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¸ Modern satellite navigation and positioning systems require the use of 
precise and high resolution ionosphere correction models.

¸ On the other side precise measurements of modern space-geodetic 
techniques, such as GNSS (terrestrial and space-borne) and altimetry allow 
the study of the ionospherewith an unprecedented accuracy.

¸ We present a regional modelof the ionosphere. The model parameters are 
determined by a combinationof space-geodetic (satellite) observations. 

¸ The relative weightingof the observations from the different space-geodetic 
techniques can be performed by a variance component estimation. 

¸ The estimation can be followed by a multi-scale representation(MSR) which 
allows e.g. data compressionand near real-time processing.  

Introduction
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2-D modeling

VTEC( , )

3-D modeling

VTEC( , , t)

Ne( , , h)

4-D modeling

Ne( , , h, t)

Subtraction of the corresponding values from a reference model

Reduced input data (difference observations)
Area: global, regional, local 

Parameterization:
Multi-dimensional B-spline-only expansions

Combined expansions (B-splines/EOFs, B-splines/Chapman function, 
spherical harmonics/Chapman function, etc.)

Multi -dimensional procedure

The procedure can also be applied to other ionospheric parameters such as 
NmF2or hmF2.
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Test for 
outliers

Test for 
significance

Linear model with unknown 
variance components

Input data from GNSS, altimetry, 
LEOs, ionosondes, etc., ref. models 

Prior information for the       
unknown coefficients 

Estimated ionospheric target 
function, approximation on highest 

level

Estimation of the coefficients and the 
variance components 

Multi -dimensional procedure
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B-spline expansion
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B-spline expansion

IGS Workshop 2010, Newcastle, 28.6.-2.7.   τ 7



TERRESTRIAL GNSS (SIRGAS)

> 80 stations with 30sec RINEX data

Preprocessing:

Vextract code-levelled phase obs.

Vmap to vertical (STEC -> VTEC)

Vaccount for DCBs

Vuse only VTEC up to 2000 km

Vdata thinning

ALTIMETRY (JASON1 & ENVISAT)

Profiles with 1 Hz data

Preprocessing:

Vextract and Filter (smoothing)

Vextrapolate VTEC 

V(from orbit height to 2000 km)

Vdata thinning

RADIO OCCULTATION (COSMIC/F-3)

6 LEOs with ~2000 obs/day

Preprocessing:

VVTEC up to orbit height from height profiles (provided by

L.C.Tsai, NCU, Taiwan)

Vextrapolate from orbit height to 2000 km

Input data
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REFERENCE MODEL
(IRI 2007)

1) reduction of all observations

=> difference observations

2) prior information in areas without data (data 
gaps)

Input data
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Input data

GNSS (SIRGAS)

July 21st, 2006

IGS Workshop 2010, Newcastle, 28.6.-2.7.2010   τ 10



Input data

COSMIC/F-3GNSS (SIRGAS) Altimetry

é and prior information from reference model (IRI 2007) for areas without 
observations

July 21st, 2006
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Adjustment
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Adjustment
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Adjustment
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i Group ůi 

1 GNSS 1.5

2 Jason1 0.8

3 Envisat 0.7

4 COSMIC/F-3 1.1

5 Prior information

(reference model)

4.2

Weighting, July 21st, 2006, Ref.: IRI 2007

Variance component estimation
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ωThe iterative processfor estimating the variance components converges very fast 
(after three iterations).

ωThe reciprocal values of the variance components are the relative weightsof the 
groups to each other.



Estimation of the unknown series coefficients
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Consequence: We can calculate VTEC maps not only with a time spacing of 2 hours 
or one hour, but whenever we want. 


