
 Introduction
 

The distribution of water vapour in the atmosphere contributes significantly to weather phenomena and 
thus plays an important role in weather forecasting and climate research. Until now, the knowledge of the 
regional water vapour distribution (with sufficient temporal and spatial resolution) is usually still insufficient. 

One possibility to improve this knowledge at supra-regional level is to analyse observation data, received from 
GNSS stations, which should be distributed well over the domain of interest. The microwave signals from the 
GNSS satellites (GPS, GLONASS and in future GALILEO) are delayed on their way through the atmosphere. One 
part of this delay is caused by the troposphere. This fraction is typically split into a hydrostatic and a wet com-
ponent. The wet component describes the rapidly changing water vapour content. To separate the hydrostatic 
from the wet component, the exact pressure value at the GNSS monitoring station has to be known or should 
be extrapolated from neighbouring meteorological sensor stations very carefully. 

The estimated wet part is of particular interest to meteorology as parameter in numerical 
weather models. However, to contribute to so-called now-casting models, the water vapour con-
tent has to be available within a maximum delay of 45-60 minutes. This requirement is not easy to 
satisfy because delays in the data transmission and the required computation time have to be considered.

 Results
 

In Figure (3) hourly ZTD time series of all stations 
(green) are displayed over a period of ten days. The 
IGS/Euref stations Graz (marked in blue) and Zim-
merwald (Switzerland, marked in black) are used 
to tie the network to a predefined coordinate frame 
(ITRF2000). Therefore constrains on the coordi-
nates were introduced which subsequently cause 
smaller formal error for the ZTD estimates at this 
two stations, also shown in Figure (3), lower panel. 

While the ZTD for the bulk of the stations ran-
ge between 2 meters and 2.4 meters, the sta-
tions Roetenkogel (marked in red) and Sonnblick 
(marked in pink) show much smaller values. 
These stations are located at heights of 2165m 
and 3118m which causes on the one hand a sig-
nificantly reduced hydrostatic delay and also the 
water vapor content rapidly diminishes with 
height.

The ZWD and accompanying formal errors for sta-
tions Allensteig, Amstetten, Arndorf and Attnag-
Puchheim are plotted in Figure (4). It is possible 
to detect in the graphics passing weather fronts 
and define their size by comparison of the ZWD 
values of neighbouring GNSS-stations. This allows 
forecast of heavy rainfall and potential floodings.

Figure (5) illustrates the importance of the pressu-
re readings extrapolated to the GNSS stations as 
accurately as possible. The dotted lines display the 
ZWD, in case that the pressure was propagated to 
the station height by a normal atmosphere model. 
The solid lines refer to a ZWD based on pressu-
re extrapolated from nearby TAWES data. Under 
precondition of a normal atmosphere the ZWD-
estimates are often significanly too large and
consequently the derived Precipitable Water is 
overrated.

 Outlook

The results presented here were obtained as part of the project GNSSMET-Austria. Small weaknesses 
which still harm the GNSS data modelling and the near real-time processing chain will be corrected in the 
near future. This concerns for example the involvement of „Real-Time IGS controlled clocks and orbits as 
well as an improved solution of handling GLONASS ambiguities. In addition further modelling methods 
are being tested. This implies for example  the calculation of the tropospheric wet delay with a mixed 
network/PPP approach or the implementation of an improved mapping function (GMF). Finally we inves-
tigate the potential of this dense station network to create from individual signal delays a very simple 3D 
model of the refractivity over parts of the federal territory (GNSS Tomography).

 Processing

For the near real-time processing of the tropospheric 
delays, GNSS observation data of 40 reference stations, 
distributed over the whole Austria domain are used. Fig-
ure (1). The GNSS-stations are allocated with a horizontal 
distance of 30-80 kilometers and a maximum height dif-
ference of up to 2500 meters. At first, the total tropospher-
ic delay (ZTD), based on a double difference approach 
by means of the BERNESE V5.0 package is computed.

(1)

As you can see in Equation (1), to retrieve the zenith wet delay, the ZHD has to be known too. Therefore the 
exact pressure pG at the GNSS-stations is required (to obtain an accuracy of +/- 5mm of the ZWD the pres-
sure must be known with an accuracy of +/- 0.3hPa). Unfortunately,  metrological data is solely available at 
a subset of the GNSS-stations. Hence pressure values  have to be extrapolated from metrological stations 
close-by. Therefore the Central Institute for Meteorology and Geodynamics delivers the values from the wea-
ther acquisition system „TAWES”, with a time resolution of 10 minutes. From over 280 metrological stations, 
well distributed over the whole Austria domain, the pressure for the GNSS-stations can be extrapolated from 
the nearest TAWES station by means of Equation (3). 

(2)                (3) 

Figure 1. Distribution of the GNSS-stations
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Figure 4. Zenith wet delay and Formal error

Figure 5. Estimated and Tawes reduced Zenith wet delay

 Conclusion
 

Since the beginning of April 2010, for each station in the network the 
ZWD and the ZTD estimates are delivered hourly, to the Central Insti-
tute for Meteorology and Geodynamics (ZAMG). The aspired time de-
lay is 35 minutes which makes the estimates useful for assimilation 
into the now-cast weather model INCA. As results of the pre-project 
GNSSMET already have shown during special weather conditions 
there are significant improvements in forecasting by introducing the 
GNSS based ZWD instead of extrapolations based on TAWES ground 
measurements. Especially in the summer months, the evaporation at 
ground leads to higher moisture values at the TAWES stations. This 
behaviour cannot be modelled reliable and complicates to model the 
moisture content in higher layers in the troposphere exactly. On the 
other hand, the ZWD as the integral value of the refractivity, provoked 
by the water content in the atmosphere, contains information about 
the water vapour content of the whole troposphere, but unfortunately 
does not specify humidity at distinct vertical layers.

The differences between PW (approximately: 0.16 times ZWD), on the 
one hand derived from  TAWES surface data within the INCA Now-
cast model and on the other hand  estimated  from GNSS observa-
tions, are illustrated in Figures (6) and (7).

Figure 3. Zenith total delay and Formal error

Figure 2. Input data and processing chain
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To compute pG, temperature, pressure, orthometric 
height and gravity at the TAWES stations, as well as 
the orthometric height of the GNSS-sensor and the 
temperature gradient   have to be known. With the 
extrapolated pG the ZHD can computed by Equa-
tion (3) and finally the zenith wet delays. The goal 
to achieve is to estimate the ZWD with hourly time 
resolution and an accuracy of better than +/-5mm. 
The required input data sets as well as the proces-
sing chain are illustrated in Figure (2).
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Figure 6. PW for the station Klagenfurt (INCA vs. GNSS)

Figure 7. PW for the station Koetschach (INCA vs. GNSS)Input
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