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Abstract 
In June 2007, a memorandum of understanding was signed between EUREF and EUMETNET. 
The purpose of this memorandum is to create the conditions to facilitate the data exchange and to 
promote the increase of cooperation between the two parties. In that frame, EUMETNET recently 
granted EUREF the access to meteorological observations provided by national meteorological 
agencies member of EUMETNET. In this paper, the status of this collaboration is reviewed and 
the potential benefits of using these meteorological observations to validate the GNSS data 
processing and their derived products are outlined from the geodetic point of view. 
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1. Introduction 
During the EUREF 2007 Symposium held in London, a memorandum of understanding (MoU) was signed 
between EUREF and EUMETNET1 with the goal to increase synergies and collaborations between the 
geodetic and meteorological communities and to facilitate the data exchange between the two parties 
[EUREF-EUMETNET MOU, 2007].  

Indeed, both communities would benefit from sharing their expertise and their infrastructures: on one hand,  
E-GVAP2, which is a program running under the aegis of EUMETNET, aims at establishing a European 
observing system for delivering near real-time GNSS-based tropospheric zenith path delay (ZPD) estimates 
for operational numerical weather prediction (NWP). In that frame, meteorologists need continued access to 
GNSS raw data and products. On the other hand, EUREF, which is the Reference Frame Sub-Commission 
for Europe of the International Association of Geodesy (IAG), maintains the EUREF Permanent Network 
(EPN) and determines the coordinates of the continuously observing GNSS stations within the EPN to 
maintain the European Terrestrial Reference System. In order to improve its GNSS data processing and to 
validate its GNSS-derived products, EUREF needs access to meteorological observations over all Europe. 

In the context of the MoU, EUMETNET recently granted EUREF with a free access to meteorological 
observations provided by national meteorological agencies member of EUMETNET. In this paper, the status 
of the EUREF-EUMETNET collaboration is reviewed and the potential benefits of this collaboration are 
outlined from the EUREF point of view.  

                                                   
1 The network of European meteorological services, http://www.eumetnet.eu.org. 
2 The EUMETNET GPS Water Vapor Program, http://egvap.dmi.dk. 
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2. Description of the Meteorological Database 
The meteorological database setup by EUMETNET in the frame of the EUREF-EUMETNET collaboration 
is based on the already existing e-infrastructure of E-GVAP. The FTP access to the database is granted 
provided that a standard “condition of use” form3 is signed. For this purpose, the EUMETNET contact 
person is the E-GVAP program manager Henrik Vedel4. 

Since June 2008, access to radiosonde observations and synoptic data is provided to EUREF through the 
meteorological database. For the time being, the database is updated daily and the latency of the 
meteorological observations is roughly 1 day. In the future, other types of observations, such as output from 
the short-range forecasting system High-Resolution Limited Area Model (HIRLAM) [HIRLAM, 2002], will 
be added to the database. More frequent updates of the database and a reduction of the latencies are also 
foreseen to fill the needs of user applications.  

2.1. The Synoptic Observations 

Synoptic observations gather hourly surface records of the pressure, mean sea-level pressure, temperature 
and dew-point temperature. All observations related to a specific day are included in a unique file, which 
contains data from more than 1280 meteorological stations in Europe. An example of the temperature and 
the mean sea level pressure fields reconstructed from synoptic observations is shown in Figure 1. Based on 
the synoptic observations, a European tropospheric zenith hydrostatic delay grid can for example be 
reconstructed using a Saastamoinen-based model (Figure 2) [Saastamoinen, 1973]. 

 

  

Figure 1: Temperature (left) and mean sea level pressure fields (right) reconstructed  
from the 1280 synoptic observations recorded on the 29th July 2008 at 00 UT 

(Synoptic observation sites are indicated by black dots). 

                                                   
3 Stating that the data will be used for non-commercial applications. 
4 Henrik Vedel, Danish Meteorological Institute (DMI), hev@dmi.dk, http://egvap.dmi.dk. 
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Figure 2: Zenith hydrostatic delay field reconstructed from the 1280 synoptic observations recorded  

on the 29th July 2008 at 00 UT (Synoptic observation sites are indicated by black dots). 

2.2. The Radiosonde Observations 

National meteorological agencies provide the World Meteorological Organisation (WMO) with radiosonde 
observations via the Global Telecommunication System (GTS). Radiosonde devices are capable of making 
direct in-situ measurements of air pressure, temperature and dew-point temperature while ascending through 
the atmosphere. When released from the ground (usually twice a day) the apparatus rises through the 
atmosphere at approximately 5 metres per second and terminates its ascent at an altitude of about 30 
kilometres after a usual time of more than one hour [Vedel et al., 2001]. From these in-situ measurements, 
tropospheric zenith path delays can be computed. In the frame of the EUREF-EUMETNET collaboration, a 
procedure has been setup to extract the radiosonde observations from the GTS database (and additional 
national radiosonde data which are missing in the GTS database) within a limited grid area covering Europe 
and extending from -30° to 40° in longitude and from 25° to 89.9° in latitude. Again, all radiosonde 
observations related to a specific day are included in a unique file, which contains no less than 200 
radiosonde launch site observations in this European grid (Figure 3). 

 
Figure 3: Radiosonde launch sites available in the meteorological database. 



The EUREF - EUMETNET Collaboration: First Experiences and Potential Benefits 

 Page 4 of 11 

 

3. Exploitation of the Meteorological Database for Geodesy 

3.1. Collocation of Radiosonde and EPN stations 

The collocation of EPN stations and radiosonde launch sites (Figure 4) provides the potential to study and to 
validate the ZPD estimated by the geodetic agencies from EPN GNSS observations with those derived from 
radiosonde observations. The first step in that process is to compute ZPD from the radiosonde raw 
observations5. Therefore, a dedicated software provided by H. Vedel was used to convert the radiosonde raw 
observations in terms of ZPD at the height of the GNSS station [TOUGH, 2003]. The orthometric height (i.e. 
the height above the mean sea level) of both the radiosonde and the GNSS station is requested by the 
software. Therefore, the ellipsoidal GNSS station heights were transformed into orthometric heights using 
the new Earth Gravitational Model 2008 (EGM2008) geoid from the U.S. National Geospatial-Intelligence 
Agency (NGA) [Pavlis et al., 2008]. The exact accuracy of this model is not yet well established. 
Nevertheless, it is expected to have an accuracy better than 10 cm and consequently, errors from using the 
EGM2008 model should impact the ZPD by less than 0.5 mm.  

The use of radiosonde observations for GNSS-based ZPD validation has already a quite long tradition in the 
field of GNSS-meteorology (EU-Projects MAGIC [Haase et al., 2003], COST-716 [Elgered et al., 2003], 
TOUGH [Vedel et al., 2006b]). Nevertheless, up to now the comparisons were mainly done by 
meteorologists. For scientific applications these validations can now be realized by the EUREF analysis 
centres themselves. 

 
Figure 4: EPN stations (red dots) and the radiosonde observation launch sites (yellow triangles). 

                                                   
5 Namely the pressure, temperature and dew-point temperature records. 
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3.2. Tropospheric Parameters and Station Height Correlations 

To be assimilated into NWP models, the ZPD provided by the geodetic analysis centres must be free of 
biases and artificial signals. Furthermore, following the E-GVAP requirements, the ZPD estimates must have 
a precision and accuracy of 1 to 2 mm of Integrated Water Vapour (IWV)6 [Elgered et al., 2003], [Pottiaux, 
2008c], [Vedel et al., 2006]. The validation of the GNSS-based ZPD and the detection of biases and artificial 
signals in their time series are consequently important for meteorological applications. 

Moreover, within the GNSS data processing, the ZPD and the station height estimations are strongly 
correlated. Any error in the GNSS-based tropospheric modelling impacts the station height determination. 
As EUREF targets mm-precision for its station heights, special attention must be paid to the troposphere 
modelling during the GNSS data processing. Radiosonde observations provide a useful and independent 
source of information to validate the GNSS-based ZPD and supply consequently indirect, but important, 
information on the GNSS height estimates, such as the detection of signals in the height component due to 
artificial signal in the ZPD estimates.  

3.3. Validation of GNSS-based Tropospheric Zenith Path Delays 

The swisstopo analysis centre is active as an EPN Local Analysis Centre and as an E-GVAP analysis centre 
[Brockmann et al., 2006]. In the frame of the latest, swisstopo routinely produces ZPD estimates for a 
network of about 80 GNSS stations, 11 of which are co-located with radiosonde launch sites (Figure 5). 
Thanks to the EUREF-EUMETNET MoU, these 11 collocations are now routinely used to validate the 
GNSS near real-time ZPD estimates with respect to the radiosonde observations and to help to detect 
problems related to the troposphere modelling during the GNSS data processing.  

 
Figure 5: Radiosonde launch sites (yellow triangles) within the network of GNSS stations (red dots)  

processed in near real-time by swisstopo. 

                                                   
6 1mm of IWV corresponds roughly to 6.5 mm of tropospheric zenith path delay. 
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As an example of this validation procedure, a comparison of the last 7 days between the real-time, the near 
real-time GNSS-based ZPD estimates produced by swisstopo and the radiosonde-based observations is 
displayed on the product validation web site (see Figure 6 for the site of Payerne, Switzerland). A fairly good 
agreement between the GNSS-based and the radiosonde-based ZPD is visible. A detailed analysis of the 
biases and standard deviations will be implemented at swisstopo, soon. This might also be of interest of 
MeteoSwiss, which use up to now the GNSS-derived ZPD estimates as validation for their numerical 
weather prediction models [Brockmann et al., 2004, Guerova et al., 2003a and 2004] and which plan to use 
the GNSS-based ZPD estimates in their recent newly developed COSMO-2 forecast model, which is based 
on a 2 km grid.  

 
Figure 6: Validation plot extracted from the swisstopo webpage http://www.swisstopo.ch/pnac showing the time 

series of the real-time (pink flatted curve) and the near real-time (blue dotted curve) GNSS –based ZPD for the site of 
Payerne, Switzerland, for the last 7 days. ZPD computed from radiosonde raw observations are represented by black 

squares. 

3.4. Impact of Strategy Changes on the ZPD Estimations 

Even when not directly linked to the ZPD estimation process, changes in the GNSS processing strategy (e.g. 
elevation cut-off angle, ocean tide loading model…), may impact the ZPD estimates above the desired levels 
of precision and accuracy [Pottiaux 2008b]. Usually, this impact is assessed (in terms of precision) by 
comparing “internally” two GNSS ZPD solutions. However, radiosonde observations provide an external 
reference that help to assess the impact of a processing strategy change on the ZPD estimates. This statement 
is illustrated by assessing the impact of the reference frame change from IGS00 to IGS05 along with the 
switch from relative to the absolute antenna Phase Centre Variation (PCV) models. We used the EPN 
combined troposphere product and compared it to ZPD values derived from radiosonde observations. 

A complete description of the EPN combined troposphere solution is available in [Söhne et al., 2002]. 
Basically, the EPN combined troposphere solution is a combination of the individual troposphere solutions 
provided by the 16 Local Analysis Centres (LAC). The EPN combined troposphere solution is available 
since GPS week 1100 and each site included in the combination is at least processed by 3 LAC.  

On the 1st November 2006 (GPS week 1400), all EPN LAC applied the switch to IGS05 and absolute 
antenna PCV models.  The time evolutions of the weekly mean bias of the individual solutions with respect 
to the combined solution, as well as its standard deviation, are shown in Figure 7 and Figure 8.  The impact 
of the strategy change (IGS05 and absolute PCV models) reduced significantly the biases between the 
individual LAC solutions as well as their standard deviation. Currently, the weekly mean bias of the 
individual LAC solutions with respect to the combined solution is below 2 mm. 

http://www.swisstopo.ch/pnac
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Figure 7: Weekly mean bias of the individual LAC troposphere solutions  

with respect to the EPN combined troposphere solution. 

 
Figure 8: Standard deviation of the individual LAC troposphere solutions  

with respect to the EPN combined troposphere solution. 

As an example, the impact of the strategy change on the ZPD estimation is assessed for the EPN twin-
stations BOGI and BOGO in Borowa Gora (Poland), which are co-located with radiosonde stations. The 
differences between the radiosonde-based and the combined EPN ZPD solutions for both EPN stations are 
shown in Figure 9. During the 2004-2008 period, the EPN stations BOGI and BOGO were equipped solely 
with a unique antenna type: an ASH700936C_M for BOGI and an ASH701945C_M for BOGO, both with 
SNOW radome. Over the 2.5 years preceding the strategy change, a clear bias with respect to the radiosonde-
based estimations is detected. The magnitude of these biases is of about 18 and 11 mm for the station BOGI 
and BOGO respectively. Higher discrepancies between the two techniques are also visible during the 
summer time for both stations. This is held true after the processing strategy changes. Nevertheless, after a 
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small gap at the end of 2006 due to missing radiosonde observations, the bias between the GNSS-based and 
the radiosonde-based ZPD estimates is reduced to about 1 mm for both stations. This is a clear improvement 
brought by the switch to IGS05 and absolute antenna PCV model. The slightly too wet values for the GNSS-
based ZPD estimates is an effect already mentioned in the previous EU-projects in the area of GNSS-
meteorology. Depending on the used GNSS antenna, this bias could be further reduced, as shown in the case 
of BOGI and BOGO. Nevertheless, one needs to take into account the error budgets of each technique, 
resulting in a possible bias of more than the shown 1-2 mm ZPD bias. The standard deviation also showed a 
slight improvement after the strategy change of roughly 10%, but due to the different lengths of the time 
series this effect is still to be confirmed. 

 
Figure 9: Differences between the GNSS-based and the radiosonde-based ZPD for the site of Borowa Gora in 

Poland. The blue triangles represent the ZPD obtained from the BOGO reference station  
while the red dots represents those of BOGI. 

 
SITE 
 

Nb. 
Obs. 

Mean 
(mm) 

Stdev. 
(mm) 

AJAC 1605 -9,48 9,93 

BOGI 1916 -17,63 8,06 

BRST 1304 -7,68 10,22 

CAGL 2708 -13,43 13,52 

CAGZ 2722 -10,95 13,97 

GLSV 1773 -4,34 14,09 

GOPE 4799 -11,55 10,97 

HERS 1897 -7,37 9,21 

HERT 1844 -14,80 43,82 

MEDI 1576 -11,60 12,04 

MORP 1666 -11,78 9,85 

SOFI 855 -15,75 8,48 

SULP 323 -3,86 12,08 

VILL 1632 -9,64 10,25 

ZIMM 2058 -17,22 11,87  

Figure 10: Mean biases (red bars) and standard deviations (blue bars) of the differences between the GNSS-based 
and radiosonde-based ZPD for a few EPN stations before the strategy change. Since HERS and HERT are co-

located, the bad agreement of HERT must be put at the account of the GNSS processing. 
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SITE 
 

Nb. 
Obs. 

Mean 
(mm) 

Stdev 
(mm) 

AJAC 553 11,49 14,68 

BOGI 911 1,53 7,17 

BRST 587 3,09 14,91 

CAGL 992 0,19 11,42 

CAGZ 893 5,49 12,02 

GLSV 869 -3,15 14,63 

GOPE 1914 1,53 8,12 

HERS 923 2,92 9,49 

HERT 933 -5,41 43,30 

MEDI 476 7,27 8,67 

MORP 551 -0,20 8,76 

SOFI 466 -2,74 6,73 

SULP 194 6,88 14,53 

VILL 853 2,23 9,22 

ZIMM 1042 -1,11 12,41  

Figure 11: Mean biases (red bars) and standard deviations (blue bars) of the differences between the GNSS-based 
and radiosonde-based ZPD for a few EPN stations after the strategy change. Since HERS and HERT are co-located, 

the bad agreement of HERT must be put at the account of the GNSS processing. 

3.5. Detection of Biases, Trends and Signals in ZPD Time Series 

The detection of biases, trends and signals in ZPD time series is important for meteorological and climate 
applications but also for geodetic applications. Indeed, on one hand, water vapour is the major greenhouse 
gas in the atmosphere [Desbois et al., 2000], [Elgered et al., 2007] and the long-term trends in the ZPD time 
series corresponds to the long-term evolution of the atmospheric water vapour content. The detection of 
these long-term trends is thus important for climate applications such as the global warming monitoring. 
Unfortunately, the example given in Section 3.4 taught us that, at the moment, changes in the processing 
strategy (i.e. the switch to IGS05 and absolute antenna PCV models) impact the determination of the ZPD 
above the level of accuracy requested to detect the trend expected for the global warming. Consequently, a 
complete reprocessing of the GNSS observations with a unique homogenous processing strategy applying 
state-of-the-art models is a prerequisite of the interpretation of ZPD time series.  

In GNSS meteorology, the ZPD estimates are assimilated in Numerical Weather Prediction (NWP) models. 
To be properly assimilated in these models, the origin of biases and trends in the ZPD time series must be 
identified for each station and properly taken into account in the assimilation process.  

On the other hand, for geodesy, the station heights remain more difficult to determine than the other 
coordinate components. This is partially due to the high correlation between the height component and the 
ZPD estimates. The detection of ZPD biases, short-term trends and artificial signals is useful to identify 
possible miss-modelling of the troposphere during the GNSS data processing that consequently impacts the 
station height determination. In that frame, radiosonde observations provide geodesists the capability to 
detect artificial signals in the ZPD time series.  

To illustrate this point, we compared the EPN combined troposphere solution for the station Zimmerwald in 
Switzerland with the corresponding time series obtained from radiosonde observations (collocation distance 
40 km). The time series of ZPD differences over more than 4 years is shown in Figure 12. In addition to the 
jump introduced by the switch to IGS05 and absolute antenna PCV models, the time series reveal a clear 
annual signal with amplitude of about 20 millimetres. Part of this large amplitude is probably caused by the 
large co-location distance of 40 km. Nevertheless, comparisons with the GNSS data of the directly co-
located permanent GNSS station Payerne (part of the Automated GNSS Network of Switzerland AGNES 
and not part of EPN) still show some but smaller annual variations [Guerova, 2003b].  
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Figure 12: Annual signal in the differences between the GNSS-based and the radiosonde-based ZPD  

for the site of Zimmerwald (Switzerland) - co-location distance: 40 km. 

4. Conclusions 
In this paper we reviewed the current status of the new scientific EUREF-EUMETNET collaboration. In the 
frame of this collaboration, EUMETNET granted EUREF access to meteorological observations for GNSS 
data processing, analysis and validation. Since June 2008, radiosonde and synoptic observations are made 
available to the EUREF community. Based on the radiosonde observations, we demonstrated the potential 
benefits of this new collaboration in various geodetic applications. We showed that radiosonde observations 
can be used to validate the troposphere modelling strategy used during the GNSS data processing for 
geodetic and meteorological applications. We also showed that radiosonde observations can be used to 
assess the impact of a strategy change on the tropospheric delay estimation process. Finally, we showed that 
radiosonde observations can help in the detection of biases, trends and signals in the ZPD time series.  In the 
future, the meteorological database setup by EUMETNET will be enriched with other source of data, which 
will, even more, enlarge the field of applications. 
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