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* History & statistics
= ZTD results
ZTD validation

= Inter-technique comparison
= Intra-technique comparison

* Summary & Outlook
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" June 2008: resolution #1 at the EUREF symposium —»
operational status

" GPS week 1558: contribution of MUT

" GPS week 1600: COE using ‘WET VMF1’

" GPS week 1617: ASI switched from MicroCosm to Gipsy
" GPS week 1632: IGS08 coordinates & velocities (No 5816)
" GPS week 1632: contribution of RGA (No 5815)

" GPS week 1632: ASI switching to Gipsy 6.0

" GPS week 1682: ZPD repro1 results released (No 6335)

" GPS week 1707: COE switching to BSW5.3

=" GPS week 1730: BKG switching to BSW5.2 (‘WET GMF’)

" GPS week 1731: LPT switching to BSW5.2 (‘“WET GMF’)
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Cartography and Geodesy
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TOR2: LPT, NKG, WUT

SITENAME

Number of LACs estimating the EPN stations' troposphere parameters (GPS week 1730, 17 LACs)

< Séhne — Status of the EPN Troposphere Products >

15/05/2013



AR | Coroarapiy and Geodesy EPN ZTD processing
consistency

Weekly mean biases ofthe individual LAC troposphere solutions with respectto the
EPN combined solution
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AR | Coroarapiy and Geodesy EPN ZTD processing
consistency

Standard deviation ofweekly mean biases of the individual LAC troposphere
solutions withrespectto the EPN combined solution
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AR | Coroarapiy and Geodesy EPN ZTD processing
consistency

REPRO: weekly mean biases ofthe individual LAC troposphere solutions with
respectto the combined solution
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EPN ZTD processing
consistency

REPRO: standard deviation of weekly mean biases of the individual LAC troposphere
solutions with respectto the combined solution
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IR | Coriorophy and Geociesy EPN ZTD processing
consistency

REPRO/OPER: weekly mean biases ofthe individual LAC troposphere solutions with
respectto the combined solution
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IR | Coriorophy and Geociesy EPN ZTD processing
consistency

REPRO/OPER: standard deviation ofweekly mean biases of the individual LAC
troposphere solutions with respectto the combined solution
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IR | Cooraphy and Geadesy EPN ZTD processing

MMZPD

consistency

Weekly mean biases ofthe individual LAC troposphere solutions with respectto the
EPN combined solution
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AR | Coroarapiy and Geodesy EPN ZTD processing
consistency

Standard deviation ofweekly mean biases of the individual LAC troposphere
solutions withrespectto the EPN combined solution
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- ZTD parameter for VACO (GPS weeks 1734 - 1735)
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= ZTD parameter_al_(_*ifr_\"t‘il GPS week 1706

* No solutions for VACO between 1707 and 1712.4
* Problems with VACO since GPS week 1712.5

= Less visible in SNX combination
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o Troposphere Path Delay Time Series, Station MARW = ======== I
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———————— Troposphere Fath Delay Time Series, Station IGMI ————————
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———————— Troposphere Path Delay Time Series, Station MOSE ————————
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IR | Eoerai ond Goodosy ZTD validation
inter-technique comparison RS

= Since 2009 comparison between Radiosonde (RS)
data and EPN combined solution

* Time span could be extended back to 1996 (week
847) thanks to Henrik Vedel (DMI)

* Horizontal distance between GNSS and RS up to 0.5
degree chosen to be ‘co-located’

= Comparison for ~ 105 stations computed and
included in EPN web page
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esearch Group sxxx
EUREF Permanent Network T pé

ELUREF

ORGANISATION NETWORK & DATA PRODUCTS & SERVICES DOCUMENTATION NEWS, EVENTS & LINKS

Creation, Management., Structure, Station list, Maps, Tracking status. Data analysis, Weekly EPH solutions., Formats, Guidelines, Equipment & Hews. Mails, Calendar, Workshops.

Relation to 1G5, Projects Data access, Proposed stations, Coordinates, Position time series, calibration, Papers, FAG FTP server, Site map, Web history,
Station  leg  submission, Station Tropospheric  delays, ETRSE2ITRS Links
picture submission transformation, Satellite Orbit &

Clock Correction Streams
NETW ORI & DATA > STATION LIST > HERS 13212M007 > ZPD RADIOSONDE BIASES

ZPD difference RS (03882) minus EUR for HERS 3.9 +/- 12.0 mm (11788 data poinlts) Explanations
50 : ' : . ‘ 50 Purpose
+ “alidate EUREF combined Zenith Path Delay (ZPD)
parameters with ZPD derived from radiosonde (RS)
254 data at co-located sites
% % e Wariations and differences are influenced by the
(o ‘o harizantal distance between the twao stations
E 0 8 e Time series of differences reflect changes in
1 analysis strate
N N i ay
E E| Procedure
E E _
254 * [Download of RS data provided by EUMETHET, based
on the EUREF-EUMETNET Mall
e Processing ZPD parameters (software provided by
H. vedel, Danish Meteorological Institute (DMI))
-50 T T T T T -50 #« Geoid undulations at co-located sites are taken into
1996 1998 2000 2002 2004 2006 2008 2010 2012 account
Year + Differences at co-located sites for identical points in
time
= EPN Central Bureau - Roval Observatory of Belgium Disclaimer and Copyright Jun 04, 2012
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EUREF

ORGANISATION NETWORK & DATA PRODUCTS & SERVICES DOCUMENTATION NEWS, EVENTS & LINKS

Creation, Management, Structure, Station list, Maps, Tracking status, Data analysis, Weekly EPH solutions, Formats, Guidelines, Equipment & Hews, Mails, Calendar. Workshops,

Relation to 1G5, Projects Data access, Proposed stations, Coordinates, Position time series, calibration, Papers, FAG FTP server, Site map, Web history,
Station  log  submission, Station Tropospheric  delays, ETRSS$2ITRS Links
picture submission transformation, Satellite Orbit &

Cleck Correction Streams
METW ORK & DATA > STATION LIST > KOSG 13504M003 > ZPD RADIOSONDE BIASES

ZPD difference RS (06260) minus EUR for KOSG -0.8 +/- 11.0 mm (14199 data points)

Explanations

50 : . ‘ . ‘ 50 Purpose

« Validate EUREF combined Zenith Path Delay (ZPD)
parameters with ZPD derived from radiosonde (RS)

L 25 data at codocated sites
% % e ‘arigtions and differences are influenced by the
I ‘D horizontal distance between the twa stations
- O » Time series of differences reflect changes in
% 0 % analysis strategy
E E| Procedure
E E .

L _o5 « Download of RS data provided by EUMETNET, based

on the EUREF-EUMETHET Mol

e Processing ZPD parameters (software provided by
H. wedel, Danish Meteorological Institute (DMI))

-50 T T T T T -50 « Geoid undulations at co-located sites are taken into
1996 1998 2000 2002 2004 2006 2008 2010 2012 account
Year » Differences at co-located sites for identical points in
time
IS EPN Central Bureau - Royal Observatory of Belgium Disclaimer and Copyright Jun 04, 2012
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ELUREF

ORGANISATION NETWORK & DATA PRODUCTS & SERVICES DOCUMENTATION NEWS, EVENTS & LINKS

Creation, Management., Structure, Station list, Maps. Tracking status. Data analysis, Weekly EPH solutions. Formats, Guidelines, Equipment & Hews. Mails, Calendar, Workshops.

Relation to 1G5, Projects Data access, Proposed stations, Coordinates, Position time series, calibration, Papers, FAG FTP server, Site map, Web history,
Station  leg  submission, Station Tropospheric  delays, ETRSE2ITRS Links
picture submission transformation, Satellite Orbit £

Clock Correction Streams
NETWORK & DATA > STATION LIST > VILL 13408M001 > ZPD RADIOSONDE BIASES

ZPD difference RS (08221) minus EUR for VILL -1.0 +/- 11.4 mm (10274 data points)

Explanations

50 : . : . : 50 Purpose

) + ‘alidate EUREF combined Zenith Path Delay (ZPD)
parameters with ZPD derived from radiosonde (RS)
data at co-located sites

e Wariations and differences are influenced by the
horizontal distance between the two stations

e Time series of differences reflect changes in
analysis strateqgy

Procedure

mm ZPD bias
mm ZPD bias

e Download of RS data provided by EUMETHET, based
on the EUREF-EUMETMNET Mall

e Processing ZPD parameters (software provided by
H. vedel, Danish Meteorclogical Institute (DMI))

-50 T T T T T -50 # Geoid undulations at co-located sites are taken into
1996 1998 2000 2002 2004 2006 2008 2010 2012 account
Year + Differences at co-located sites for identical points in
time

= EPN Central Bureau - Roval Observatory of Belgium Disclaimer and Copyright Jun 04, 2012
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ELUREF

ORGANISATION NETWORK & DATA PRODUCTS & SERVICES DOCUMENTATION NEWS, EVENTS & LINKS

Creation, Management, Structure, Station list, Maps, Tracking status, Data analysis, Weekly EPH solutions, Formats, Guidelines, Equipment & Hews, Mails, Calendar, Workshops,

Relation to 1G5, Projects Data access, Proposed stations, Coordinates, Position time series, calibration, Papers, FAG FTP server, Site map, Web history,
Station  leg  submission, Station Tropospheric  delays, ETRSE2ITRS Links
picture submission transformation, Satellite Orbit &

Clock Correction Streams
NETW ORI & DATA > STATION LIST > ZIMM 14001M004 > ZPD RADIOSONDE BIASES

ifference 06610) minus or -2.8 +/- 11.1 mm (11194 data points) Explanations

50 i L . L 50 Purpose
+ Validate EUREF combined Zenith Path Delay (ZPD)
parameters with ZPD derived from radiosonde (RS)
254 data at co-ocated sites

e Variations and differences are influenced by the
horizontal distance between the two stations

e Time series of differences reflect changes in
analysis strategy

Procedure

mm ZPD bias
(=]
mm _ZPD bias

e Download of RS data provided by EUMETHET, based
on the ELUREF-EUMETMET Mol

e Processing ZPD parameters (software provided by
H. wedel, Danish Meteorological Institute (DMI))

-254

-50 T T T T T -50 + Geoid undulations at co-located sites are taken into
1996 1998 2000 2002 2004 2006 2008 2010 2012 account
Year + Differences at co-located sites for identical points in
time
I EPN Central Bureau - Royal Dbservatory of Belgium Disclaimer and Copyright Jun 04, 2012

15/05/2013 < Séhne — Status of the EPN Troposphere Products > 25



AR | Foderel Ageny for ZTD validation
rtography and Geodesy _ ] )
inter-technique comparison RS

*
ROB e ek

esearch Group sxxx
EUREF Permanent Network e pé

ELUREF

ORGANISATION NETWORK & DATA PRODUCTS & SERVICES DOCUMENTATION NEWS, EVENTS & LINKS

Creation, Management, Structure, Station list, Maps, Tracking status, Data analysis, Weekly EPH solutions, Formats, Guidelines, Equipment & Hews, Mails, Calendar, Workshops,

Relation to 1G5, Projects Data access, Proposed stations, Coordinates, Position time series, calibration, Papers, FAG FTP server, Site map, Web history,
Station  leg  submission, Station Tropospheric  delays, ETRSE2ITRS Links
picture submission transformation, Satellite Orbit &

Clock Correction Streams
NETW ORI & DATA > STATION LIST > ZIMM 14001M004 > ZPD RADIOSONDE BIASES

ZPD difference RS (06610) minus EUR for ZIMM -2.8 +/~ 11.1 mm (11194 data points) Explanations
50 : . : . ‘ 50 Purpose
+ Validate EUREF combined Zenith Path Delay (ZPD)
parameters with ZPD derived from radiosonde (RS)
254 data at co-ocated sites
g % e Variations and differences are influenced by the
=] ‘ol horizontal distance between the two stations
E 0 g e Time series of differences reflect changes in
1 analysis strate
= ~N i ay
E E| Procedure
E E _
254 * Download of RS data provided by EUMETHET, based
on the ELUREF-EUMETMET Mol
e Processing ZPD parameters (software provided by
H. wedel, Danish Meteorological Institute (DMI))
-50 T T T T T -50 + Geoid undulations at co-located sites are taken into
1996 1998 2000 2002 2004 2006 2008 2010 2012 account
Year + Differences at co-located sites for identical points in
time
I EPN Central Bureau - Royal Dbservatory of Belgium Disclaimer and Copyright Jun 04, 2012
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IR | Corvararny s Geodesy ZTD validation
inter-technique comparison VLBI

* Since 2012 comparison (differences) between EPN
combined solution and VLBI solution

* Time span from 2002 (week 1147) to present
* No corrections for e.g. height differences applied

= Available for 10 EPN stations (MATE, MEDI/MSEL,
NYAL/NYA1, ONSA, SVTL, WTZR, YEBE, ZECK)

= Stdev of mean differences “VLBI minus GNSS”
between 4.0 and 6.3 mm ZTD:
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graphy and Geodesy . . )
inter-technique comparison VLBI

Mean diff. Stdev of # of samples
[mm] mean [mm]

MATE 0.2 5.7 17026
MEDI 2.0 5.6 5118
MSEL -6.4 6.2 4437
i NYA1 0.5 4.0 26368 |
NYAL +0.3 4.1 11225
ONSA 1.6 4.0 4385
| SVTL 1.3 5.0 4716
WTZR +0.3 4.0 40559 |
YEBE 7.4 55 1034
ZECK 1.8 6.3 6200
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inter-technique comparison VLBI

EUREF Permanent Network

Creation, Management, Structure, Station list, Maps, Tracking status, Data analysis, Weekly EPH sohmtions, Formats,
Relation to 1G5, Projects Data access, Proposed stations., Coordinates, Position time series,

Station log  submission, Station Tropospheric delays, ETRS33%1TRS

picture submission transformation, Satellite Orbit &

Clock Correction Streams

METWORK & DATA > STATION LIST > YERE 13420M001 > CO"‘IpElI'iSOI"I with VLBI ZPD
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ZTD validation

*
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GNSS Research Group sexx

@

ELIREF

ORGANISATION NETWORK & DATA PRODUCTS & SERVICES DOCUMENTATION NEWS, EVENTS & LINKS

Guidelines, Equipment &
calibration, Papers, FAQ

Hews, Mails, Calendar, Workshops,
FTP server, Site map, Web history,
Links

Purpose

+ alidate EUREF combined Zenith Path Delay (ZPD)
parameters with ZPD derived from ‘wery Long
Baseling Interferometry (WLBI) data at co-located
sites

e arigtions and differences are influenced by the
distance between the two stations

* Time series of differences reflect differences and
changes in analysis strategy

Procedure

o Download of WLBI ZPD parameters, provided by
the International YLBI Service (IWS)

o Combination of tropospheric estimates by R,
Heinkelmanm, Deutsches Geodatisches
Forschungsinstitut (DGFI)

s Height difference at the co-located site is not
taken into account

o Differences at co-located sites for identical points
in tirme (interpolation)

=N EPN Central Bureau - Roval Observatory of Belgium

15/05/2013

Disclaimer and Copyright
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IR | Corvararny s Geodesy ZTD validation
inter-technique comparison VLBI

ROB LEEE 3

S —— EUREF Permanent Network SRS -

EUREF @
ORGANISATION NETWORK & DATA PRODUCTS & SERVICES DOCUMENTATION NEWS, EVENTS & LINKS

Creation, Management, Structure, Station list, Maps, Tracking status, Data analysis, Weekly EPH solutions, Formats, Guidelines, Equipment & Hews, Mails, Calendar, Workshops,

Relation to IG5, Projects Data access, Proposed stations, Coordinates, Position time series, calibration, Papers, FAQ FTP server, Site map, Web history,
Station log submission, Station Tropospheric delays, ETRS831TRS Links
picture submission transformation, Satellite Orbit &

Clock Correction Streams:
METWORE & DATA > STATION LIST = WTZR 14201MM010 = Comparison with VLBI ZPD

|
1 |
1 |
1 |
1 |
1 |
1 |
1 |
1 |
1 |
1 |
1 |
: ZPD differences IVS minus EUR for WTZR: +0.3 +/- 4.0 mm (40559 data points) Purpose :
| 40 T T T T T T T T et} T T . . . I
1 + e Walidate EUREF combined Zgnlth Path Delay (ZPD) 1
I 5 parameters with ZPD derived from ‘ery Long 1
I Baseline Interferometry (WLBI) data at co-located 1
I 30 ; . sites 1
+ ; + . ) )
1 * + e ‘ariations and differences are influenced by the |
1 R i distance between the two stations |
I 20 - h : '; n e Time series of differences reflect differences and :
: N ' changes in analysis strateay I
| Procedure :
|
| 10 - T e Download of WLBI ZPD parameters, provided by |
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Introduction and motivation Reference height of the troposphere delay Table 2: GNSS - GNSS (EUREF) co-lacations GNSS intra-technique comparison e
> The troposphere is the main contributor of noise and systematic Each antenna of a space-geodetic technique has a unique GNSs| GNss from - to ean Standard | comments For the assessment of the tropospheric systematics and error " e
errors in the analysis of space-geodetic technigues at radio geometrical reference point, where the terrestrial coordinate (1)  (2)  EUREF reprocessing  difference | deviation floor of the GNSS technique, we compare zenith total delays [ °
frequencies, such as Global Navigation Satellite Systems (GNSS) refers to. The zenith delay is usually also referred to this point, routine operation (mm) (mm) (ZTD) at sites with multiple GNSS antennas (Table 2). There
and Very Long Baseline Interferometry (VLBI). c.f. IERS Conventions (2010), where for the calculation of zenith BOGI | BOGO | 2001-11-23 - 2006-12-28 05 31 -a3mm (i) are two significant effects causing shifts of the running mean s e mms aw ms e mas ma mas 2
> The troposphere may provide a common parameter space for the a priori delay the height of the antenna reference point is 2002-09-20 - 2013-01-18 -0.1 3.7 value of the ZTD difference at co-located GNSS stations:
combined analysis and may thus play an important role for the recommended. However, there is a difference between the BORJ | BORK | 2005-06-08 - 2006-12-28 1.8 2.8 (i) Changes in the EUREF processing: results from 1996 =) 2
International Association of Geodesy's (IAG) Global Geodetic geometrical reference point and the tropospheric reference point. 2006-12-22 - 2007-06-03 -1.6 1.5 until end of 2006 are corming from EUREF reprocessing, Eom e
Observing System (GGOS). HERS | HERT | 2003-03-17 - 2006-12-28 0.3 19 +2.9 mm (ii) whereas 2007 to present is covered by routine operation. H
> With tropospheric parameters we denote the group of parameters In case of VLBI, the geometrical reference point is the invariant 003-08-15 - 2013-01-18 29 3.0 gialspamI0)] (i) Equipment changes: mast of the EPN stations had =
associated with the modeling of the dry and wet constituents of the | point, where the two antenna axes theoretically intersect. The 10z2 | J0ZE 2002-10-2? - 2006-12-28 -3.8 4.0 -6.2 mm (iiy receiver and/or antenna changes over time (Table 2). While L T T
non-dispersive atmosphere. It would be more appropriate to call geometrical delay is corrected by the estimated clock parameters 2008-09-12 - 2013-01-10 il Sl i) =M @ the receiver change does not significantly affect the running
those parameters neutrospheric parameters. and calibrated by phase and cable calibration to refer to this MATE | TARS | e s = e Felh mean value, the antenna change usually does. ° e
> Tropospheric delays have been used to measure and model point. At the same time tropospheric delays, which are T = = 7 . From the GNSS intra-technique comparison, we draw B°
atmospheric water vapor, a key parameter of the greenhouse effect | independent of the elevation angle, .g. the extra path due to b - comeaen| oo il ﬂ ‘ the conclusions: £e
and a driving factor for various climate feedback mechanisms, which | reflections of the received signal at the primary and secondary Ve a0 06 - 2005-12-25 | _3'1 709 - > The running mean value is affected by antenna and B8 WO marw  wwas 2w zwer @ mme ma amas am
is usually insufficiently observed by meteorclogical techniques. reflectors of the VLBI antenna are considered by the clock offset. 2004-10-09 - 2013-01-18 L0 8.6 other equipment changes (see Figure 3), the average . i
> Tropospheric delays provide a valuable basis for checking the The delay due to troposphere, however, refers to the point where | 'y | war | 1999-09-07 - 2006-12-28 o1 5 effect is 4 mm, and by changes in the EUREF processing, :'g":';ﬁé; G‘J‘S"siﬁi;z’:’;“?;m"‘;;‘j"‘”ﬁ”‘;’“szi‘;‘:r‘l‘:'n’é ‘}"‘ﬂ':’
consistency of individual contributions to a combined product (intra- | the signal actually enters the electronic antenna components, i.e. the average effect is 3 mm. Without such effects no sl i shift of the running mean value at the end of 2011 Is caused by a
as well as inter-technique related). the wave guide in the feed horn, a point which is usually slightly ONSA | SPTO | 2001-09-04 - 2006-12-28 | -6.0 103 d=68 km, observed (e.g. NYAL - NYAL). The ZTD height correction change of the pre-amplifier of the antenna (see National Report of
> Various authors have determined and compared tropospheric delays | above the geometrical reference point. European VLBI antennas 2002-07-05 - 2013-01-18 -6.3 10.6 dH=147 m works well even for larger height differences of up to about ~Switzerland at 2012 EUREF Symposium)
of the space-geodetic techniques, but discrepancies remain, which are all of azimuth-elevation (AZEL) type of mount (Table 1, SVTL | PULK | 90 km, 400 m (MATE - TARS). MOPI - MOP2 shows a significant ik
could not yet be completely assessed and explained. Figure 1). The antenna axes offset - the geometrical delay is 2008-05-17 - 2013-01-18 31 13.5 dH=24.5 m bias, which is probably due to the different antennas and 1" e
> Our investigations are concerned with a closer look on the European | corrected for this - points in horizontal direction and does not TLMF | TLSE | 2002-06-17 - 2006-12-28 -1.8 4.6 -3.6 mm (il) the usage of a dome: ,TZGD" (see Table 2). £ o
stations, which are associated with the European Reference Frame | affect the height of the tropospheric reference point. Depending A (AR 2 R = e > The standard deviation between co-located and £
(EUREF) and the European part of the International VLBI Service for | on the antenna focus the following equations describe the TROYTROM|I#853:06 3018300613500 k] ) neighboring GNSS sites varies between 1.6 mm (NYAL - B R i
Geodesy and Astrometry (IVS), called European VLBI group for reference height of the tropospheric delay: NYA1, co-location) and 13.5 mm (SVTL - PULK, d = 90 km)
Geodesy and Astrometry (EVGA) (1.a) Hy, ... = H + h, sin(e) U= b ;Eg?:gg E)o 58?32333 L i :;:;;5'“,;‘ depending on the amount of water vapor, the type of GNSS .., on
> Since 2012, time series of differences between the EUREF combined | (1.b) H.., .. = H + ( h, + h, ) sin(z) I 3 T - - antenna and on the distance (d) and height difference (dH) E_w T
solution and the EVGA combined solution are displayed on the Equations (1) depend on the elevation angle (&) and are therefore [ "T2% WETT | 1996-01-06 - 1997-02.01 T 110 of the antennas. The dependence on water vapor showsa £
EUREF Permanent Network's (EPN) webpage not absorbed by the clock model. Since a priori tropospheric [ Zimz | zimm 35 mra (i) seasonal signature. In our tests, GNSS ZTD agree well up
(http://www.epncb.oma.be) for eight co-located sites (Table 1), delays are usually corrected on the abservation level, the 2007-12-14 - 2013-01-18 1.3 2.0 to a distance of 90 km (Figure 4). UGS HOL S GWRwes mEwns o mas s
covering the period from 1996 to present elevation angle of the specific observation can be used, while, for _ o
(http://www.euref.eu/symposia/2011Chisinau/P-02-p-Soehne.pdf). | the estimated troposphere delay, a mean elevation angle during VLBI - GNSS inter-technique comparison and conclusions WETTZELL: EVGA [VLEI) vs. EUREF {GSS} EUR i= PuK
Galery of European VLBI - GNSS co- Iocation sites one hour ha; to be used. Mapping functions should refer to the | For the comparison the GNSS ZTD were interpolated at VLBI ZTD o aherenca) § :
reference height of the tropospheric delay instead of the epochs and running mean values were adjusted due to antenna i ol bl bl
geometrical reference height. i ‘ change and change of the processing strategy (See above), if g ° sz awms 2w mu_ m o amns mz mes D
In case of GNSS (Figure 2), the geametrical reference paint LBI and GNSS Y Figure 4: z1D, 27D differences, and standard deviations (mm)
usually equals a surface marker at the pillar ("Reference point™), | interpolated ZTD (Table 3) are slightly Irger than between co- at the EUREF GNSS sites Svetioe and Pulkovo, Russia. The Sites
where the antenna is mounted - in this case the ,Antenna height" | |ocated GNSS stations, but with a maximum of 6.7 mm still in an UL EWE RS0 0T R amemn are about 90km separated (+24.5m height difference, which is
Table 1: European ce-located VLBI - GNSS antennas, some antenna specifications (see (Table 1: h,) is different from zera - or it directly equals the acceptable range (6.7 mm ZTD equals 1.0 mm precipitable water 2000 :nmmd for) from each other, but still sense almost the same
Figures 1 & 2) and the height difference of the specific antenna reference points (dH) i e hichl . . Sl evea (s ropospheric delays. During the summer, when the amount of
2 - T T ~Reference point of antenna", which is very close to the actual assuming that most of the standard deviaticn is due to ZWD). = | EUREF (@SS atmospheric water vapor Is larger, the standard deviation
R e h, h. | GNSSantenna | h, | dH || phase centers of the two frequencies L1 and L2. Since the height | The mean values of the ZTD differences including the height £ | ' significantly increases.
MATERA | AZEL | secondary| 57 | 3.8 wae | o1 | 78 || difference between the phase centers and the ,Reference point of | correction are smaller than expected from the GNSS intra- £ 2w ¥ VIBI | GNS5 |mean|standerd| T- 9
oy able 3: via
MEDICINA | AZEL | primary 93 | a3 MEDL o 172 | @antenna”is typically less than 20 cm, the troposphere reference | rechnique comparison (Table 3). In general, the mean values of (EVGA) |(EUREF) diff. deviation (EyGa) - GNSS
| height can be considered at the ,Reference point of antenna™ VLBI ZTD are stable, while GNSS ZTD mean values show 2003 W3 A0S N6 007 0B 9 AW AT AR (mm) | (mm) (EUREF) co-locations.
NYALES20 AZEL | primary 86 | 24 NYAL 0 3.1 | [ within the desired level of precision. variations. The height correction considers the height difference - I T o= T oa R —
ok | sn |morw| 5 | 34| e w67 | . pgure d st T A R |- TUZ (oo o g | s | L Do
T T (Y azimuth-elevation mount an; s - - :
SVETLOE | AZEL | samndary. 10.6 L9 SVTL | 0.029 | 9.4 | "EW“-; rmmmeﬂmim d pr—— presented In Table 1 and works slightly better than considering E 2 | NYALES20 | NYAL 1.4 39 by a snow dome
WETTZELL | AZEL | secondary| 7.8 | 3.7 wizR 0071 3.1 armere (NOENEGEI, 2008) "o | the difference of the geometrical reference heights for the = i b, il A ONSALAGO®| ONSA® | 3.1 | 4.3
VEBES40M | AZEL | secondary| 138 | 50 VEBE [} 74 i . e | tropospheric delay. In spite of our refined height Correttwon mean O am oma a0s owe R |LEEEE | Gl || 85 || GS)
Figure 2: onss values of the differences between VLBI and GNSS ZTD a . " | WETTZELL | WTZR* | 1.7 | 47
ZELENCHK AZEL | secondary | 10.6 19 ZECK 0045 8.7 antenna and respective 2acsew o () European sites are not centered at zero and thus sys(ematlc Figure 5: 210, 21D differences, and standard deviations (mm) at Wettzell |vEBES4oMe| YEBE | 4.0 5.8 ﬁ HELMHOLTZ
e S et e | effects are still present, which need to be explained. ST Gy el evatons are foo pesmistic, GNSS standard devistons | zeenonk | zecks | 13 | 67 | ASsoctaTioN
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Introduction and motivation Reference height of the troposphere delay Table 2: GNSS - GNSS (EUREF) co-lacations GNSS intra-technique comparison e
> The troposphere is the main contributor of noise and systematic Each antenna of a space-geodetic technique has a unique GNSs| GNss from - to ean Standard | comments For the assessment of the tropospheric systematics and error " [
errors in the analysis of space-geodetic technigues at radio geometrical reference point, where the terrestrial coordinate (1)  (2)  EUREF reprocessing  difference | deviation floor of the GNSS technique, we compare zenith total delays [ °
frequencies, such as Global Navigation Satellite Systems (GNSS) refers to. The zenith delay is usually also referred to this point, routine operation (mm) (mm) (ZTD) at sites with multiple GNSS antennas (Table 2). There
and Very Long Baseline Interferometry (VLBI). c.f. IERS Conventions (2010), where for the calculation of zenith BOGI | BOGO | 2001-11-23 - 2006-12-28 05 31 -a3mm (i) are two significant effects causing shifts of the running mean B s e moms aow e A
> The troposphere may provide a common parameter space for the a priori delay the height of the antenna reference point is 2002-09-20 - 2013-01-18 -0.1 3.7 value of the ZTD difference at co-located GNSS stations:
combined analysis and may thus play an important role for the recommended. However, there is a difference between the BORJ | BORK | 2005-06-08 - 2006-12-28 1.8 2.8 (i) Changes in the EUREF processing: results from 1996 =) 2
International Association of Geodesy's (IAG) Global Geodetic geometrical reference point and the tropospheric reference point. 2006-12-22 - 2007-06-03 -1.6 1.5 until end of 2006 are corming from EUREF reprocessing, Eom e
Observing System (GGOS). HERS | HERT | 2003-03-17 - 2006-12-28 0.3 19 +2.9 mm (ii) whereas 2007 to present is covered by routine operation. H
> With tropospheric parameters we denote the group of parameters In case of VLBI, the geometrical reference point is the invariant 003-08-15 - 2013-01-18 29 3.0 gialspamI0)] (i) Equipment changes: mast of the EPN stations had =
associated with the modeling of the dry and wet constituents of the | point, where the two antenna axes theoretically intersect. The 10z2 | J0ZE 2002-10-2? - 2006-12-28 -3.8 4.0 -6.2 mm (iiy receiver and/or antenna changes over time (Table 2). While L T T
non-dispersive atmosphere. It would be more appropriate to call geometrical delay is corrected by the estimated clock parameters 2008-09-12 - 2013-01-10 il Sl i) =M @ the receiver change does not significantly affect the running
those parameters neutrospheric parameters. and calibrated by phase and cable calibration to refer to this MATE | TARS | e s = e Felh mean value, the antenna change usually does. ° e
> Tropospheric delays have been used to measure and model point. At the same time tropospheric delays, which are T = = 7 . From the GNSS intra-technique comparison, we draw B°
atmospheric water vapor, a key parameter of the greenhouse effect | independent of the elevation angle, .g. the extra path due to b - comeaen| oo il ﬂ ‘ the conclusions: £e
and a driving factor for various climate feedback mechanisms, which | reflections of the received signal at the primary and secondary Ve a0 06 - 2005-12-25 | _3'1 709 - > The running mean value is affected by antenna and B8 WO marw  wwas 2w zwer @ mme ma amas am
is usually insufficiently observed by meteorclogical techniques. reflectors of the VLBI antenna are considered by the clock offset. 2004-10-09 - 2013-01-18 L0 8.6 other equipment changes (see Figure 3), the average . i
> Tropospheric delays provide a valuable basis for checking the The delay due to troposphere, however, refers to the point where | 'y | war | 1999-09-07 - 2006-12-28 o1 5 effect is 4 mm, and by changes in the EUREF processing, :'g":';ﬁé; G‘J‘S"siﬁi;z’:’;“?;m"‘;;‘j"‘”ﬁ”‘;’“szi‘;‘:r‘l‘:'n’é ‘}"‘ﬂ':’
consistency of individual contributions to a combined product (intra- | the signal actually enters the electronic antenna components, i.e. the average effect is 3 mm. Without such effects no sl i shift of the running mean value at the end of 2011 Is caused by a
as well as inter-technique related). the wave guide in the feed horn, a point which is usually slightly ONSA | SPTO | 2001-09-04 - 2006-12-28 | -6.0 103 d=68 km, observed (e.g. NYAL - NYAL). The ZTD height correction change of the pre-amplifier of the antenna (see National Report of
> Various authors have determined and compared tropospheric delays | above the geometrical reference point. European VLBI antennas 2002-07-05 - 2013-01-18 -6.3 10.6 dH=147 m works well even for larger height differences of up to about ~Switzerland at 2012 EUREF Symposium)
of the space-geodetic techniques, but discrepancies remain, which are all of azimuth-elevation (AZEL) type of mount (Table 1, SVTL | PULK | 90 km, 400 m (MATE - TARS). MOPI - MOP2 shows a significant ik
could not yet be completely assessed and explained. Figure 1). The antenna axes offset - the geometrical delay is 2008-05-17 - 2013-01-18 31 13.5 dH=24.5 m bias, which is probably due to the different antennas and 1" e
> Our investigations are concerned with a closer look on the European | corrected for this - points in horizontal direction and does not TLMF | TLSE | 2002-06-17 - 2006-12-28 -1.8 4.6 -3.6 mm (il) the usage of a dome: ,TZGD" (see Table 2). £ o
stations, which are associated with the European Reference Frame | affect the height of the tropospheric reference point. Depending A (AR 2 R = e > The standard deviation between co-located and £
(EUREF) and the European part of the International VLBI Service for | on the antenna focus the following equations describe the TROYTROM|I#853:06 3018300613500 k] ) neighboring GNSS sites varies between 1.6 mm (NYAL - B R i
Geodesy and Astrometry (IVS), called European VLBI group for reference height of the tropospheric delay: NYA1, co-location) and 13.5 mm (SVTL - PULK, d = 90 km)
Geodesy and Astrometry (EVGA) (1.a) Hy, ... = H + h, sin(e) U= b ;Eg?:gg E)o 58?32333 L i :;:;;5'“,;‘ depending on the amount of water vapor, the type of GNSS .., on
> Since 2012, time series of differences between the EUREF combined | (1.b) H.., .. = H + ( h, + h, ) sin(z) I 3 T - - antenna and on the distance (d) and height difference (dH) E_w T
solution and the EVGA combined solution are displayed on the Equations (1) depend on the elevation angle (&) and are therefore [ "T2% WETT | 1996-01-06 - 1997-02.01 T 110 of the antennas. The dependence on water vapor showsa £
EUREF Permanent Network's (EPN) webpage not absorbed by the clock model. Since a priori tropospheric [ Zimz | zimm 35 mra (i) seasonal signature. In our tests, GNSS ZTD agree well up
(http://www.epncb.oma.be) for eight co-located sites (Table 1), delays are usually corrected on the abservation level, the 2007-12-14 - 2013-01-18 1.3 2.0 to a distance of 90 km (Figure 4). UGS HOL S GWRwes mEwns o mas s
covering the period from 1996 to present elevation angle of the specific observation can be used, while, for _ o
(http://www.euref.eu/symposia/2011Chisinau/P-02-p-Soehne.pdf). | the estimated troposphere delay, a mean elevation angle during VLBI - GNSS inter-technique comparison and conclusions WETTZELL: EVGA [VLEI) vs. EUREF {GSS} EUR i= PuK
Galery of European VLBI - GNSS co- Iocation sites one hour ha; to be used. Mapping functions should refer to the | For the comparison the GNSS ZTD were interpolated at VLBI ZTD o aherenca) § :
reference height of the tropospheric delay instead of the epochs and running mean values were adjusted due to antenna i ol bl i bl
geometrical reference height. i ‘ change and change of the processing strategy (See above), if g ° sz awms 2w mes m o mus oaw o wes 2
In case of GNSSI(Figlire 2);thelgsometicalirsrsr=ncs polnt LBI and GNSS S a Figure 4: zTD, ZTD differences, and standard deviatians (mm}
usually equals a surface marker at the pillar ("Reference point™), | interpolated ZTD (Table 3) are slightly Irger than between co- at the EUREF GNSS sites Svetioe and Pulkovo, Russia. The Sites
where the antenna is mounted - in this case the ,Antenna height" | |ocated GNSS stations, but with a maximum of 6.7 mm still in an UL EWE RS0 0T R amemn are about 90km separated (+24.5m height difference, which is
Table 1: European ce-located VLBI - GNSS antennas, some antenna specifications (see (Table 1: h,) is different from zera - or it directly equals the acceptable range (6.7 mm ZTD equals 1.0 mm precipitable water 2000 :nmmd for) from each other, but still sense almost the same
Figures 1 & 2) and the height difference of the specific antenna reference points (dH) i e hichl . . Sl evea (s ropospheric delays. During the summer, when the amount of
2 - T T ~Reference point of antenna", which is very close to the actual assuming that most of the standard deviaticn is due to ZWD). = | EUREF (@SS atmospheric water vapor Is larger, the standard deviation
R e h, h. | GNSSantenna | h, | dH || phase centers of the two frequencies L1 and L2. Since the height | The mean values of the ZTD differences including the height £ | ' significantly increases.
MATERA | AZEL | secondary| 57 | 3.8 wae | o1 | 78 || difference between the phase centers and the ,Reference point of | correction are smaller than expected from the GNSS intra- £ 2w ¥ VIBI | GNS5 |mean|standerd| T- 9
oy able 3: via
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AR | Federal Agenoy for ZTD validation
graphy and Geodesy . . .
intra-technique comparison

ZTD difference KLOP minus BADH (EUREF combined solution)
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Sep 2012: Antenna change
from Trimble to Leica at BADH?
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IR | Cleereni ond @ Points for discussion .
artography and Geodesy

* Results (ZPD differences) for co-located (or
neighbored) GNSS stations useful —» time series
added to EPN web page?

= Introduction of special sections on EPN web for co-location
sites?

* Review of EPN Troposphere planned within TWG —
. could lead to new or modified products
* Number of external users of the product limited —»
. how to improve?

* BKG is intending to retire from EPN Troposphere
Coordinator position

15/05/2013 < Sohne — Status of the EPN Troposphere Products > 39



	Status of the EPN Troposphere Products
	Outline
	History
	EPN ZTD processing�redundancy
	EPN ZTD processing�redundancy
	EPN ZTD processing�redundancy
	EPN ZTD processing�redundancy
	EPN ZTD processing�consistency
	EPN ZTD processing�consistency
	EPN ZTD processing�consistency
	EPN ZTD processing�consistency
	EPN ZTD processing�consistency
	EPN ZTD processing�consistency
	EPN ZTD processing�consistency
	EPN ZTD processing�consistency
	Examples
	Examples
	Examples
	Examples
	Examples
	ZTD validation�inter-technique comparison RS
	ZTD validation�inter-technique comparison RS
	ZTD validation�inter-technique comparison RS
	ZTD validation�inter-technique comparison RS
	ZTD validation�inter-technique comparison RS
	ZTD validation�inter-technique comparison RS
	ZTD validation�inter-technique comparison VLBI
	ZTD validation�inter-technique comparison VLBI
	ZTD validation�inter-technique comparison VLBI
	ZTD validation�inter-technique comparison VLBI
	ZTD validation�inter-technique comparison VLBI
	ZTD validation�inter-technique comparison VLBI
	ZTD validation�intra-technique comparison
	ZTD validation�intra-technique comparison
	ZTD validation�intra-technique comparison
	ZTD validation�intra-technique comparison
	ZTD validation�intra-technique comparison
	ZTD validation�intra-technique comparison
	Points for discussion

