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I E-GVAP The EUMETNET EIG GNSS water vapour programme

(http://egvap.dmi.dk)
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A EGVAP geodetic partners
B EGVAP members

:] EGVAP members’ countries
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" The Network of European Meteorological Services
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GNSS troposphere monitoring

PPP estimates: X,Y,Z, dt.., troposphere zenith delays (ZTD) and gradients
Integrated Water Vapour (IWV):

o Py - surface air pressure [mbar]
0
(o h) h - point height [m]

point latitude [rad]

ZHD = [0.0022768m/mbar] -

f(o.h) = 1 — 0.00266 cos(2¢) — 0.00000028h = 1

k’. ks - empirical coefficients
a9 b= 4D — ZHD T -70.74+0.72T,
WV = ZWD Ty - surface air temperature

10_6(1(5 + k3/Tm)Rv
R, - 461.525 [J/(kg-K)]

01:00 AM : 08:00 AM

01:00 PM 05.00 PM 09:00 PM

Example of the Integrated Water Vapour (IWV)
2D distribution over the area of

Poland calculated for November 7, 2012,
shown as a time series with 4 hours interval

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

23 COST Countries
55 Participants

25 ESRs (45%),

ot

8 Female Scientists (15%)

o Senior M Male scientists
scientists

i Early Stage M Female
Researchers scientists
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COST Action ES1206 - GNSS4SWEC - Advanced Global Navigation
Satellite Systems tropospheric products for monitoring severe weather
events and climate (http.//gnss4swec.knmi.nl)

ccoskE

Action Chair: Jonathan Jones (esr)
Action co-chair: Guergana Guerova (f)

Met Office

WG1 - Advanced GNSS WG2 - GNSS for Severe WG3 - GNSS for Climate

Processing Techniques Weather Monitoring Monitoring

Chair: Jan Dousa Chair: Siebren de Haan (esr) Chair: Olivier Bock
Co-chair: Galina Dick Co-chair: Eric Pottiaux (esr) Co-chair: Rosa Pacione

The RT PPP service Is realized in the frame of WG1
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I 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
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IGS Real-Time Service

oo m.es IGS RTS - IGS Real Time Service

GMNS55 SERVICE

« real-time orbit and clock correction (SSR RTCM) + broadcast messages (RCTM)

60radial 60radial
60 = 6oalong +* Soalong (t - to)
60, cross o) Osross
r rXr
€along = m €cross = |r » f'l €radial = €along X €cross

6X = [€radial  €along C€cross|50
X = Xproadcast — 6X
6C = Co + Cl(t - to) + Cz(t i to)z

tsat — ¢Sat 6(:

= -
broadcast c

« official products for GPS: 5cm for orbits, 0.3ns (8.5cm) for clocks
« unofficial for GLONASS: 13cm for orbits, 0.8ns (24.5cm) for clocks
« availlability >90%, latency ~30 sec.

Hadas T., Bosy J.: IGS RTS precise orbits and clocks verification and quality
degradation over time, GPS Solutions, Vol. 19, 2015, pp. 93-105
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GNSS-WARP status

() GPS
&1 GALILEO
o1 BeiDou

SP3+CLK operational operational operational test phase
broadcast operational operational operational tracked
real-time operational IOD problems test phase not available
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GNSS-WARP software — real-time troposphere service

RT-ZTD estimator

monitoring &

1Hz log files:

- processing warnings/errors

1GS03,
RTCM3EPH strategy:
IGS-RTS pro_ducts S 1G503, « GPSPPP (L3) static positioning
products.igs-ip.net Ntrip i RTCM3EPH a priori XYZ: monitor.coord
=1 P/L @ 2freq. i MF: VME, a’priori ZTD: VMF
3 > t":;l » ZTD random walk: 2mm/h
> TCP/IP A models: igs08.atx, IERS2010
. o
EPN stationsdata | P/L @ 2freq. | -
www.euref-ip.net Ntrip $
”m'] - station metadata
= - station coordinates
monitor.ant, monitor.coord, O 1Hz data | - ZTD estimates
external data VMF, igs08.atx >
> ASCII file de & oh dual
IGS/EPN data centers ASClI files (ftp) - tode & phaseresiduals
- resampling . L COST Tropo
o o | 5 min., 3 methods - benchmark
-% 'E
o] archiving
—>
C_DU > E .zip logs, remove
> E ) e ] :
Q basic statistics . reporting e-mail dmi
% of results, ZTDrange e-mail every 1 hour ’| admin
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RT ZTD benchmark 1 — simulated real-time

RTS IGSO03 stored (BNC) in SP3 and CLK files, RINEX files for 10 stations, one week
station by station postprocessing (0.1Hz) with GNSS-WARP v2

comparison with final-ZTD estimates from EPN (1 hour sampling)

purpose: optimize methodology, evaluate possible quality

BUCU HERT ONSA WROC WTZR
35 : 35, : 35 . 35 : 35,
30 30! 30 30 301
=25} 25: | 25} {25} { 25}
@
S
% 20 20/ 20 20 20}
-
2 15| 15!} 15| {15} 15}
=
<)) |
w 10 10} 10 10 10}
5| 5 5 { 5 5!
%o 0 50 2o 0 50 30 0 50 30 0 50 30 50
dZTD [mm] dZTD [mm)] dZTD [mm)] dZTD [mm]

An optimal solutions among all stations were obtained for 2mm/h to 5Smm/hour
random walk. The results were slightly biased: -4 mm to +7 mm (note: DD vs PPP
solution) and the standard deviations varies from 7 mm to 12 mm.
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RT ZTD benchmark 2 - real-time demonstrator (1)

Real-time ZTD:
33 stations @ 5 sec. sampling:
« COST RT TROPO benchmark
stations (some have problems!)
* Polish EPN stations

Week 1863 performance
(o - formal error):

e 68% oZTD is below 0.0036 m
e 950% oZTD is below 0.0148 m
e 99% o ZTD is below 0.0241 m

« data availability: 88.6%
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RT ZTD benchmark 2 - real-time demonstrator (2)

RTS IGS03 stream and 10 observation streams decoded with BNC, one week
multi-station real-time processing with GNSS-WARP v2.1M

comparison with NRT from MetOffice (ROBH, 15min sampling)

purpose: optimize methodology, detect bugs & errors
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Station WROC
13-14.06.2015
availability: 86%

mean formal error: 1.1mm

mean bias: +1.5mm
StdDev of residuals: 15.7mm
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RT ZTD benchmark 2 - real-time demonstrator (2)

RTS IGS03 stream and 10 observation streams decoded with BNC, one week
multi-station real-time processing with GNSS-WARP v2.1M

comparison with NRT from MetOffice (ROBH, 15min sampling)

purpose: optimize methodology, detect bugs & errors

* Real-Time NRT

Station WTZR
13-14.06.2015

e wsn Gmm  nwk  Gmm wen oen wen wes  availability: 97%

| | | | =1 mean formal error; 1.1mm

mZTD [mm]
N oo
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RT ZTD benchmark 2 - real-time demonstrator (3)

|Station BUCU
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Bugs & errors
1) Real-time service problems:
* IGS03/RTCMEPH stream failure
(e.g. mismatching IOD’s)
« stream recovery failure in BNC
(solved: use Ntrip 1, not Ntrip 2)
* long gaps in streams availability
(re-initialization of the solution)

2) Processing errors:

* some rapid ZTD changes not
present in RT estimation

* unexpected ZTD peaks in RT

« systematic biases between RT and
NRT (DD vs. PPP)
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Towards RT-ZTD monitoring service in Poland (1)

55:’!"4‘
gy It
. = =
"“‘ - =1 h‘-‘
e
iy :
iy 5 2 . 10
I e
9
g
52% E ?
N gugrs “eagmertiocoonzanmy ++ - UNIE, E ;
ey [ S - eesg SR )
Gy : . LODZGEij . D
B wong W seng e : g :
: : : PULA—
51°n ZGOR, L C‘%OL ) ::\vltlmﬂtﬁjmmp?:. RADDD u1:f|m5 E ;
"‘h‘"h p o0 .: DqD ---.xL"_ic. ------------- pRZED """""""""""""" KM;S ......... :
P il : é :
:
L™ o ﬁ ; :E- |
oy ey |
M"D ﬂv -’:.
!be ) ::

GPST: 2015 10 20 08 13 00
Weelk: 1867 Sec: 202380
DoY: 293-, 2015

Sites processed: 140
Sites in strzam: 143

Recent problems:
« bad / missing antenna type (monitor.ant) — station is incorrect / not processed
 BNC 2.11 failure / errors - no data until restarted

* no access to ASG-EPOS streams (all stations) and SmartNet streams (south east)
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RT ZTD - NRT ZTD [mm]

Towards RT-ZTD monitoring service in Poland (2)
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Towards RT-ZTD monitoring service in Poland (3)

RT ZTD service (under development, improvements required)
« 141GS + 19 EPN + 110 Leica SmartNet

Sub-hourly ZTD | _ Treshold | Target | __ Optimal __

Accuracy 15 mm 10 mm 5mm
Timeliness 1h 30 min 15 min
Spatial coverage Europe Europe to National Regional to
National
Horizontal Sampling 100 km 50 km 20 km
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RT tropospheric gradient estimation

Calculation parameters

Products RT-IGS
RT-CNES
Mapping function  VMF
Model Chen & Herring
1 :
0K &,00 =— G, cosa +G; sinx
sin ¢ tan ¢ +C
Interval every epoch
Random walk 0.0003 m/sqrt(h)
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RT tropospheric gradient estimation - validation

RT tropospheric gradients
(GNSS WARP)
VS
PPP tropospheric gradients
(GIPSY 6.2)

- 8 European station -
« 5min sampling BIAS [mm] Std.Dev. [mm] RMSE [mm]

) _ NS EW NS EW NS  EW

DOY 155-161 2013 tgrsr 008 013 087 067 099 0,72
*GPS BRUX' 0,07 -006 054 048 062 0,50
* Real-time ‘BUCU' 0,11 -026 069 070 075 0,73

'‘NICO' 0,05 0,01 0,60 0,72 0,65 0,74
'ONSA' -0,01 -0,01 0,55 0,78 0,86 1,08
'SFER’ 0,15 0,05 0,60 0,72 0,66 0,73
'WROC'" -0,02 0,00 0,53 0,68 0,56 0,68
'ZIMM' -0,07 0,09 0,61 0,55 0,64 0,55

0,06 0,08 0,64 0,66 0,72 0,72
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RT tropospheric gradient estimation - validation

WROC
15
H ~ Referance
! L . | GNSS-WARP

| Lt L | resaes
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I Conclusion

1. The RTIGS and other AC centres are the Multi-GNSS products

2. The RT PPP is the alternative technique in GNSS meteorology and will be
developed in future.

3. The gradients estimated in RT are significant information for the
meteorology and should be developed in future.

4. The PPP positioning technique by external RT ionosphere and troposphere
models gives a stable solution and research in this area should be
continued.
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IAG Commission 4 Positioning and Applications Symposium
Wroclaw Poland, September 4-7, 2016

GG up.wree.pl
Faitine) Marsg e Kbt Ty AMTE - furmorn Rewsing of Tregmispnerc Tur. Bod Rediost L Uimine s

International Association of Geodesy (IAG), Commission 4 Symposium September 04-07, 2016, Wroclaw, Poland

POSITIONING AND APPLICATIONS

: EROGRAM “ » GENERAL INFORMATION
SCIENTIFIC COMMITTEE
IQKQALUJ_&LUMMIIM The Institute of Geodesy and Geoinf s, Wroclaw University of Envir 1 und Life Sciences, in 8 collsbocation with
l_DhAL?JJM_".b s the Institute of Geodesy, University of Warmia and Mazury in Olsatyn, woeld like 1o cordially invite you 1o the
a ~ et o
-Mm'n'u TION MISS
m_VENUE LOCATION IAG Commission 4 Positioning and Applications Symposium,
_ACOMMODIATION
B_TRANSPORTATION that will be beld in Wroclaw, Poland, oa September 4-7, 2016 (Sunday to Wednesday).
Sponsors:
Media partners:
3
GEODETA
We are looking forward to seeing you all in Wroclaw!
) Tas w (xl\w'. NIVERSITY OF ENVIRONMENT AL NIV W WARMIA AND N AZLUIRY ,,av"‘!u
w AND LIFE SCIENCES |n'ﬁ JWM IN OLSZTYN
g I NSTITUTE OF GEODSSY AND GEOINFORMATICS A7~  Z000 INSTITUTE OF (G EODESY

Abstract submission: June 15, 2016
Notification of acceptance: July 1, 2016
Registration: July 31, 2016

http://www.igig.up.wroc.pl/iag2016/
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