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Motivation for GNSS positioning 



GNSS and METEO comunity integration 



GNSS Troposphere delay 
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GNSS Troposphere delay 

 Saastamoinen (Saastamoinen, 1973) 

 Hopfield (Hopfield, 1969) 



GNSS Troposphere delay 



GNSS Troposphere delay 



GNSS Troposphere delay – mapping functions 



GNSS Troposphere delay for meteorology 



GNSS and METEO motivation 



EUREF Permanent Network troposphere products 



IGS Global Network troposphere products 



COST-716 Format 



E-GVAP The EUMETNET EIG GNSS water vapour programme 

(http://egvap.dmi.dk) 

  



E-GVAP The EUMETNET EIG GNSS water vapour programme 

(http://egvap.dmi.dk) 

  



E-GVAP „WUEL” - The WUELS contribution 

 

 

Oct 15th, 2012 to Apr 11 2015 (BSW 5.0) 



COST Action ES1206 - GNSS4SWEC - Advanced Global Navigation 
Satellite Systems tropospheric products for monitoring severe weather 
events and climate (http://gnss4swec.knmi.nl) 



COST Action ES1206 - GNSS4SWEC - Advanced Global Navigation 
Satellite Systems tropospheric products for monitoring severe weather 
events and climate (http://gnss4swec.knmi.nl) 



NRT DD processing details 

Parameter Value 
Processing type Post-processing (Double-differenced) 
Satellite system considered GPS only 
Observation window 6 hours 
Observation cut-off angle 5o 
Baseline forming strategy OBS-MAX 
Ambiguity resolution strategy Baseline length dependent: 

a) < 20km:   SIGMA on L1 and L2, 
b) 20km to 180km: SIGMA L5/L3 (wide-lane/narrow-lane), 
c) > 180km:  QIF (quasi iono-free) 

Ionosphere handling Baseline length dependent: 
a) < 20km:  Global model (CODE) for L1L2; 
b) 20km to 180km: Global model (CODE) for L5 and HOI L3; 
c) 180km to 1000km: Global model (CODE) + stochastic  
  ionosphere parameters estimation (QIF) 

Troposphere handling Phase observables screening stage: 
a) A priori model DRY GMF, 
b) Site specific parameters WET GMF (ZTD spacing: 2h; no constraining), 
Final solution stage: 
a) A priori model: DRY GMF, 
b) Site specific parameters: WET GMF (ZTD spacing: 30min; no constraining;   
gradient model: CHENHER Chen and Herring (1997), gradient spacing: 6h) 
Product output: 
Relative constraining over 1 hour (3mm for ZTD and 0.5 mm for gradients). 

Reference frame for epoch solution IGS and ARGN  IGb08 coordinates and velocities 
Method of referencing epoch solutions Minimum constraining on all reference station positions. 



NRT PPP processing details 

 

 

Processing type Post-processing (Zero-differenced) 

Satellite system considered GPS only 

Observation window 12 hours 

Observation cut-off angle 5o 

Ambiguity resolution strategy None 

Ionosphere handling Global model (CODE) for HOI L3; 

Troposphere handling Phase observables screening stage: 
a) A priori model DRY GMF, 
b) Site specific parameters WET GMF (ZTD spacing: 2h; no constraining), 
 

Final solution stage: 
a) A priori model: DRY GMF, 
b) Site specific parameters: WET GMF (ZTD spacing: 30min; no constraining;   
gradient model: CHENHER (Chen and Herring (1997), Effects of atmospheric 
azimuthal asymmetry on the analysis of space geodetic data, Journal of 
Geophysical Research, 102(B9), pp. 20489-20502) gradient spacing: 1h) 
 

Product output: 
Relative constraining over 1 hour (3mm for ZTD and 0.5 mm for gradients). 

Reference frame for epoch solution IGb08 coordinates of satellites 

Method of referencing epoch solutions Free solution 



New „WUEL” network (ASG-EUPOS + SmartNet) 

Since Aug 26, 2015 

12:00 UTC (BSW 5.2) 



Quality assesment of new NRT service 

Comparison of ZTD estimates with CODE Rapid ZTDs on common 

IGS stations for the last three weeks of September 2015 



APPLICATION OF TROPOSPHERE MODEL FROM GNSS DATA 

INTO PPP 



APPLICATION OF TROPOSPHERE MODEL FROM GNSS DATA 

INTO PPP – comparison with IGS results 



GNSS-WARP software 

GNSS-WARP  

Wroclaw Algorithms for Real-time Positioning 

• original, self-developed, state-of-the-art PPP software 

• purpose: multi-GNSS RT-PPP & PPP-RTK algorithms development 

• GNSS: GPS+GLO, GAL & BDS only with MGEX products, RT 

• implemented in Matlab (2015a) + Instrument Control Toolbox 

• BNC used as RTCM decoder of IGS RTS streams 

 

RT-ZTD optimization (GNSS-WARP v2.1m): 

• redeveloped and optimized for multi-station, continuous processing 

• performance: >10stations / 1 second @1CPU 

                  (currently: >200 stations every 60 seconds) 

 

Strategy: 

• PPP, static positioning, VMF, IGS03, IERS 2010 models 



GNSS-WARP status 

GPS 

GALILEO 

BeiDou 

GPS GLONASS Galileo BeiDou 

SP3+CLK operational operational operational test phase 

broadcast operational operational operational tracked 

real-time operational IOD problems test phase not available 



GNSS-WARP software – real-time troposphere service 
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APPLICATION OF TROPOSPHERE MODEL FROM GNSS DATA 

INTO RT PPP 



APPLICATION OF TROPOSPHERE MODEL FROM NWP AND 

GNSS DATA INTO RT PPP - Methodology 



APPLICATION OF TROPOSPHERE MODEL FROM NWP AND 

GNSS DATA INTO RT PPP - Data 



APPLICATION OF TROPOSPHERE MODEL FROM NWP AND 

GNSS DATA INTO RT PPP – Collocation - ZTD results  



APPLICATION OF TROPOSPHERE MODEL FROM NWP AND 

GNSS DATA INTO RT PPP – troposphere constrainig (1)  



APPLICATION OF TROPOSPHERE MODEL FROM NWP AND 

GNSS DATA INTO RT PPP – troposphere constrainig  (2) 



APPLICATION OF TROPOSPHERE MODEL FROM NWP AND 

GNSS DATA INTO RT PPP – troposphere constrainig  (3) 



CONCLUSIONS 

1. NRT ZTD future developments: 

• to reduce the latency to 5 minutes (from 20 minutes) 

• to increase the processing interval to 15 minutes (from 1 hour) 

• to support Multi-GNSS data (currently GPS and GLONASS solution) 

• improvements in PPP solution 

• development of optimal ZTD and gradient constraining strategy to 

obtain consistency with NWP models 

• NRT estimation of Slant Tropospheric Delays 

 

2. Real-Time future developments: 

• continuous processing (without re-initializations) 

• full GNSS constellation 

• ambiguity fixing 

• estimation of Slant Tropospheric Delays 

• Mapping functions development  
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