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GOP tropospheric production & support

Operational status:

. Regional GPS solution (official solution)

. Global hourly solution (official solution)

. Regional GPS+GLONASS solution (testing)

. Real-time solution (demonstration campaign)

Progress

» Trop-NET solution (distributed system)

» GOP TropDB (tropospheric parameters evaluation)

» GOP TropModel (online service)

» GOP EUREF Reprol+, Repro2 (homogeneous reprocessing)
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GOP1: NRT regional GPS solution

Bernese GNSS software v5.0 (BSW v5.2 ready)

Data: hourly RINEX

Orbits: official IGS ultra-rapid GPS orbits (IGU)
Stations (80): Czech Rep, SuperSites, fiducial stations

4 hourly data batches for stacking
NEQ: 12-hour for ZTDs
NEQ: 28-day for coordinates

NOTE: GOPZ2 is testing using
ambiguity-fixed solution in ZTD

Patal

During summer 2014, the change

of internet domain at GOP GNSS
o ) ) regional’
caused many missing national stations ..
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4 GOP3: NRT regional GPS+GLO

Bernese GNSS software v5.0 (BSW v5.2 almost ready)
Data: hourly RINEX
Orbits: testing IGS ultra-rapid GPS+GLONASS orbits (IGV)

Stations (100): Czech Rep, Latvia, Bulgaria, Greece, SuperSites,
fiducial stations

4 hourly data batches for stacking
NEQ: 12-hour for ZTDs
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GOPG: NRT global GPS solution

Bernese GNSS software v5.0 (BSW v5.2 ready)
Data: hourly RINEX

Orbits: official IGS ultra-rapid GPS orbits (IGU)
Stations (120): global stations, SuperSites

Specific features for robust processing

4 hourly data batches for stacking
NEQ: 12-hour for ZTDs
NEQ: 28-day for coordinates

GPS

During summer 2014, the change reglos

GINSS

of internet domain at GOP ;
regional

caused many missing global stations ..



GOP NRT tropospheric products

G
Basic characteristics
ZTDs represented as a piece-wise linear function every hour
(HH:00 + HH:59)
coordinates (reported in COST-716 format) are heavily constrained
to the estimated values realizing the IGS-yy reference frame

active QC (filtering) for regional ZTD product:
Sites with less than 4h of data in ZTD solution are excluded from the product

Sites with less than 2 days of data in coordinate solution are excluded

+ global SO|ut|On fl Ite rl ng 12-hour solution for near real-time ZTD estimation

(accuracy dependence on delay request)

Formal error filtering applied

—

ZTD bias & sdev [mm]

NSO=NWANON

Note: ZTDs estimated and provided
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GOPR: real-time demonstration

G-Nut/Tefnut: in-house PPP software, real-time products: IGS01, IGS02, IGS03, CNES

C GPS, GPS+GLONASS (preparing full multi-GNSS)
ZTD, ZTD + gradients (preparing slant delays)

Preparing conversion to COST-716
Preparing a sub-hourly estimation
GNSS4SWEC - coordinating a common RT demonstration campaign

TEF:RT - GOP (Tefnut) PPP real-time ZTD solution using IGS01
TEF:RTO1 - GOP (Tefnut) PPP real-time ZTD solution using 1GS02
GLO:NRT - GOP (Bernese) near real-time global solution
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Summary for GOP troposphere products

Near real-time products - traditional approach

NRT regional product (GPS) — Bernese GNSS software (2001-today)
NRT global product (GPS) — Bernese GNSS software (2010-today)
NRT regional product (GPS+GLONASS) — Bernese GNSS software (2011-today)

New products - PPP vs. final ZTD AbsBias _StdDev

Real-time product (2013, demonstration) | ZTD regional 0-3mm  3-6 mm
ZTD global O-1mm 3-9mm

Sub-hourly product (2014, development) 71D real-time ~0-20 mm 5-10 mm

Time-series of monthly ZTD comparisons [GOP-NRT GPS/GNSS rgglnnal EUR-repro1]
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Trop-Net: a new co-operation project

Develop distribute NRT Troposphere network solution

Easy support for new analysis centre, networks

Close cooperation for coordinated and shared development
Initiated by JD during STSMs in support of AUT, KTU & BEU, ...
Implemented as a flexible modular system

GNSS processing: Bernese GNSS software + BPE (V5.0/V52)

Developed by GOP exploiting 15-year experience in the domain

GPS NRT solution since 1999

GLONASS-only solution (2008-2010)
GPS+GLONASS NRT solutions since 2011
Global NRT solution since 2010

GPS ultra-rapid orbits since 2004

GPS + GLONASS ultra-rapid orbits since 2008



Trop-Net partners

Karadeniz Technical University (KTU), Trabzon, Turkey
Bllent Ecevit University (BEU), Zonguldak, Turkey
Aristotle University of Thessaloniki (AUT), Greece
Geodetic Observatory Pecny (GOP), Czech Republic
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Implemented modules for Trop-Net

C Individual nodes

Downloads & mirroring

Universal modules for data/product collections

NRT GNSS processing (Bernese GNSS software)

Converting duplicate stations

Upload of products
Support of last COST-716 format incl. new file naming

IWV conversion (to be implemented at AUT)

Specific monitoring (e.g. IWV visualization)

Central (currently at GOP)
Versioning repository & software archive
Real-time monitoring & inter-comparison
Archive + long-term assessment

Installation/operation manual and documentation

@
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GOP-TropDB - tropo evaluations
Intra-techmque comparison (currently GNSS)

Reference products: IGS, EUREF (legacy, Reprol, Repro2)
» |GS Individual ACs: CODE Repro2 (COF/CQOD), interests ?
» QOther individual contributions from EUREF, GNSS4SWEC, interests ?
GOP products: Reprol, Repro2, Multi-GNSS NRT, Global NRT, Real-time etc.

Inter-techmque comparlso

» VLBI - IVS combined products (preliminary = need for better tropospheric ties!)

> DORIS — GOP internally only (study of SAA), lack of official products

»  RAOBS - BADC/MetOffice global data set, IGRA (preliminary), ...

» WV Radiometers — GOP WVR (no other available)

> NWM — ERA-Interim (NCEP GFS) a global background NWM data set (1990-present)
» potential other NWMs in Europe within E-GVAP/GNSS4SWEC projects

Additional sources (auxiliary)

»  GPT2 - Global Pressure and Temperature model, (grid) + geoid, ...
EGM2008 - geoid model (grid)

» (ERA-Interim orography + land/sea mask)

»  Temporal and spatial interpolations




‘/ERA-lnterim long-term evaluation

... total statistics of ZTD from ERA-Interim compared to IGS (top) and EUREF (bottom)

(o) IGS ZTD Sdev: ERA-Interim - IGS (final) ZTD Bias: ERA-Interim - IGS (final)

& -135" 20" -45° 0" 45 90" 135" 180° [mm] 45" 90" 135" 180°
- T R — T T T 20 T T T T
>
=
X 15
& NS
o
3 F=10 10
[
0]
5
[~ i : .
g ~ & _. t A /‘\/ @ #
EAN . e ——
£ 0 B P ’ VY T =
I I I I 1 I I I I
- -135"-90° -45° 0" 45" 90" 135 180 -135"-90° -45° 0" 45" 90" 135 180
EUREF | ) : : . ‘ ’ : -30° -20° 10 o 10° 20° 30’ 40°

Research Institute of Geodesy,Tq
Heodetic Obgervatoey Pecny (GO

=2
@

[mm]

10



ERA-lnterim long-term evaluation

... monthly statistics of ZTD from ERA-Interim compared to IGS (top) and EUREF (bottom)
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Time-series of monthly ZTD comparisons [ERA - IGS-repro1]
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C A [ www.pecny.cz/joomla25/index.php/gop-tropdb/tropo-model-service 77 % =
Main Menu B R -
GOP-TropDB - TropModel online service
] Home
[ GNSS The formular serves for calculation of site-specific tropospheric parameters, conversion factors or other auxiliary meteorological

] GOF-TropDB

O TropModel online
] DORIS

[0 Gravimetry

[ Links

[ Search

parameters for scientific applications.
Currently, the following limitations for the service are applied:

+ Scope: 20 sites

+ Period: 366 days (1 year)

+ Interval: 1990 - present (delayed by 3-4 months)
+ Sampling: 1s - 21600s (Eh)

Notes: This is an experimental service! Any feedback is appreciated at jan.dousa@pecny.cz. We acknowledge the availability of the
ERA-Interim dataset provided by ECIMWE .

E-mail jan dousa@pecny.cz
Parameters ITD ¥ ZHD ¥
WD ¥ P @
T ¥ Tm &
Period from: 2013-01-01 | to:2014-01-01 YYYY-MM-DD
Sampling rate |?20U | integer [seconds] ... for parameter sampling
Model

Coordinates o | site_id X ¥ Z [remark]

2820171.00407 513485.97238 5678935.84085
4211317.86783 2377865.53031 41446632.00278
4001470. 42730 1192345,39606 4805795, 45025
4744543.75201 2115411.81089 323686258.92183
4555145.87427 997822.27681 4337432.63361
4390764, 42302 1032366.87627 4291666.50767
4389531.31354 923253.58380 4515256.30347
4527542.08529 1513540.81881 4106448, 15576

Job notice: Initial test configuration request comment
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New tropo model for positioning

» Improved ZWD physical model of Askne and Nordius (1987)

» Needs for assessment various NWM models as a potential input for GNSS real-time

lal

positioning

>

g » Enhanced ZWD vertical approximation = used in GOP-TropDB tropo-ties
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