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» Key Milestone in the EPN Tropospheric Product

» Operational Solution:
- Final weekly combination
- Multi-year tropospheric solution (1996-2023)
- Rapid daily combination

» Data exploitation of EPN ZTDs

» Summary and next steps
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Key Milestones

> 2001: Special Project

» 2008: Routine Operation

> 2012: EPN-Reprol: 1996-2009

> 2014: Troposphere Analysis Coordinator moved from BKG to ASI/CGS

> 2017: EPN-Repro2: 1996-2014 | GNSS-Meteorology Concept

> 2020: IWV added in the EPN combined products Seuansmm =
Solutions delivered in SINEX_TRO V2.0 format

> 2023: Solutions according to IGS20 standards

Daily Rapid operational products bt
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3 EUREF 2024 Symposium, 5th - 7th June, Barcelona, Catalonia, Spain @



Operational Solutions

AC Analysis Centre Description Solutions Software GNSS

R Gpeyc21  GRe » 16 ACs are providing daily final solutions

Centro di Geodesia Spaziale G. Colombo,

ASI
Italy

Bavarian Academy of Sciences &

BEK Humanities, Germany R | BSWS4 | GRE » 10 ACs are providing daily rapid solutions

Federal Office of Metrology and

ey Surveying, Austra_ N stundl B > Processing Options: refer to ‘Guidelines for EPN Analysis
BKG e e, Gommay | R BSWS4  GRE
cop g " F mwss awe Centres
OT2 | SeoforschungsZentum, Gemmany | 7 | EPORPS | GRE > Distributed Processing: The EPN stations are distributed
IGE Instituto Geografico Nacional, Spain FR BSW 5.4 GRE
1N | e e o ] ] among the ACs in such a way that each station is analyzed
Farestiére, France
pr | Federal Office of Topography F BSWS53 GRE by at least three ACs. This guarantees the reliability of the
MUT Military Univer's;tlzr?;Technology, FR GG 10.71 GE EPN products
NKG O torict, Sweden PR | BSWS54 | GRE
RGA  Republic Geodetic Authority, Serbia F - - -
. May 23, 2024: 423 EPN stations
ROB Royal Observatory of Belgium, FR BSW 5.4 GRE

Belgium

SGO Lechner Knowledge Center, Hungary F BSW 5.4 GRE 7 Acs 6 Acs 5 Acs 4 Acs 3 Acs
Slovak Univesrlsci]?airaTechnology, Fn BSW 5.4 GRE 0’5% 3’5% 35% 54% 7%

UPA University of Padova, Italy FR BSW 5.4 GRE 2 15 150 228 29

Warsaw University of Technology,
Poland

SUT

WuT FR BSW 5.4 GRE
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Operational Tropo Combination - Final

> Filename for weekly troposphere solution and summary:

- EUROOPSFIN_YYYYDDDO0000_07D_01H_TRO.TRO.gz

- EUROOPSFIN_YYYYDDDO0000O_07D_01H_TRO.SUM.gz
> Latency: 5 weeks after the end of observations of the analyzed week
» Combined EPN products available at BKG and BEV data centers:

- https://igs.bkg.bund.de/root_ftp/EUREF/products/

- https://anss.bev.gv.at/at.gv.bev.dc/data/products

> EPNCB web page with AC bias/sdt w.r.t. the combined product

- https://epncb.oma.be/ productsservices/troposphere/mean zpd biases.php
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https://gnss.bev.gv.at/at.gv.bev.dc/data/products
https://epncb.oma.be/_productsservices/troposphere/mean_zpd_biases.php

Operational Tropo Combination - Final

Last Combined Solution: GPS week 2309 (23Apr07):
> Total Stations available 411
» Combined Stations
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20 new stations since the
EUREF Symposium 2023

# Country
16 Italy

2 Greenland
1 Estonia
1 Ireland
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Operational Monitoring at AC level - Final

EPN-REPROZ Operational
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http://www.epncb.oma.be/_productsservices/sitezenithpathdelays/

Operational Monitoring at AC level - Final
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Operational Monitoring at AC level - Final
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Operational Monitoring at Station level

EPN-REPRO2 Operaiional
Year
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http://www.epncb.oma.be/_productsservices/troposphere/zpd_biases_station.php?station=YEBE00ESP

EPN multi-year tropo solution T2295 (1996-2023)

Released on May, 2024 (Ref. EUREF Message Number 11801)
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http://www.epncb.oma.be/ productsservices/troposphere/zpd timeseries station.php?station=YEBEOQOESP
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http://www.epncb.oma.be/_productsservices/troposphere/zpd_timeseries_station.php?station=YEBE00ESP

GNSS and RS EPN multi-year tropo solution T2295 (1996-2023)

Radiosonde and EUR ZPD time series for YEBE
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https://epncb.oma.be/_productsservices/troposphere/zpd_radiosondes_station.php?station=YEBE00ESP

GNSS and RS EPN multi-year tropo solution T2295 (1996-2023)

GNSS versus Radiosonde : Bias [mm]
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EPN IWV time series

IWV time series at YEBEOOESP

35

"YEBE_iww [P139_2308.dat’

» Input: EPN ZTD combined values

» Auxiliary Data: ECMWF operational
products available at TU WIEN:
= Linear interpolation in time
= Bilinear interpolation in space

» Output: EPN ZTD and IWV in
SINEX_TRO_v2.0 from GPS week 2139
(21JANO3)

2021 2021.5 2022 2022.5 2023 2023,5 2024 2024.5
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Rapid tropo combination - Status

» 10 EPN ACs are delivering rapid tropo estimates as a by-product of the rapid site coordinate

processing
» Filename for daily troposphere solution and summary:

EUROOPSRAP_YYYYDOYO000_01D_01H_TRO.TRO.gz/SUM.gz
> Latency: 22 hours after the end of observations of the analyzed day

Total Combined
400

300

# of stations

100

2023-07 2023-09 2023-1 2024-01 2024-03 2024-05
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Operational Monitoring at AC level - Rapid

W.r.t. to final combination:
» Monitoring done on daily basis
» Less stations

> Less data cleaning done at AC level

Bias [mm]

» Some data cleaning done at combi level

2023-07 2023-09 2023-1 2024-01 2024-03

e AS| == BEK e= BKC e=» |GE e» MUT e=» NKG == ROB == SUT e= UPA

WUT

2024-05
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Operational Monitoring at AC level

> Period: GPS week 2255-2306
(23MAR26-24MAR23)

> Overall AC mean/std w.r.t. the combined solution

[mm]

» Data cleaning done at combination level

M mean no data cleaning

B mean data cleaning

asi II!'( bev bkg coe gfz ige ign Ipt nkg rga rob sgo sut upa wut

[mm]
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m std data cleaning
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Final vs Rapid tropo combination
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EPN ZTDs used for the assessment of GOP RT tropo products

ZTD statistics: GOP real-time vs. EUR final (Sept, 2023)

GOP RT products using different services (Sept., 2023): TAS Gk TEGE e CNEERE
« Galileo High Accuracy Service (HAS): GPS | GAL | GPS+GAL E 10 HASHOE mmmm IGS/Gooc mmmmm _
* IGS Real-time Service (IGS): GPS (% 8 '
« CNES RT corrections (CNS): GPS+GLO+GAL = . | r |
Strategy/software: £ o o i
« PPP real-time ZTD + horizontal gradients (5-min sampling) GOPE GOP6 ONSA ONS1 TLSE  TLSG
*  G-Nut/Tefnut F(QT (httDS”/lWV;'W-Q”UtSOﬁwafe-wm) ZTD collocations: GOP reaktime, EUR final (Sept, 2023)
Comparisons (ZTD only):
N HAS/G " HAS/GxE === CNS/GRE
» External validation (compared to FINAL product) = 4-10 mm ¢ HASHOE mmmm  IGS/Cxx mmmm EUREF  mmmm
. . g 10
» Inner quality (compared at collocated stations) = 2-5mm = g
» Inner quality of RT comparable to FINAL one (EUREF) 2 2 | | |
> IGS & CNES solutions comparable (impact of multi-GNSS) - 3 — . ._.— E
» Galileo HAS solutions is fine (worse due to less global stations) GOPE x GOP6 ONSA x ONSA TLSE x TLSG
GOPEQOCZE - ZTD difference time series [GOP real-time x GOP/EUR final] RMS statistics (above):

40 _ — | | . i 1. Comparison of real-time products
T 30l Real-time - GOP final —— Real-time - EUR final —— 2 C . f I q .
E 5 _\ 1, . Comparison of collocated stations
§ 10 e [ “ 4k in 8k itk 9,, ‘_ — % ______ ‘ Ral s i ,'-'_-_?_:;_.-;-;N\__:__\___.__.;\. 2 f
5 0 RIS N SRR AN 2 R DRI I AT R IR 5T PR S A R R o T :
g -0 RPN 2| e B e ZTD differences (left):
E 5 1. GOP RT — GOP final (PPP)

40 Sep02 Sep05 Sep08 Sepi! Sep14 Sep17 Sep20 Sep23 Sep26  Sep 29 2. GOP RT - EUR final (Combi)

Courtesy of Jan Dousa GOP @
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https://www.gnutsoftware.com/

EPN-Repro2 ZTD in the Climate Data Store of Copernicus Climate Change Service

» CDS aims to provide high-quality GNSS-based IWV datasets for climate research and applications
» EPN-Repro2 ZTDs have been converted in IWV using ERAS as Auxiliary Data

A 0 © 8 B 8 I o ? &

« C ® (3)  httpsy/cds.climate.copernicus.eu/cdsapp#!/dat

B (cermics SECMWE @ gnasoe

Search Datasets Applications Yourrequests Toolbox Support Live

In-situ observations of water vapour and atmospheric delay from the ground-based GNSS network from 1996 to present

Overview Download data Documentation

Help

This dataset provides estimates of water vapour derived from atmospheric delays in Global Navigation Satellite System Get help
(GNSS) radio signals. The initial data is collected from two in situ ground-based network of GNSS receivers - the <
International GNSS Service (IGS) and EUREF Permanent Network (EPN). The IGS collects, archives, and freely distributes Licence
GNSS data from a cooperatively operated global network of more than 500 ground-based GNSS stations since 1994, The ~
EPN is a European network of more than 300 continuously operating GNSS reference stations with precisely known % : GNSS data policy
coordinates. e . N

. ’ » . -
The fundamental observable of ground-based GNSS is the Zenith Total Delay (ZTD). This observable represents the . 1IGSsatons % i F o Publication date
propagation delay induced by the atmosphere on GNSS signals between the GNSS satellites and a GNSS receiver. Using PN satons & i PP
in-situ measurements of ZTD as well as ancillary meteorological data at the site, the vertically-integrated total amount if 2021-11-23
water vapour in the air column can be retrieved. This integrated quantity is referred to as Total Column Water Vapour References
(TCWV). or Total Precipitable Water (TPW), or Integrated Precipitable Water (IPW) or also Integrated Water Vapour (IWV).
The TCWV values, with corresponding uncertainties, are based on the daily product of IGS and the 2nd reprocessing campaign of the EPN (EPN-repro2). Both networks provide Citation

hourly records of ZTD as part of the products derived from GNSS data processing. The GNSS TCWV derived from these ZTD data Is a new product, made available exclusively for
the Climate Data Store (CDS). The data user must consider that while the EPN-repro2 consists of tropospheric parameters derived from consistently reprocessed data spanning
multiple decades, the IGS daily product is a near real-time product which may contain jumps in the time-series when a new processing model is introduced. Therefore, IGS daily DOI: 10.24381/cds.34304494 2
ZTD and TCWV should not be considered as reference products.

Acknowledgement

The method for retrieval of GNSS TCWV and details on the algorithms can be found in the documentation. For comparison, TCWV values from the ECMWF ERAS reanalysis are Related data
also made available for the user.

The datasets can be downloaded as comma-separated values (CSV) files organized in two different ways: Global land surface atmospheric variables from

* One row per report: for each report all variables are provided as individual columns in one row (referenced as csv-lev in the variable lists below). 1755 to 2020 from comprehensive in-situ
* One row per observable: (no aggregation) each row provides information about one variable only (referenced as csv-obs in the variable lists below). observations

| DATA DESCRIPTION ) ‘ Global marine surface meteorological vari

Nats ma Bnint dafa fram 1081 tA NN fram ramnrahanchis in of

https://cds.climate.copernicus.eu/cdsapp#!/dataset/insitu-observations-gnss?tab=overview

Rannat, K.; Keernik, H.; Madonna, F. The Novel Copernicus Global Dataset of Atmospheric Total Water Vapour Content with Related Uncertainties
21 from GNSS Observations. Remote Sens. 2023, 15, 5150. https:// doi.org/10.3390/rs15215150



https://cds.climate.copernicus.eu/cdsapp#!/dataset/insitu-observations-gnss?tab=overview

Summary and Next Steps

» Overview of the status of the EPN operational tropo products along with the

monitoring activities
» Final tropo combination is provided regularly
» Rapid daily tropo combination has been set-up - overall std w.r.t. final 1-2 mm
» EPN ZTDs are operationally used as reference solution
» EPN-Repro2 dataset included in CDS of Copernicus Climate Change Service

Next step:

» EPN-Repro3 will provide an homogenously reprocess time series covering about the
last 3 decades

Acknowledgment: the EPN ACs for providing the solutions used for the combination, the EPNCB for making available some of the plots used in this presentation, the TU
Vienna for the auxiliary data used in the ZTD2IVW conversion and the GNSS site owners for the collection and distribution of GNSS rinex data.
e-GEOS work is carried out under ASI contract 2017-1.0-R.0
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Operational Monitoring at AC level

> Different stations in the final and rapid
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