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ROB’s Contribution to E-GVAP
STATUS SINCE LAST MEETING
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Announced last year

New developments, with major focus:

 Upgrading to the Bernese GNSS software v. 5.2.

 Upgrading to a new I.T. infrastructure and new OS.

 Preparing for a multi-GNSS (GPS+GLONASS) processing.

 Preparing new operational solutions (sub-hourly and global).
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Work Plan and Solutions Nomenclature 4

Name Geographical Scope Update Cycle Targeted Application To E-GVAP?

ROBP World-Wide 1-day CRD + Validation No

ROBH Europe 1-hour European NWP D.A. Yes

ROBT Europe 1-hour Test for ROBH Yes

ROBG World-wide 1-hour Global NWP D.A. Yes

ROBQ Benelux/Europe 15-min Rapid-Cycle Hi-Res. NWP D.A. Yes

ROBR World-Wide Real-time Nowcasting No
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What Happened in 2016? 5

Before 29 Nov 2016 After 29 Nov 2016

Software GNSS Status Software GNSS Status

ROBH BSW 5.0 GPS only Operational BSW 5.2 GPS+GLO Operational

ROBT BSW 5.2 GPS+GLO Test BSW 5.2 GPS+GLO Test

ROBG BSW 5.2 GPS+GLO Test BSW 5.2 GPS+GLO Operational

ROBQ BSW 5.2 GPS+GLO Test BSW 5.2 GPS+GLO Operational

Switch



General Processing Parameters

 Bernese GNSS Software v 5.2.

 IERS standards 2010.

 Troposphere Model: GMF dry as a priori / Estimation of the GMF wet.

 Atmospheric Tidal Loading (ATL) applied.

 GPS + GLONASS observations.

 IGV Ultra-rapid orbits and ERPs (fall back to IGU and/or CODE possible).

 Updated FES2004 coefficients for the Ocean Tide Loading (OTL).

 Products in COST-716 Format 2.2a and new file naming convention.

6



ROBH for European NWP Models D.A. 7

Status: 1 December 2016 (Several stations are located outside the represented domain).

ROBH (390750 stations)

15-min Sampled ZTD

~750 GNSS Stations

European Network

GPS+GLO, 2 HRS arc + Stacking

ZTD-Only

Hourly Update Cycle

Comp. ~20-25 min - Latency ~ 45 min

Targeted Application: 

regional NWP
Operational

Uploaded to E-GVAP



8ROBT for tuning ROBH and Test D.A. 

Purposes

15-min Sampled ZTD

~760 GNSS Stations

Mainly EPN + National Network stations

GPS + GLONASS, 2 HRS arc + NEQ Stacking

ZTD-Only

1-Hour Update Cycle

Computation ~30 min - Max. Latency ~ 47 min

Targeted Applications: 

Global NWP D.A.

COST Format 2.2a

Uploaded to E-GVAP
Status: 1 December 2016 (Several stations are located outside the represented domain).



9ROBG for Global NWP Models D.A.

15-min Sampled ZTD

~300 GNSS Stations

Mainly IGS stations

GPS + GLONASS, 4 HRS arc, no Stacking

ZTD-Only

1-Hour Update Cycle

Comp. ~10-14 min - Max. Latency ~ 45-50 min

Targeted Applications: 

Global NWP D.A.

COST Format 2.2a

Uploaded to E-GVAPThree contributions to global NWP D.A.: GOPG (operational), 
METG (test?) and ROBG (operational)  combination / 

quality checks possible (ASIC).

Status: 1 December 2016 (Several stations are located outside the represented domain).



10ROBQ for (NWP) Nowcasting (D.A.)

Additional real-time/highrate GNSS observations from Luxembourg, 

north of France, Germany, Denmark can be useful.

15-min Sampled ZTD

~230 GNSS Stations

National Networks + EPN stations

GPS + GLONASS, 4 HRS arc, no Stacking

ZTD-Only

15-Min Update Cycle

Comp. ~8-13 min - Max. Latency < 15min

Targeted Applications: 

rapid-update NWP and nowcasting

COST Format 2.2a

Uploaded to E-GVAP

Nowcasting Domain

Only the last 15 minutes !!!

Status: 1 December 2016 (Several stations are located outside the represented domain).



Example of what Happened on Nov. 29: 

Météo France
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Example of what Happened on Nov. 29: 

Météo France
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Example of what Happened on Nov. 29: 

Météo France
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Example of what Happened on Nov. 29: 

Météo France
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Example of what Happened on the D.A. 

side : Météo France
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Example of what Happened on Nov. 29: 

Météo France
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ROB’s Contribution to GNSS4SWEC
RECENT ACTIVITIES
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AMT Paper on State-of-the-Art in S.I. 18

http://www.atmos-meas-

tech.net/9/5385/2016/amt-9-5385-2016-

relations.html



Main Recent Contributions

 RT PPP activities: processing GNSS observations in (true) real-time in 

support to rapid-cycle NWP and nowcasting applications.

 Producing (precise) Slant Tropospheric Delays (STD) based on the 

Bernese GNSS Software 5.2 and a double-difference approach.

 Producing and homogenizing long-term tropospheric time series for 

climate model validation, and climate trend and time variability studies.
 See also Roeland’s presentation + CORDEX.Be hereafter
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20ROBR: Real-Time Tropospheric Products

30-sec Sampled ZTD+GRD

185 GNSS Stations

National Networks + EPN + IGS stations

GPS and GPS + GLONASS mode

ZTD and Gradients (GRD)

RT Update Cycle

Latency < 100 sec

Targeted Applications: 

rapid-update NWP and nowcasting

COST Format 2.2aGOP-ROB Collaboration: Using Tefnut to generate real-time 

tropospheric products including asymmetry information and to 

contribute to the Real-time Demonstration Campaign. Not uploaded to E-GVAP



ROBR: Real-Time Tropospheric Products

 Real-time demonstration campaign : continuous production which also 

assess ‘operation’ production, such as we did in COST-716.

 Real-time benchmark campaign : producing various flavor of real-time 

products based on the benchmark data in order to assess, fine-tune 

and optimize the real-time tropospheric products.

 These activities will continue after GNSS4SWEC in the framework of the 

IAG 4.3.7 working group “Real-time GNSS tropospheric products”

chaired by Jan Dousa. (+ link to E-GVAP)
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Production of Slant Delays with BSW52

 Based on the original work done by 

Van der Marel et al. 2005 (TOUGH 

Program).

 Multipath and slant delay algorithms 

and programs originally  upgraded 

to work on BSW 5.2.

 Using the Benchmark campaign 

data of GNSS4SWEC.
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Paper submitted to AMT (GNSS4SWEC 

Special Issue), should appear soon in the 

discussion area.



Production of Slant Delays with BSW52

 This work will be continued:

 I already completed the processing of the full benchmark dataset.

 I plan to produce longer time series of STD of a subset of stations (EPN?).

 I plan to produce Slant Tropospheric Delays for one or several specific case 

studies, exploiting dense networks such as the Belgian one so that D.A. of 

slant delays can be evaluated and optimized.
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ROB’s Contribution to GNSS-Climate
STATUS SINCE LAST MEETING
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ROB’s Post-Processing Solution

Goals:

 Provide the very precise station positions needed for ROBH, ROBQ, ROBG, 

ROBT tropospheric Products.

 Provide very precise troposphere products for operational tropospheric 

product validation.

 Is the basis for preparing long-term re-processing activity (e.g. High-

resolution climate model assessment and validation).
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27ROBP for NWP/Climate Re-Analysis

1-hrs Sampled ZTD

~1200 GNSS Stations

National Networks + EPN + IGS stations

GPS + GLONASS, daily RINEX, 

Possible 3-day Stacking

ZTD-Only (but GRD possible)

Daily Update Cycle

Comp. time: ~ 16-20 hours - Latency ~ 6 days

Targeted Applications: 

NWP re-analysis and Climate Models

COST Format 2.2a

Not uploaded to E-GVAP



CORDEX.be: COmbining Regional 

climate Downscaling EXpertise in Belgium

Objectives:

 Contribution to the CORDEX project.

 Beyond CORDEX: high resolution 

runs.

 Beyond CORDEX: local impact 

models.

 Inferring the climate uncertainties to 

the Belgian level (4 high-res models + 

CORDEX ensembles).
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ROB Involvement in CORDEX.be

 ROB leads the WP “High-Resolution Climate model runs verification in 

Belgium” (ALARO, COSMO-CLM and MAR).

 ROBP, albeit a different GNSS network, was used to provide the 

tropospheric products in COST-716 Format 2.2.

 ZTD2IWV conversion and choice of climate variable to compare (ECV) 

for the verification.
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GNSS Stations Used in the CORDEX.be Re-

Analyse (Within the high resolution domain only)

 Selection Criteria:

 Location: max within the high-resolution 
domain + world-wide.

 Length : Permanently observing (2000-
2010), very few gaps.

 Quality: High-quality observations

 Providing accurate Meta-data.

 World-wide: ~150 (in 2000) and 300 (in 
2010) GNSS stations

 High-Resolution Domain: between 15 
(in 2000) and 22 (in 2010) GNSS 
Stations
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Conclusions and Plans
FOR 2017-2018
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Conclusions and Plans

 The porting to the new I.T. infrastructure + Bernese GNSS software v 5.2 
(GPS+GLONASS ) has been fully completed (29 Nov. 2016)

 ROBH has been upgraded to BSW 5.2 

 The new global solution ROBG and the sub-hourly (15min) ROBQ are now 
provided as operational solutions.

 ROBT remains for for testing, fine-tuning & assessments (even if uploaded to the E-
GVAP hub).

 Shorter-term plans: space for improvements and optimisations remains and 
will be investigated.

 Long-term plans: investigate the production of horizontal gradients and 
slant delays in hourly analysis + real-time production?

33



Some Open Questions & Discussions

 Fall-back mechanisms for orbit products is possible when these products are delayed. 
Should we implement such fall-back procedures? Impact on D.A. ? (e.g. O-B statistics).

 Latency versus quality & quantity ?  see also requirement review.

 Parameter constraints: currently over-constraints?  (Link to variational bias correction, 
impact studies…)

 Feedback (e.g. O-B graphs such as Météo France) can be very usefull, particularly if these 
are station per station! (See recent case with UK Met Office)  should be generalised?

 Authenticating users of our products becomes more and more essential to sustain our 
activities as analysis centre! (e.g. we need to justify the running cost of such service) 
how to achieve that?
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Nomenclature of the ROB solutions 35

ROB has 5 processing systems and provides solutions from 4 of them to E-GVAP:

ROBH
Input: Hourly RINEX files
Update cycle: Hourly 
Purpose: European NWP data assimilation

Operational
~ 750 stations

Proc. time: 20-25 min.

ROBT
Input: Hourly RINEX files
Update cycle: Hourly
Purpose: Tests + prepare next ROBH

Tests (for R&D)
~ 770 stations
Proc. time: ~ 30 min.

ROBQ
Input: Real-time GNSS observations (NTRIP)
Update cycle: Sub-hourly – every 15 Minutes
Purpose: Nowcasting + rapid-cycle NWP data assimilation

Operational
~ 230 stations

Proc. time: ~ 8-13 min.

ROBP
Input: Daily RINEX files
Update cycle: Daily (latency of 6 days)
Purpose: CRD + validation + prepare for re-analysis

Internal only
~ 1200 stations
Proc. time: 16-20 hours

ROBG
Input: Hourly RINEX files
Update cycle: Hourly
Purpose: Global NWP data assimilation

Operational
~ 300 stations

Proc. time: ~ 10-14 min.

BSW 5.2

GPS+GLO

BSW 5.2

GPS+GLO

BSW 5.2

GPS+GLO

BSW 5.2

GPS+GLO

BSW 5.2

GPS+GLO


