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Motivation

 Troposphere is the main random and systematic error source contributor in 
geodetic VLBI.

 VMF1 is computed from ECMWF operational analysis and the method is 10 
years old.

 Utilize our ultra-rapid ray-tracing algorithm (Zus et al., 2012)
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Outline
 Investigate the impact of applying different mapping functions in VLBI data 

analysis on:
 Zenith wet delays

 Linear horizontal gradients

 Station coordinates

 Network scale

 Earth orientation parameters



. . . setting the stage
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Mapping functions

 VMF1 or UNB_VMF1 (Böhm et al., 2006b)
 𝑎𝑖 estimated,,𝑏𝑖 and 𝑐𝑖 from climatology

 GPT2w (Böhm et al., 2015)
 𝑎𝑖 annual + semi-annual terms,,𝑏𝑖 and 𝑐𝑖 from climatology

 PMF (Zus et al., 2012)
 𝑎𝑖, 𝑏𝑖 and 𝑐𝑖 estimated
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PMF: Potsdam mapping functions

 Ray-trajectory solution

with an implicit finite difference scheme.

 Structured non-linear system of equations solution 

with the Newton-Raphson method

 We estimate gradient components of 1st and 2nd order

 Ultra-rapid computation
 using Intel FORTRAN compiler e.g. given 90 stations and an ordinary PC 

(Core2QuadIntel processor, 2.5 GHz and 2 GB RAM)

it takes ~1 sec for 10,800 station-quasar links
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Badary, Russia
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Tsukuba, Japan
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. . . comparisons
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VLBI data analysis

 Vienna VLBI Software, VieVS@GFZ (Gauß-Markov model)

 Group delay data from IVS-R1 and IVS-R4 from 2002 until 2015 
(1326 sessions) featuring a 32 station network

 We produced 3 solutions:
 VMF1 (Böhm et al., 2006b)

 GPT2w (Böhm et al., 2015)

 PMF (Zus et al., 2012)

 All solutions determined w.r.t. ITRF2008 and USNO Finals EOP 
series, using the homogenized meteorological dataset and accounting 
for geophysical loading at the observation level.

 Daily estimates of station positions and EOPs, hourly ZWDs, 6-hourly 
gradients, . . . .

9
Balidakis et al.: On the impact of different mapping functions on products from VLBI data analysis



Input meteorological data
cf. poster S5P9 by Balidakis et al.
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 Non-tidal atmospheric pressure 
loading (Balidakis et al., 2015)
 Patched Green’s function approach

 ak135 Earth model until 𝑛 = 46340

 Dynamic atmospheric correction (MOG2D-
G/IB)

 Pressure anomalies from ECMWF operational 
analysis model level data (temperature, specific 
humidity, surface pressure, geopotential)

 Continental hydrological loading 
(Dill and Dobslaw, 2013)
 Soil moisture, snow, surface water and water in 

rivers and lakes from LSDM, forced by ECMWF 
operational analysis
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Geophysical loading
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VLBI analysis
(ZWDs and linear horizontal gradients)
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VLBI analysis (ZWDs)
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VLBI analysis (linear horizontal gradients)
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VLBI analysis (station ellipsoidal heights)
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VLBI analysis (network scale)
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VLBI analysis (δEOPs)
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PMF
Spatial resolution of NWM: 1.0⁰ vs 0.5⁰
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VLBI data analysis with Kalman Filtering

 Vienna VLBI Software, VieVS@GFZ, VIE_KAL (Nilsson et al., 2015)

 Group delay data from CONT14 featuring a 17 station network

 We produced 2 solutions:
 PMF 1.0⁰ spatial resolution

 PMF 0.5⁰ spatial resolution

 Both solutions determined w.r.t. ITRF2008 and USNO Finals EOP 
series, using the homogenized meteorological dataset and accounting 
for geophysical loading at the observation level.

 Scan-wise estimates of station positions and EOPs, ZWDs, gradient 
components, . . . 
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Some results
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Recapitulation
 Estimating 𝑏𝑖 and 𝑐𝑖 in addition to 𝑎𝑖 does not affect the estimated 

coordinates, zenith delays, gradients  or EOPs appreciably, given the grid 
spacing. E.g., the height difference rarely exceeds 1 mm.

 Utilizing a finer resolution of the same NWM and the same ray-tracing 
algorithm, results in an offset at the mm level in the height time series 
during severe weather events.

Outlook
 More tests with even finer resolution.

 Both VMF1 and PMF suffer from systematics, so we should replace the parametrized mapping 
approach by the rapid direct mapping concept (e.g. Eriksson et al., 2014; Zus et al., 2015).

 Implement ultra-rapid direct mapping in VieVS@GFZ as the default option.

 . . . . more tests
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