &%
‘Q-ch
® sTEC from 2000+ NTRIP-enabled 30 2E
. . 10 gg
receivers worldwide I
¢ GPS and Galileo, all available 1 2

combinations
¢ NmF2 and hmF2 from ionosondes

NRT Availability
(% of days)
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TOMIRIS Data Flow

Ivgcﬁ“"op NTRIP 00
NTRIP 01
NTRIP 02

e QOperates as two interconnected

modets :
¢ Ultrarapid is the real-time
(RTS) model NmF2
I g T hmF2
* Rapid is the near-real-time ]
(NRT) model (Ultrarapid Model Rapid Model
e Share RINEX processing
e Rapid produces DCBs for both ’Background Ne‘ ’Background Ne‘
models (Reid et al. 2024; Reid RIS NPOM

et al. 2026)
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Derived lonosphere Products

1.8 TONOSPHERE MAPS GNSS TOMEX VERSION / TYPE
TOMIRTS UR v1.1.1  SERENE 2026-85-02T02:19:09 PGM / RUN BY / DATE
This TONEX Global Ionospheric Map is generated using the  DESCRIPTION
output of the TOMIRIS Ultra Rapid v1.1.1 ionospheric data DESCRIPTION
assimilation model. This model assimilates slant Total DESCRIPTION
Electron Content measurements directly to produce a 3D DESCRIPTION
jonospheric state. The TEC map in this file is produced by DESCRIPTION
vertically integrating the model electron density from @ km DESCRIPTION
to 20 860 km. The shell height is defined as the altitude DESCRIPTION

IGS :

WORKSHO

where an equal amount of TEC is above and below. DESCRIPTION
serene.bham.ac.uk | Dr. Benjamin Reid | b.reidgbham.ac.uk  DESCRIPTION
06 1 13 @ @ EPOCH OF FIRST MAP
26 1 14 @ @ EPOCH OF LAST MAP
3.0 INTERVAL
289 # OF MAPS IN FILE
MODEL METADATA COMMENT
1 model time 2626-01-13T00:00:60.000006000 COMMENT
F107: 112.4 source: fluxtable.nc COMMENT
F107_365: 146.3 source: fluxtable.nc COMMENT
F107_81: 147.9 source: fluxtable.nc COMMENT
1612: 92.46451612003226 source: ig 2025.nc COMMENT
NPSMFlux: 112.4 source: fluxtable.nc COMMENT
Rz12: 150.5041095898411 source: EISN_current.nc COMMENT
Modip: IGRF COMMENT
SINEX_file: GFZBOPSRAP_2026106000 61D 01D DCB.BIA.gz COMMENT
2 model time 2626-01-13T00:05:60.080008000 COMMENT
1612: 92.46465053763441 source: ig 2025.nc COMMENT
3 model time 2026-91-13T00:10:09.000000000 COMMENT
VTEC (TECu) 1G12: 92.46478494623656 source: ig 2025.nc COMMENT
4 model time 2026-01-13T6@:15:00. 200060000 COMMENT
1G12: 92.46491935483871 source: ig 2025.nc COMMENT
5 model time 2026-91-13T00:20:00 COMMENT
1G12: 92.46505376344086 source: ig COMMENT
UNIVERSITYOF 6 model time 2026-01-13T00:25:00.000000000 COMMENT
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e ZIMM (Switzerland) ; glLab SF-PPP Position Error Comparison ZIMM
® 46.8770946°N, 7.4652732°E 5‘;
e Well instrumented, should be best-case 5 2r
scenario for all models i A S
e Used gLab (Hernandez-Pajares et al. o
2010) on each RINEX daily observation . Ol
file. Bust
¢ Single-frequency PPP ;::

202504 2025.05 2025-06 2025-07 2025-08 2025-09 202510 2025-11 202512 2026:01 2026-02
@ UPCORAP @ BHMINRT

@ IGSOFIN BHM1RTS
@ IGSORTS
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e ZIMM (Switzerland) glLab SF-PPP Position Error Comparison ZIMM

® 46.8770946°N, 7.4652732°E 5“ ) ..

e Well instrumented, should be best-case 5 2f i 4 f'-?
2t S8 .gig' .m Wiy

scenario for all models

202504 2025-05 202506 2025-07 2025-08 2025-09 2025-10 2025-11 2025-12 2026-01 2026-02

¢ Used glLab (Hernandez-Pajares et al.

2010) on each RINEX daily observation T
file. Fust ‘
¢ Single-frequency PPP g::

202504 2025-05 202506 2025-07 2025-08 2025-09 2025-10 2025-11 2025-12 2026-01 2026-02
@ CASIRTS @® UPCIRTS
CNEORTS @ WHUORTS
@ IGSORTS BHM1RTS

@ |GSIRTS
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e |n mean 3D error, TOMIRIS-derived glLab SF-PPP Position Error 95th Percentiles
products perform comparably to IGS
Final product

® This is better than most other real-time
products

¢ |n 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

Mean 3D Error (m)
ok N w & w
T

ZIMMOOCHE RGDGOOARG TLSGOOFRA AUCKOONZL

Std 3D Error (m)
=
o
T

ZIMMOOCHE RGDGOOARG TLSGOOFRA AUCKOONZL

- IGSOFIN W CASIRTS mmm IGS1RTS . UPCIRTS s BHMI1RTS
mmm UPCORAP W IGSORTS ~ mmm CNEORTS ~ mms WHUORTS  mmml BHMINRT
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m Jaso n VT E C TOMIRIS vs background — RMS by MLT

IGS MLT 0.0-3.0 h LT 3.0-6.0 h 20
WORKSHOP T = —

15
e Comparing TOMIRIS vTEC to e 05 —
background model (essentially IRI) M R ?
¢ Consistent improvement with some 5
exceptions:
® South Pacific °
® Equatorial Pacific s
-10
-15
BhJ BIRMINGHAM SERENE
g -20
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m Jaso n VT E C TOMIRIS GPS vs IGS final product — RMS by MLT

IGS MLT 0.0-3.0 h

MLT 3.0-6.0 h 20
== — T ——
WORKSHOP w

7
P> @ﬁ?g\'

e Comparing TOMIRIS vTEC to IGS Final
Model
* More complicated behaviour:

® South Pacific and Equatorial pacific still
have issues
* Midlatitude performance generally

-5
better for TOMIRIS
-10
-15
=9 UNIVERSITYOF
’fmi BIRMINGHAM SERENE
' -20
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Deviation of TEC products from JASON3 data

Product Bias RMSE Std

TOMIRIS Rapid (1340 km) 178 | 809 | 7.90 100000 4 /1 o Toma N
217 | 813 | 7.83 = lesorn

TOMIRIS Background (1340 km) 4.89 11.32 10.21 50000 4 TOMIRIS JASON mean

TOMIRIS Rapid (20 000 km) 5.27 9.67 811 |l i oPS mean

TOMIRIS Ultrarapid (20 000 km) | 570 | 9.96 | 8.7 oooood AL IGSORTS mean

IGSOFIN 6.98 | 832 | 453

IGSORTS 349 | 1038 | 977 500004

IGS1RTS 332 | 943 | 883

CAS1RTS 11.76 | 8572 | 84.91 0 ‘ , , : :

CNEORTS 218 | 1247 | 12.28 -3 -20 -10 O 10 20 30

WHUORTS 004 | 1368 | 13.68 Deviation (TECU)

UPC1RTS 424 | 1230 | 1155
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DORIS dsTEC Residuals
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1e6 DORIS dSTEC Residuals, all satellites

12 H

¢ Both the TOMIRIS Rapid and Ultrarapid H
models perform well Lor
* Integrated to satellite altitude
* TOMIRIS shows less spread than IGS
products

e This is with all dSTEC data

* No elevation cuts
® CryoSat-2, SARAL, Sentinel-3B, SWOT,
HY-2C, HY-2D, Jason-3, Sentinel-6A

e F — IGSOFIN  —— TOMIRIS Rapid (STEC)
%II?C gﬁgl‘\ﬁ}\}(s}gm SERENE —— IGSORTS TOMIRIS Ultrarapid (STEC)

SANTIAGO - CHILE www.igs-workshop-2026.com

—m




DORIS dsTEC Residuals
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1e6 DORIS dSTEC Residuals, all satellites

12F

¢ Integrated to GPS altitude (20 000 km) Lol l
the performance of TOMIRIS is similar to ' I;
the IGSORTS

¢ Significant negative bias (models
overestimate dsTEC)

® Part of this overestimation comes from
plasmasphere!

2 3 4
T F — IGSOFIN  —— TOMIRIS Rapid (VTEC)
Bl gﬁg&%ﬁggm SERENE —— IGSORTS TOMIRIS Ultrarapid (VTEC)
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DORIS dsTEC and Satellite Altitude
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1400 _DORIS dSTEC
[ _J o @ |
e dsTEC is dependent on the 3D BT
structure of the ionosphere £ 1200t
e Sorting mean bias by altitude S ool
shows clear altitude dependence 2 w00
1000 -
2 S %% % L
£ s00f
n ° LX) mm
800} ® %o 00%°° am ¥
sl ® eee . , mm
-2.5 -2.0 -1.5 -1.0 -0.5 0.0
Mean Error (TECU)
N B TOMIRIS Rapid (sTEC) TOMIRIS Ultrarapid (VTEC)
A UNIVERSITYOF ERENE TOMIRIS Ultrarapid (STEC) @  IGSOFIN
#*y BIRMINGHAM | =5 SVmew ® TOMIRIS Rapid (VTEC) ® IGSORTS
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A/Y\ DORIS dsTEC RMSE and Bias

IGS DORIS dSTEC: all satellites
WORKSHOP 20
Product Bias RMSE Std 515
[}
TOMIRIS Rapid (STEC) 031 | 707 | 706 E .
-0.20 | 7.00 7.00 i Wi M
z 5L Ay I%M ¢
TOMIRIS Background (sTEC) -1.70 8.71 8.55

TOMIRIS Rapid (VTEC) -1.48 7.94 7.80 1 1 1 1 1 1 1 L 1 I I

2025-04 2025-05 2025-06 2025-07 2025-08 2025-09 2025-10 2025-11 202512 2026-01 2026-02
-1.59 7.97 7.81

TOMIRIS Background (VTEC) | -3.41 10.59 10.03

IGSOFIN 198 | 639 | 6.08
5|
UPCORAP 109 | 510 | 488 -
CASOFIN 157 | 696 | 678 & | \:;:”
IGSORTS 138 | 797 | 785 & '*“"“"M i
IGSTRTS 431 | 739 | 728 st wim \
CAS1RTS 244 | 3165 | 31.56 1
2025-04 2025-05 2025-06 2025-07 2025-08 2025-09 2025-10 2025-11 2025-12 2026-01 2026-02

086 | 881 | 877
UPC1RTS 136 | 7.19 | 7.06 T Cvtorte e vinuonrs
WHUORTS _1 25 11 42 11 35 —&— NRCORTS TOMIRIS Ultrarapid (VTEC)
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Conclusions
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e 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

Zgm UNIVERSITYOF | =0 >
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