2.3.3.3 WVR

Ground based water vapor radiometers (WVRs) can be used to observe sky brightness temperatures (e.g. Elgered, 1982) and in turn to derive the excess delay caused by the amount of water vapor in the atmosphere (wet delay). 

Comparisons between zenith wet delays derived from collocated space geodetic techniques (e.g. VLBI and GNSS) and WVRs show good agreement with high correlation coefficients on the order of 0.95 and small biases between the techniques on the order of a few millimetres (e.g. Behrend et al. 2000; Niell et al. 2001; Behrend et al. 2002; Snajdrova et al. 2006).

Attempts to use the wet delay values derived from WVR as a calibration for geodetic VLBI observations so far did show only marginal improvement (e.g. Elgered et al., 1991; Elgered and Davis, 1993; Emardson et al., 1999; Nothnagel et al., 2007). An improvement of baseline length repeatability was found only on short baselines less than 1000 km. A thorough investigation on the impact of using wet delay corrections from WVR for the CONT05 VLBI campaign is still ongoing (Haas 2008). 

Difficulties in the use of WVR for calibration of VLBI data are primarily due to:

a) Elevation restrictions:

Currently existing WVR usually have relatively large opening angles of the reflectors (e.g. 6 degrees for the WVR instrument Astrid at the Onsala Space Observatory). Thus, ground noise pickup disturbs any low elevation observations. The cut-off elevations of WVR instruments are therefore usually much higher than those of VLBI telescopes. This implies that it is not possible to use WVR calibration for low elevation VLBI observations. This restriction might be overcome when WVR are attached and integrated to new VLBI telescopes and use the same directive reflectors as the VLBI system. WVR instruments have been successfully mounted directly on VLBI telescopes (e.g. Roy et al., 2003), however still using separate reflectors. 

b) Calibration:

The calibration of WVR instruments usually requires to perform regularly so-called “tip-curve” observations. Usually existing WVR are operated in a so-called “sky-mapping-mode” that involves these tip-curve observations. It seems most plausible that future WVR instruments also will need to do such tip-curve observations. If they are not integrated in the VLBI telescopes this should not be a problem. And it also could be imagined that new fast-slewing VLBI telescopes for VLBI2010 with integrated WVR instrumentation could include WVR calibration observations in the observing schedule.

c) Conversion algorithms:

It appears that existing conversion algorithms and published attenuation coefficients to convert between sky brightness temperatures and wet delay values do not agree better than a couple of percent (e.g. Elgered et al. 1991; Nothnagel et al. 2007). Work appears necessary to identify the most accurate conversion algorithms and attenuation coefficients. 

A remaining problem with possible wet delay calibrations with WVR data is that the WVR instruments generally do not work in rain. Thus WVR are not all-weather instruments as VLBI and GNSS are. In that sense it will not be possible to use WVR data routinely on a day-by-day observing schedule for calibration at all existing and future IVS stations, even if all other problems with low elevation observations, calibration and conversion algorithms and have been solved.
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