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Motivation

• Satellite Altimetry measurements need to be corrected for 

ionospheric delay to ensure highly accurate sea level estimates.

➢ This study will investigate the potential of DORIS observations for correcting altimeter measurements 

for ionospheric delay and compare the results to GNSS-derived GIM corrections.

➢ Jason-3 dual-frequency altimetry data is used as validation data.

• For single-frequency altimeters, corrections based on GNSS observations are usually 

used, which are sparse in open ocean areas.

• All altimeter satellites are equipped with DORIS receivers for precise orbit determination.

Jason-3 (NASA/JPL Image)
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DORIS

Doppler Orbitography and Radiopositioning Integrated by Satellite

▪ Designed for precise orbit determination of altimeter satellites

▪ one-way signal transmitted by a world-wide beacons network 

(many located at remote places; no internet necessary)

▪ DORIS receivers on board of all altimetry missions

▪ Use of two frequencies (2 GHz & 400 MHz) for correcting 

ionospheric delays

▪ DGXX receivers provide GNSS-like RINEX files
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DORIS Vertical Total Electron Content (VTEC)

▪ DORIS DGXX receivers provide GNSS-like RINEX files => phase information on two frequencies

▪ Combination of both signals can be used to compute 

the range delay due to the free electrons along the 

signal’s path

▪ Similar processing than for GNSS

▪ But: absolute level unknown; phase ambiguities => 

taken from GIM

▪ Result: delay along the slant path, converted to 

STEC, mapped to VTEC (backup slide)

VTEC = m(z)-1 STEC

STEC
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DORIS VTEC selection and interpolation

DORIS VTEC values have to be interpolated onto the altimetry observation point (time and space)

Several approaches have been tested in a 

Master’s Thesis (Zhang, 2024)

➢ Data selection based on location

➢ Interpolation by weighted averaging 



Deutsches Geodätisches Forschungsinstitut (DGFI-TUM) | Technische Universität München 6

Validation of DORIS-based VTEC corrections

▪ Comparison with dual-frequency altimeter observations (Jason-3)

DORIS RMS = 5.86 TECU



Deutsches Geodätisches Forschungsinstitut (DGFI-TUM) | Technische Universität München 7

Validation of DORIS-based VTEC corrections

▪ Comparison with dual-frequency altimeter observations (Jason-3)

DORIS RMS = 5.86 TECU

GIM RMS = 5.32TECU

▪ The same comparison is performed with GNSS-based global ionosphere maps (GIM)
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Validation of DORIS-based VTEC corrections

▪ Comparison is performed in two periods with different solar activity

▪ December 2019 (quiet period) & May 2024 (active period)

Solar Activity
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Validation and comparison to GIM

Only for altimetry 

points with at least 

30 DORIS 

observations within 

a latitude range of 

8 degrees

2019

2024

~ 45% of observations 

~ 35% of observations 
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Enlargement of 

the interpolation 

box if only few 

DORIS 

observations are 

available

2019

2024

Validation: full DORIS coverage
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Accuracy related to absolute VTEC

Variation of VTEC RMS wrt. Altimetry VTEC Magnitude (30-day average)
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Take-Away

• DORIS is able to provide reliable ionospheric corrections for satellite altimetry applications

• Quality strongly depends on ionospheric activity and data distribution

• Better quality than GIM (over the oceans) when data distribution is sufficient

• For many observation points, the DORIS data coverage is too sparse to infer corrections 

better than GIM (especially in periods of high solar activity)

➢ DORIS can improve the accuracy of ionospheric corrections for satellite altimetry

➢ However: stand-alone DORIS corrections are not recommended

➢ combination with GNSS observations or GIM is recommended (and will be worked on soon)
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