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Weekly Combined Tropospheric Product and Densification

Starting in 1997 the IGS Final weekly combined tropospheric product (Gendt, 1996) is now available for more than 5 years. Its internal consistency, obtained by comparing the individual submissions to the combined result, has a standard deviation of 2 to 3 mm in the zenith total delay (ZTD) for most Analysis Centers (AC), where the best ACs are approaching the 2 mm level (see Gendt, 2001). The biases between the individual submissions had stabilized during the past two years, being now in the band of ±2 mm (Fig. 1). Recent changes in the analysis strategy by a few ACs gave only small jumps in the bias.

The used parameterization is also converging. All but one AC are using now the Niell mapping function. Various elevation cut-off angles are applied (15 degrees by EMR, JPL, NGS; 10 by ESA, SIO; 7 by GFZ; 3 by CODE) with a clear tendency for lower angles. 
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Fig. 1. Bias in the zenith neutral delay between the individual GPS estimates and the IGS Combined Product. Mean values (over all sites) per week and per Analysis Center.
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Fig. 2.
Number of sites with meteorological sensors 

The number of collocated meteorological sensors is improving steadily (Fig. 2), however, compared to the total of nearly 200 stations there is an obvious need for additional met packages, especially in the lower latitudes. 

Test of Densification. In June 2001 the EUREF community had started a Pilot Experiment for the generation of tropospheric products. The network comprises about 150 sites (Fig. 3).  Sub-networks analyzed by 15 individual EUREF ACs are combined by GFZ and BKG (since June and July, respectively) to an EUREF Tropospheric Product. The quality, checked by comparing the submissions to the combined product, is between 2.5 and 4.5 mm in the standard deviation and –6 to 3 mm in the bias. A unification of the analysis parameters (Niell mapping function, 10 degree cut-off) brought a better agreement in the bias (see Fig. 4).

The inclusion of EUREF into the IGS combination was tested during 2001. The quality of the EUREF combined product corresponds to that of the best IGS ACs (< 3mm ZTD; Fig. 5). Its bias had a jump connected with the change in the analysis strategy and is now at level of 2 mm ZTD. While the IGS weekly combined solution comprises now usually 160 sites, its number will grow to 235 adding the EUREF combination. 

Summary. The quality of the IGS combined product corresponds to better than 1 mm in the water vapor content and is hence sufficient for meteorological studies. The densification with the EUREF network will be officially started as soon as EUREF finishes their pilot phase. Hopefully, other regional networks (e.g. SIRGAS, AUSLIG) can be added in future too.
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Fig. 3: EUREF network with tropospheric estimates

[image: image4.wmf]
Fig. 4: Consistency within EUREF. Comparison of individual submissions to the EUREF combined product.

[image: image5.wmf]
Fig. 5: Inclusion of EUREF into IGS-Combination. Comparisons to the IGS combined product.
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Fig. 6. IGS network with NRT tropospheric products

Towards a Near-Real-Time Product
At its 15th Governing Board Meeting in December 2000 IGS has decided to generate an hourly tropospheric product with short latency. With a Pilot Experiment, which started in June 2001, the quality of such a near real-time (NRT) product should be assessed. Initially a repetition of three hours was chosen to reduce the burden for the contributing ACs. The ACs submit a product with at least hourly resolution including the last 12 hours (or more), and the combined product is formed every three hours for the latest 12 hours. In Table 1 information on all contributions is summarized. It should be emphasized that JPL already computes real-time products.

The combination is performed as soon as all contributions are available or if after 3 hours (not to exclude late ACs) at least 2 ACs had submitted. In case of problems with ftp or hardware the combinations of old products is performed automatically as soon as possible, so that a complete set of products is available for statistics. The new product is generated with a very high reliability since more than half a year now. The network comprises about 100 stations (Fig. 6). For more than 50, which are analyzed by at least two ACs, the consistency can be checked. The differences of the NRT ACs submissions to the NRT combined product show standard deviations of 3 to 5 mm ZTD and biases in the band of ±4 mm (Fig. 7). To get an ‘absolute’ quality measure for the NRT products, individual and combined ones, daily files are composed from the last three hours of each NRT solution. These daily files are then compared to the IGS weekly products. For the individual ACs standard deviations from 4 to 9 mm ZTD and biases of ±3 mm can be seen, whereas the combined product has a standard deviation of 5 to 6 mm and only a small bias, which went down to 1 mm during the last months (Fig. 8).

Summary. The experiment demonstrated that a reliable NRT product in a global scale could be generated. The value of such a product lies in a quality control of regional applications (here 5-20 sites per region should be the goal). If the product should be assimilated into numerical weather prediction models then the delay has to be shortened to less than 2 hours and the update cycle has to be coordinated with the time of the model runs (possibly IGS has to go to an hourly update cycle). Both requirements could principally be fulfilled. An enlargement in the number of stations could easily be realized using the available satellites clocks for a precise point positioning for all hourly stations.

Table 1. Summary on Analysis Center contributions to NRT Trop Pilot Experiment

	AC
	Submission rate
	No. stations
	Delay[h]
	Start of submission

	EMR
	3h
	40
	1:40
	06/2001

	GFZ
	3h
	35
	1:15
	06/2001

	ESA
	12h
	30
	2:30
	07/2001

	SIO
	3h
	36
	1:50
	08/2001

	USNO
	3h
	30
	2:00
	09/2001

	JPL
	Real-time
	34
	0
	11/2001

	GOP*
	3h
	60
	2:30
	02/2002

	
	* GOP- Geodetic Observatory Pecny, EUREF Analysis center
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Fig. 7. Difference of NRT Analysis Center solutions to the NRT combined product. (Each symbol corresponds to one Analysis Center.)
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Fig. 8. Difference of NRT Analysis Center and NRT combined solution to the IGS Final weekly product. (For comparison daily NRT files are composed by last 3 hours of all NRT solutions. Each symbol corresponds to one Analysis Center.) 
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