
Deutsches Geodätisches Forschungsinstitut (DGFI-TUM)
Technische Universität München

Ke Zhang, Denise Dettmering, Michael Schmidt

Assessing DORIS as an Alternative Source for Ionospheric 

Correction in Satellite Altimetry

Deutsches Geodätisches Forschungsinstitut, Technische Universität München (DGFI-TUM)

IDS Workshop, 24.06.2026



Deutsches Geodätisches Forschungsinstitut (DGFI-TUM) | Technische Universität München 3

• Ionospheric correction for Satellite Altimetry: millimeter-level accuracy required

Motivation

Jason-3 (NASA/JPL Image)
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• Ionospheric correction for Satellite Altimetry: millimeter-level accuracy required

• GNSS Global Ionospheric Maps (GIM): sparsely distributed over the oceans

• All altimetry satellites carry DORIS receivers

• DORIS network provides wide oceanic coverage

Motivation

Jason-3 (NASA/JPL Image)
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➢ Ionospheric correction for single-frequency altimetry using DORIS

➢ Comparison with GNSS-derived GIM corrections

➢ Validation with Jason-3 dual-frequency data
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• DORIS (blue) and altimetry (orange) IPP ground track (where signal penetrates ionosphere)

• Corresponding stations in green

• Spatial selection based on adaptive search radius (black box)

• Inverse distance weighting applied for interpolation (red points)

DORIS-based Altimetry VTEC Generation

• DORIS VTEC availability depends on the 

proximity of nearby DORIS stations

• Discontinuities introduced in regions with 

sparse DORIS coverage

• Spatial/temporal search constraints and 

alternative interpolation schemes evaluated in 

my master thesis.∗

* Zhang (2024), DORIS-Based Ionospheric Corrections for Single-Frequency Radar Altimetry, M.Sc. Thesis, TUM.
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• Altimetry (black) as ground truth

• Comparison between GIM (orange) and DORIS (blue)

Demonstration of Generated Series

• Smoother VTEC values from GIM (global model 

of SH degree 15)

• Stronger variations in DORIS series

• Discontinuities for DORIS in panel (d)
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• Time Interval 2016-2024: nine years validation

• Quiet and active transition around 2022

Solar Activity (F10.7 Index)   
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• Altimetry series VTECA(t) as ground truth

• DORIS series VTECD(t) and GIM series VTECG(t) are compared 

Comparison Metrics

𝛿VTECD 𝑡 = VTECD 𝑡 − VTECA 𝑡

𝛿VTECG 𝑡 = VTECG 𝑡 − VTECA 𝑡

• Offsets, RMS and STD of the difference series are assessed

• Metrics are computed at pass level (half revolution)

• δVTECX =
1

N
σi=1
N δVTECX ti , X ∈ {D, G}

• RMSX =
1

N
σi=1
N δVTECX ti

2 , X ∈ {D, G}

• STDX =
1

N
σi=1
N δVTECX ti − δVTECX

2
, X ∈ {D, G}
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• Comparison of time series for DORIS (blue) and GIM (orange)

Comparison Time Series

• 85% of all altimetry IPPs covered

• Differences of DORIS and GIM series for RMS 

and STD

Red: GIM smaller

Blue: DORIS smaller

• GIM outperforms DORIS in active periods
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• DORIS VTEC availability depends on the proximity of nearby DORIS stations

• Distance-based investigation of DORIS series performance for altimetry IPPs

• Mean distance to nearest two stations as the station geometry metric

• Up to 3000 km for Pacific and Bering strait

• Medium distance of 1675 km

Geometry as Quality Indicator
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• Relation between RMS time series and the DORIS geometry metric

• No clear dependence of GIM RMS on the geometry metric

• Increasing DORIS RMS with larger station distances

• Transition in accuracy around 1675 km → geometry threshold to be applied

Geometry Dependency of DORIS Series
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• Comparison in RMS time series between DORIS (blue) and GIM (orange)

Geometry Dependency of DORIS Series

• 40% of all altimetry IPPs covered

• Smaller DORIS results (blue in the difference 

series) before 2022

• GIM outperforms DORIS in active ionospheric 

conditions
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• Relation between RMS time series and altimetry VTEC magnitude

• Same binning strategy as in the geometry analysis

• (a) without geometry threshold

• (b) with 1675 km geometry threshold applied

VTEC Magnitude Dependency of DORIS Series

• DORIS outperforms GIM mainly at low VTEC 

magnitudes

• Increasing degradation of DORIS with stronger 

ionospheric conditions

• Geometry threshold shifts the transition to 

higher VTEC ranges
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• Percentage of passes where DORIS outperforms GIM in RMS

• Clear dependency on solar activity

• Up to 70% in 2019 for quiet periods with geometry threshold

• Around 30% during solar maximum without threshold

Overall Accuracy Ratio
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• DORIS-derived VTEC reveal more detailed ionospheric variability

• Better DORIS performance at short station-to-IPP distances: up to 70% in accuracy ratio, compared with GIM

• DORIS performance exhibits a stronger ionospheric condition sensitivity

• No-interpolation test: high-VTEC sensitivity mainly linked to interpolation errors rather than intrinsic DORIS limitations.∗

Conclusion

➢ DORIS and GIM should be considered as complementary ionospheric products

➢ Combining DORIS with GIM can improve ionospheric corrections for:

− Non-dual-frequency altimetry mission

− Coastal regions where altimetry performance is degraded

➢ An along-track altimetry VTEC product combining DORIS and GIM observations is currently being developed

* Zhang, K., Dettmering, D., and Schmidt, M., Assessment of DORIS-Based Ionospheric Delay Corrections for Satellite 

Altimetry, Advances in Space Research, under review.
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Thank you very much

for listening!
Publications

• Zhang, K., Dettmering, D., and Schmidt, M., Assessment of DORIS-Based Ionospheric Delay Corrections for Satellite 

Altimetry, under review, Advances in Space Research.

• Zhang (2024), DORIS-Based Ionospheric Corrections for Single-Frequency Radar Altimetry, M.Sc. Thesis, TUM.
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