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Ground-based ZTD / IWV
TOMO
COMEDIE

Observing Network

WUELSNET Network:

Meteo-stations:
@ Poland

15 EPN stations (Paroscientific Met4A)
75 SYNOP stations (Vaisala MAWS)
22 METAR stations

273 stations
40 km mean distance

EPN Station (48)
ASG-EUPOS Station (87)|
SmartNet Station (138)

Stations: -
®ASG-EUPOS
+METAR

@ ZTD/STD, IWV

@ P [hPa], T[°C], RH [%]
@ data interval: 30’ - 1h

@ reports: 30" - 1h
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Ground-based ZTD / IWV
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Observing Network

Meteo-stations: VICNET Network:
15 EPN stations (Paroscientific Met4A) @ Victoria, Australia
75 SYNOP stations (Vaisala MAWS) 156 stations
22 METAR stations 70 km mean distance

Stations: -
WASG-EUPOS| ;¢
+METAR

@ P [hPa], T[°C], RH [%] @ ZTD/STD, IWV
@ reports: 30’ - 1h @ data interval: 30’ - 1h
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Ground-based

NRT ZTD

BNCSKLCR

(import of the newest
station log files and
preparing of SKL files for
BNC software)

BNCv2.11
(RTCM3 to RINEX 2.11)
+FTP support

DATAFEED

(ORB/ERP/ION/DCB file
management and setting
the BERNESE user variables)

RUNNET.pl

(runs the BERNESE 5.2 DD
processing scenario)

FINAL PRODUCT
ESTIMATION

(13)

AMBIGUITY RESOLUTION
(L5/L3, QIF, L1L2)

PRELIMINARY L3 FLOAT
SOLUTION

of coordinatesand
troposphere

CLOCK SYNCHRONIZATION
AND DATA CLEANING (SPP,
triple differences and L3

REFERENCE FRAME CHECK

(Helmert 3-parameter
transformation)

RE-ESTIMATION

(if reference frame
changed)

STACK OF THE LAST 6
SOLUTIONS

(relative constraining
appliedfor ZTDs and
gradients)

ouTPUT
(TRP, TRO SINEX, COST-716)

L5/L3 (code & phase) strategy

Reference frame

A priori ZTD model/mapping function

Estimated ZTD model
Ambiguity resolution

ITRF2008 (for the epoch of measurements)
Saastamoinen/Dry GMF

Wet GMF

L5/L3, QIF, L1/L.2
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Ground-based ZTD / IWV
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NRT ZTD

VICNET ZTD wrt IGS final ZTD (91 - 170 DOY 2015)

10

8

6

[mm]

CEDU HOB2 MOBS PARK STR1 STR2 TID1 MEAN
o bias FLOAT -0,70 -1,08 -0,22 -1,48 0,85 0,03 2,16 -0,06
M bias FIXED -0,46 -1,07 -0,01 0,51 0,97 0,03 2,43 0,35

stddev FLOAT| 5,21 6,23 5,53 576 5,82 7,94 6,64 6,16
B stddev FIXED | 5,00 6,08 5,52 6,27 5,75 7,62 6,78 6,14
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Ground-based ZTD / IWV
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IWV (GNSS and Meteo)

Integrated Water Vapor
Available for both:

ZWD K _q @ WUELSNET (GNSS + meteo)
wyv =" (kg + 2 @ VICNET (GNSS
106-Rw(2+Tm> (GNSS)

01:00 AM 09:00 AM

Ry =461525+0.003[J-kg~'-K~]
K,  =24+11[K-hPa~']

ks  =3.75+0.03[105- K2 hPa~ 1]
Ty ~702+072- T,

WV [kg/m?]

where Ry is universal constant for wet air, ké and k3 are
refractivity coefficients (Boudouris, 1963), Ty is surface
temperature, Ty, is mean temperature

8
6
4
2
0

Bosy, J. et al. (2012). Near real-time estimation of water vapour in the troposphere using ground GNSS and

Reference:
the meteorological data, Ann. Geophys., 30, 1379-1391, DOI: 10.5194/angeo-30-1379-2012
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http://www.ann-geophys.net/30/1379/2012/angeo-30-1379-2012.html

Ground-based ZTD / IWV
TOMO
COMEDIE

GNSS WARP

GNSS Wroclaw Algorithms for Real-time Positioning

@ designed for Precise Point Positioning (RT and PP)
@ short-time forecasts of orbit corrections (up to 8 min/4 min for GPS/GLONASS)
@ random-walk ZTD constrained by regional model

16503,

1GS-RTSproducts | RTCM3EPH NRT ZTD
products.igs-ip.net Ntrip ftp.metoffice.gov.uk
Tce/IP
EPN stations data | P/t @ 2freq
www.euref-ip.net Ntrip
External data monitorant, VMF, igs08.atx
IGS/EPN data centers ASCIl files (ftp)

Reference: Hadas, T. and Bosy, J. (2014). IGS RTS precise orbits and clocks verification and quality degradation over
time. GPS Solutions, 1-13. DOI: 10.1007/s10291-014-0369-5

BNC2.11
1ZTD / 15min
COST 716

COMPARISON:
- mean bias of residuals
ASCII file - stdDev of residuals
-mean formal error

1Hz ZTD

GNSS-WARPv2.1
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http://link.springer.com/article/10.1007%2Fs10291-014-0369-5

Ground-based ZTD / IWV
TOMO
COMEDIE

GNSS WARP

GNSS Wroclaw Algorithms for Real-time Positioning

@ designed for Precise Point Positioning (RT and PP)
@ short-time forecasts of orbit corrections (up to 8 min/4 min for GPS/GLONASS)
@ random-walk ZTD constrained by regional model

standard approach (unconstrained) NRT-ZTD model (constrained)

Reference: Hadas, T. and Bosy, J. (2014). IGS RTS precise orbits and clocks verification and quality degradation over
time. GPS Solutions, 1-13. DOI: 10.1007/s10291-014-0369-5
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http://link.springer.com/article/10.1007%2Fs10291-014-0369-5

Ground-based ZTD / IWV
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GNSS Tomography
TOMO2
Latm(e, o) = STD = 10— f Nds

@ resolving vertical structure of severe weather
@ 3D NRT model for area of Poland

@ a way to derive wet refractivity

@ Kalman filter for forward processing

-

Reference: Rohm, W., and Bosy, J. (2011). The verification of GNSS tropospheric tomography model in a mountainous
area. Advances in Space Research, 47(10), 1721-1730, DOI: 10.1016/j.asr.2010.04.017
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http://www.sciencedirect.com/science/article/pii/S0273117710002784

Ground-based ZTD / IWV
TOMO
COMEDIE

COMEDIE Refractivity

Collocation of Meteorological Data for Interpolation and
Estimation of Tropospheric Pathdelays

@ reconstruction of WRF refractivity profiles and GNSS data
@ validation against radiosonde (04.2014 - 09.2014)

total refractivity difference (N, -N ... ) [ppm]
315 . . . . 0 -

height (km]

| B
i ! {
e’ | 1 i 1 wle 10
. 1 wt il ! | g
34 4| sl I ! | | ,l |\| ' | T
i | | i1 ( 1 15
08 Hi & iy 0 ﬂ | 5"1 i "l -.‘ ‘1 I M’ | |“|‘ [yl &
o JLE LA L DA
MApr  1May 15Ma T um SJun 1u 15ul 1Aug 15Aug 1Sep  15Sep

model WRF WRF/GNSS GNSS
bias 0.22 0.48 1.53
std 2.70 3.31 9.43
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Space-based

GPS Radio Occultation

GPS RO
SLR

Input data (CDAAC atmPhs):
L1 and L2 excess phases (exL1 exL2)
LEO and GPS coordinates (x y z) and velocities (v,v,v,)

A

L1 excess phase correction Dry pressure, temperature
Open Loop method Hydrostatic equilibrium

Refractive index retrieval
Abel transform

Estimation of perigee |
coordinates and azimuth

iyl 4

Radius correction and local Bending angle retrieval
curvature center Phased Locked method

7
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Smoothing and filtering |

lonosphere calibration I

@ NOAA/ESRL Radiosonde Records
@ 3 Polish stations at 00/12 UTC
@ mandatory profiles (17 levels)
@ significant wrt T (= 30)
o N:f(P, T7 Tdd)
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@ 200 km distance mismatch
@ 1-hour window
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Space-based

GPS Radio Occultation
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Space-based

Satellite Laser Ranging

@ insensitive to ionosphere @ ionospheric activity:

@ verification of GNSS observations - high (2001 - 2005)
@ higher order ionospheric delays - low (1995 - 1998, 2007 - 2009)
100 GNSS - SLRAfOI' GPSA35 [mm] .

00 - - =
1994 1996 1998 2000 2002 2004 2006 2008 2010
YEAR

Reference: So$nica, K., Thaller, D., Dach, R., Steigenberger, P., Beutler, G., Arnold, D., Jaggi, A. (2015). Satellite Laser
Ranging to GPS and GLONASS. Journal of Geodesy 89(7), 725-743, DOI: 10.1007/s00190-015-0810-8
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http://link.springer.com/article/10.1007%2Fs00190-015-0810-8

Current Projects

Future Plans
Summary

Current Projects

@ National Science Centre PRELUDIUM: Improving methods of real-time GNSS
satellite precise positioning, 2013 - 2015

@ National Science Centre OPUS: Multi-GNSS real-time Precise Point Positioning,
2015-2018

@ ESA Contract: Higher Order lonospheric modelling campaigns for precise GNSS
applications - HORION, 2014 - 2016

@ National Grant TANGO: GNSS tomography as an important meteorological data
source - results commercialization, 2015 - 2018

@ National Science Centre PRELUDIUM: Prognostic troposphere model based on
meteorological data, GNSS products and Numerical Weather Prediction models,
2015-2017

@ National Science Centre SONATA: GNSS observations as a numerical weather
prediction data source, a way forward to enhanced forecast quality, 2014 — 2017

@ E-GVAP The EUMETNET EIG GNSS water vapour programme), 2012 -

@ COST Action ES1206: Advanced Global Navigation Satellite Systems
tropospheric products for monitoring severe weather events and climate
(GNSS4SWEC), 2013 - 2017
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http://egvap.dmi.dk/
http://gnss4swec.knmi.nl/

Current Projects

Future Plans
Summary

Future Plans

@ Ray tracing in WRF model:

e slant delays
e GPS RO excess phase and bending angle

© GNSS data assimilation:

e ZTD and STD
o GPS RO bending angle

© Real time multi-GNSS:

e multi-GNSS algoritms development
e real time PPP and STD estimation

P. Hordyniec OBS4 | EMS 2015 | Sofia, Bulgaria



Current Projects

Future Plans
Summary

Thank you for your attention

pawel.hordyniec@igig.up.wroc.pl

GNSS&Meteo Group:
www.igig.up.wroc.pl/igg/
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