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IGS Real-Time Ionosphere Service

► IGS provided real-time global ionospheric maps (RT-GIMs) 

► RTACs generating RT-GIMs increased from 4 to 5 by May 2026: CAS, CNES, UPC, WHU & NRCan

► RT-GIMs available in both RTCM-SSR and IGS-SSR formats

► UPC provided the first IGS combined RT-GIM in 2019 (RTCM-SSR)

► UPC and CAS have provided two independent combined RT-GIMs since 2022 (IGS-SSR)
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IGS Real-Time Ionosphere Service

► IGS provided real-time global ionospheric maps (RT-GIMs) 
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RTACs Caster Mountpoint Interval

CAS* products.igs-ip.net:2101 SSR?00CAS1 60s

CNES products.igs-ip.net:2101 SSR?00CNE1 60s

UPC products.igs-ip.net:2101 IONO00UPC1 15s

WHU products.igs-ip.net:2101 IONO00WHU1 60s

NRCan products.igs-ip.net:2101 IONO00NRC1 60s

UPC-combined products.igs-ip.net:2101 IONO00IGS1 15s

CAS-combined* products.igs-ip.net:2101 IONO01IGS1 60s

*RT-GIM in IONEX format available from CAS https://data.bdsmart.cn/pub/product/rts/iono/ 



Motivation

► IGS questionnaire for improved real-time ionosphere correction messages (2022)
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► Req. 1: RT VTEC accuracy better than 1.0 TECU (50% of users)

► Req. 2: RT RMS information in IONEX format, in addition to corrections (80% of users)

RT-VTEC accuracy requirement RT-RMS information requirement



Motivation
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► Roadmap for IGS Real-Time Activities (defined in 2022)

► Phase 1: extend IGS-SSR format with new messages for attitude, SRP (APC) / CoM offset (draft).

► Phase 2: define an agreed format and to broadcast the RMS map associated to RT VTEC products.

► Phase 3: define an agreed format and to broadcast a satellite-dependent Slant TEC (postprned).

► IGS Real-Time Ionosphere Task Force

► Task 1: RT-GIM combination (completed: CAS + UPC)

► Task 2: RT ionospheric RMS message design and product service (ongoing) 



RT-FAIRS: algorithms

► RT-FAIRS: Real-Time Factor-Adjusted Ionospheric Residual Statistics [Bayesian interpretation]  
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(Ang Li, Ningbo Wang* et al., Space Weather, 2026) 
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► 𝑤𝒔𝒄𝒂𝒍𝒆 - scale factor magnifying the model provided precision (variance–covariance matrix)

𝑠𝑐𝑎𝑙𝑒 =
𝑾𝑹

𝜎( % 𝑫𝑰𝑺𝑲

► 𝑾𝑹 - weighted precision through an improved IDW interpolation algorithm

► 𝑫𝑰𝑺𝑲 - factor adopted to adjust the residual skewness and kurtosis



► RT-FAIRS: Real-Time Factor-Adjusted Ionospheric Residual Statistics [Bayesian interpretation]  
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(Ang Li, Ningbo Wang* et al., Space Weather, 2026) 

RT-VTEC SH fitting
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Pre-processing
• RT-obs decoding …
• data quality control …

RT-STEC extraction
• GF combination & CCL …
• DCB corrections applied…

Compute local weighted RMS 
at each grid point

RT-FAIRS: algorithms



► RT-FAIRS: Real-Time Factor-Adjusted Ionospheric Residual Statistics [Bayesian interpretation]  

8

► Real-time stations: 180 IGS RTS stations

► GNSS data used: BDS-3(B1/B3), GPS(L1/L2) & Galileo(E1/E5a)

RT-FAIRS: data processing

(Ang Li, Ningbo Wang* et al., Space Weather, 2026) 



► RT-FAIRS: Real-Time Factor-Adjusted Ionospheric Residual Statistics [Bayesian interpretation]  
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RT-FAIRS: data processing

RT iono IPPs RT-VTEC (SSR)

RT-RMS (grids) RT-RMS (SSR)



► Validating RT-GIM accuracy information: Correlation | RMSE analysis
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RT-FAIRS: performance validation

Credit: JPL/NASA
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► Validation stations: 18 independent IGS stations not used in RT-GIM generation

► GPS dSTEC derived at individual stations is used for RT-RMS assessment



► Validating RT-GIM accuracy information: Correlation | RMSE analysis

11

RT-FAIRS: performance validation
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RT-FAIRS: performance validation

PPP model Ionospheric 
constraint

First 30 epoch (m) Convergence time (mins)

Horizontal Vertical 100cm 50cm 20cm

Quiet 
pepiod

PPP / 2.85 3.06 22.6 38.9 77.4

PPP-IC 0.25m 1.20 1.48 19.7 41.3 83.1

PPP-IC 0.09m 1.21 1.50 24.9 51.7 92.6

PPP-IC RT-FAIRS 1.16 1.44 17.3 35.5 76.5

Storm 

period

PPP / 2.56 2.75 20.9 36.4 76.6

PPP-IC 0.25m 2.33 2.65 17.4 33.7 74.9

PPP-IC 0.09m 2.33 2.68 19.1 36.5 78.0

PPP-IC RT-FAIRS 2.32 2.62 17.2 32.7 73.3

► Ionospheric RMS information accelerates PPP convergence during initialization phase



► Proposal for a New IGS-SSR Ionospheric RMS Message (message type 202)
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RT-FAIRS: product service
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RT-GIM Applications

► CAS RT-GIMs for space weather monitoring

Operational Runs at CMA 
ICAO Global Space Weather Center Routine validation using GPSS- and DORIS-dSTEC



15

RT-GIM Applications

► CAS RT-GIMs for precise positioning of smartphones and smartwatches

Smartphones POS

Smartwatch POS

Hor. 52.3%
Ver. 51.7%

Hor. 51.1%
Ver. 76.7%

Data source: CAS
GIM: IGS-SSR RT-VTEC 

Data source: CAS
GIM: IGS-SSR RT-RMS 
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Real-Time Service

► CAS Real-Time Ionospheric Service 

► 2018: real-time global VTEC products

► 2022: real-time combined global VTEC products

► 2025: real-time global ionospheric RMS products

► Ionospheric mountpoints (message types 201 for VTEC & 202 for RMS):  

            IONO00CAS1 (IGS-SSR, VTEC & RMS) | IONO01IGS1 (IGS-SSR, RT-VTEC)     

► SSRC01CAS1: orbit, clock, code/phase biases, global VTEC & RMS maps

► IGS BKG caster: products.igs-ip.net  | CAS caster: igs.bdsmart.cn



Thank You!

Ningbo Wang
wangningbo@aoe.ac.cn

Contact:

CAS caster: https://igs.bdsmart.cn
CAS data center: https://data.bdsmart.cn
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Real-time versus final RMS
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Real-time versus final RMS

Period GIMs
Correlation coefficients RMSE (TECU)

Mean Median STD Mean Median STD

Quiet period

RT-CAS 0.395 0.397 0.016 5.35 5.38 0.78
CASFIN 0.412 0.416 0.017 5.18 5.23 0.71
CODFIN 0.360 0.363 0.016 4.83 4.85 0.77
JPLFIN 0.322 0.320 0.022 5.56 5.56 0.80
UPCFIN 0.338 0.337 0.017 4.85 5.05 0.66
WUHFIN 0.297 0.302 0.024 5.52 5.59 0.75
ESAFIN 0.246 0.245 0.017 5.62 5.67 0.83
EMRFIN 0.339 0.340 0.018 5.53 5.61 0.94
IGSFIN 0.283 0.282 0.035 5.32 5.24 0.76
GFZFIN 0.282 0.279 0.019 5.23 5.17 0.78

Storm period

RT-CAS 0.379 0.380 0.019 5.47 5.56 0.88
CASFIN 0.390 0.392 0.021 5.27 5.32 0.77
CODFIN 0.334 0.337 0.024 5.03 5.14 0.78
JPLFIN 0.323 0.324 0.024 6.08 6.13 0.81
UPCFIN 0.331 0.335 0.021 5.32 5.41 0.71
WUHFIN 0.295 0.280 0.031 5.99 5.94 0.86
ESAFIN 0.265 0.257 0.027 6.12 6.22 0.92
EMRFIN 0.327 0.320 0.025 6.23 6.42 0.97
IGSFIN 0.277 0.298 0.026 5.43 5.46 0.77
GFZFIN 0.281 0.273 0.028 5.78 5.96 0.93


