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Abstract. Comparing the tropospheric zenith delays derived from VLBI and GPS data at
VLBA stations collocated with GPS antenna, the systematic biases and standard deviations of
the difference are both found to be at the level of a sub-centimeter. Based on this agreement, we
used GPS data to correct the tropospheric effects in VLBI phase-referencing, resulting in close
peak-to-noise ratios of images after tropospheric correction using GPS and VLBI data.
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1. Introduction

The dominant error source of astrometry involved in VLBI phase-referencing is the
small error of the tropospheric delay model, which is applied by the VLBA correlator
at observing frequency greater than 5 GHz (Wrobel et al. (1999)). The current method
applied to correct this error is using geodetic-like observations to determine the residual
(Observation - Model) tropospheric zenith delay (Reid & Brunthaler (2004)). However,
this method only recovers the global variation, but neglects the local variation of the
residual zenith delays, such as fluctuations which might be significant at some VLBI
stations (Keihm et al. (2004)). Since the GPS measurements near the VLBI site are
subject to the same troposphere, those measurements can be used to estimate the tropo-
spheric contribution to VLBI observables. In the data analysis of project BR100, which
determines the parallax and proper motions of 12 GHz methanol masers using VLBI
phase referencing by VLBA, we used several geodetic-like observation data sets of phase-
referencing observations, and among those observations, about six VLBA sites with VLBI
and GPS data are available. To study the feasibility of tropospheric correction in VLBI
phase-referencing using GPS data, we compared the tropospheric zenith delays derived
from VLBI and GPS data at these VLBA stations, and the PNRs (peak-to-noise ratios)
of images with tropospheric effects corrected using only VLBI data or combined GPS
and VLBI data.

2. Tropospheric correction using combined VLBI and GPS data

Some VLBI stations are collocated with GPS antennas, and many studies indicate
that the difference between tropospheric delays derived from VLBI and GPS data is at
the sub-centimeter level (Niell et al. (2001); Schuh et al. (2004)). This motivates us to
calibrate the VLBI data using tropospheric estimates from GPS data. At present only
six VLBA sites are collocated with GPS receivers. IGS (the International GNSS Service)
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Table 1. Biases (front) and standard deviations (back) in cm between VLBI and GPS (VLBI
— GPS) residual zenith delays for VLBA BR100 observations.

Obs. Date BR FD MK NL PT SC

2005.10.20 -1.5 £1.0 -1.0 £0.5 -0.7 £ 1.0 -1.6 £ 1.0
2005.10.30 -0.6 £0.3 03 +0.6 -1.2+0.8 -1.1 £0.3 11:|:02 -0.6 £0.7
2006.01.13 -0.6 £0.5 -03 £0.3 -0.6 £0.7 -1.2£05 -1.2+0.9 -0.7£ 04
2006.03.16 -1.1 £03 -1.1 +£06 0.1+0.5 -09+0.6 -09 £ 0.1 -0.8£0.7
2006.04.07 -0.7 £0.6 -09+04 -1.1£05 01=x14 . 01+£05
2006.04.15 -1.3 £1.1 -0.9 £0.5 02+15 -1.9+0.7 o -0.9 £ 0.2
2006.07.23 03 £0.7 14 +0.2 .. -0.5£1.0 -0.5£06 -0.1 £0.8
2006.10.04 -1.0 £03 -0.2+0.6 -0.6 £1.0 -22+£0.5 -1.2 £ 0.3 -0.6 £0.9
2006.10.07 -0.6 £0.5 0609 -1.2+04 -08£0.1 -09 0.5 -1.8 £1.0
2006.10.19 0.5+ 0.6 -0.3 £1.5 -0.8 £0.4 -0.8 £ 0.2

Table 2. Comparison of PNR of image

Source PNR(VLBI) PNR(GPS)
G35.20-0.74(Maser) 100.1 103.7
J1855+0215(QS0) 15.1 16.4
J1855+0251(QS0) 15.6 14.1
J1907+0127(QSO0) 6.7 6.8

publishes routinely the tropospheric zenith delays derived from GPS measurements of
each site, offering us an opportunity to estimate the zenith delay at the corresponding
VLBA sites based on GPS data. We compared the residual zenith delays derived from
VLBI and GPS data of several geodetic-like observations. Table 1 shows the comparison,
with the biases and STDs being at the level of sub-centimeter. Table 2 illustrates the
PNRs of images of sources with tropospheric effects corrected, with the second and third
columns listing PNRs only using geodetic-like VLBI data and combined GPS and VLBI
data respectively. (Note that here sites with available GPS data use GPS data only;
otherwise only VLBI data are used.) Differences between the PNRs are found to be
small. Based on the agreement noted in the above comparison, we suggest to correct the
tropospheric effects in VLBI phase-referencing with combined VLBI and GPS data, in
which case the precision of correction will be at the sub-centimeter level.

Acknowledgements

We would like to extend our appreciation to Dr. M. Reid of the Harvard-Smithsonian
Center for Astrophysics for his kind help. This work has been partly supported by the
National Natural Science Foundation of China (grants 10703010, 10778635, 10673024 and
10473019), and the Science & Technology Commission of Shanghai Municipality (grant
06DZ22101).

References

Keihm S. J., Tanner, & Rosenberg, H., 2004, IPN progress report, 42,158

Niell, A. E., Coster, A. J., Solheim, F. S. et al., 2001, Journal of Atmospheric and Oceanic
Technology, 18, 830

Reid, M. J. & Brunthaler, A., 2004, ApJ, 616, 872

Schuh, H., Snajdrova, K., & Bohm, J., 2004, In: Vandenberg, N. R., Baver, K. D., edts., IVS
2004 General Meeting Proceedings, 461

Wrobel, J. M., Walker, R. C., Benson, J. M. et al., 1999, VLBA Scientific Memorandum 2,

https://doi.org/10.1017/5174392130801911X Published online by Cambridge University Press


https://doi.org/10.1017/S174392130801911X

