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The baseline length is independent of rotations of the polyhedron formed by several VLBI 
stations. This makes it a good independent measure of the accuracy achieved for geodetic 
VLBI (Niell, 2006). For each baseline, the repeatability     can be determined as the standard 
deviation of the n estimates Li with regard to the mean value L0 on a regression polynomial of 
first order (Boehm et al., 2006)
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Baseline length repeatabilities for CONT05

Because baseline lengths are independent of rotations of the polyhedron 
formed by several VLBI stations, baseline length repeatabilities can be taken 
as accuracy criteria of the VLBI network. In this study baseline length 
repeatabilities of 15 sessions of the VLBI CONT05 campaign were 
investigated for certain mapping functions (VMF1, GMF, NMF) and cutoff 
elevation angles (5, 7, 10, 15, 30 degrees). From the analysis with the VLBI 
software Occam 6.1, the following conclusions can be drawn: All three 
mapping functions yield about similar baseline length repeatabilities for the 
cutoff angles 5, 7 and 10 degrees, but significantly larger repeatabilities for 
15 and 30 degrees. A cutoff angle of 7 degrees gives the best results for all 
mapping functions. Baseline length repeatabilities with VMF1 are slightly 
better than those with NMF and GMF. Additionally, the baseline length 
repeatabilities are converted to station height repeatabilities by adopting the 
geometrical relation and applying a least-squares approach where the 
baseline length and the vertical position errors are taken as measured values 
and unknowns of the adjustment, respectively. The comparison between 
these vertical position errors and the formal errors for the station heights 
provided by Occam for each 24 h session shows a good agreement, apart 
from a certain scale factor.

The term “mapping function” is used to describe the relation between the tropospheric delay at 
zenith direction and an arbitrary angle above the horizon. Throughout the history of VLBI, 
extensive attention has been paid to tropospheric mapping functions, in view of the dominance 
of tropospheric delay mismodeling in the error budget.

σ

To describe the increase of the baseline length repeatability R with increasing baseline length 
L, the equation given below can be used.

The above function is used for the representation of the scattered data    with regard to 
baseline length (L) where a and b are parameters to be estimated by least-squares method 
(Niell, 2006).

σ

Table 1. The parameters of the regression function for each mapping function and cut off angle

When Table 1 and Figure 1 is investigated an unambiguous comparison can not be achieved. 
For that reason the initial parameter value of the regression function is fixed to 0.5 mm. 

Table 2. The parameters of the regression function for each mapping function and cut off angle (the parameter 
a of the regression function fixed to 0.5 cm in order to ensure an unambiguous comparability between mapping 
functions and cut off angles)

Figure 1. Baseline length uncertainty values calculated from Vienna Mapping Function (VM1) for certain cut off 
angles

Baseline length repeatabilities for CONT05

Figure 2. Baseline length uncertainty values calculated from Vienna Mapping Function (VM1) for certain cut off 
angles (coefficient a fixed to 0.5 cm)

Figure 3. Baseline length uncertainty values provided by the models VM1, GMF and NMF for the cut off angle 
5°

Figure 4. Baseline length uncertainty values provided by the models VM1, GMF and NMF for the cut off angle 
15°

The relation between VLBI baseline length repeatabilities and the point 
position uncertainties

From the CONT05 baseline repeatabilities obtained for different mapping functions 
(VM1, GMF, NMF) and cut off angles (5°, 6°, 7°, 8°, 9°, 10°, 12°, 15°, 20°, 30°) the 
following conclusions can be drawn:
• The mapping functions produced rather similar baseline uncertainty values for cut off 
angles 5° to 12° whereas for 15°, 20° and 30° much greater uncertainty values were 
found. This difference occurred just because of the various number of sources and their 
distribution on the sky. In the processing stage, when the cut off angle was chosen in 
the interval [5°, 12°], the visibility of the sky permits to access much more observables 
than in the interval [15°, 30°]. Also the distribution of the sources is better.
• Despite of the relatively small differences in the interval [5°,8°] the cut off angle 8°
gives the best outcomes for all mapping functions.
• The mapping function VM1 gives the best results comparatively to the other mapping 
functions.
• The baseline length repeatabilities were converted to station height repeatabilities by 
considering the geometric relation. The geometric model and the OCCAM outcomes of 
height uncertainties were compared and found out compatible with each other apart 
from a certain scale factor. Probably, this difference may be due to neglected 
correlations in the simple geometric model.

Figure 5. The geometrical relation between baseline length repeatability and point position uncertainty in the 
direction of vertical and horizontal 

Figure 6. Height uncertainties derived from VLBI software OCCAM and the geometric model for VM1 and cut 
off angle 7°

The relation between the baseline uncertainties and vertical point position errors are explained 
by a geometrical point of view as following:

Boehm, J., B. Werl, and H. Schuh, 2006, Troposphere mapping functions for GPS and very long baseline 
interferometry from European Centre for Medium-Range Weather Forecasts operational analysis data, J. 
Geophys. Res., 111, B02406, doi:10.1029/2005JB003629:
Niell, A., 2006, Baseline Length Repeatability, Report, MIT Haystack Observatory.
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Figure 7. Height uncertainties derived from VLBI software OCCAM and the geometric model for VM1 and cut 
off angle 10°
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