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Motivation and goals

@ Motivation: VLBI analysis at National Geographic Institute of Spain.
GNSS background.

o Goals: Address the following questions based on the analysis of R1 &
R4 sessions for the period 2013-2018:

@ What are the differences of VLBI-based ZTDs with respect to different solutions of
GNSS-based ZTDs in co-located sites?

@ Is there any subdaily pattern in the differences between techniques?
© How GNSS-based ZTDs used as a priori value impact VLBI estimation?
© What is the long-term behaviour of the wet and hydrostatic troposphere ties?
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Q1. VLBI-GNSS ZTD differences

Q1: What are the differences of VLBI-based ZTDs with respect to

different solutions of GNSS-based ZTDs in co-located sites?
@ Resources:
o Co-located sites: Bd, Hb, Ke, Kk, Ma, Mc, Ny, On, Ts, Wz, Yg, Zc
o VLBI-based ZTDs:
o |IAA
e CGS
e VIE
@ IVS combined solution
o GNSS-based ZTDs:
o CODE products: network solution. ZTDs estimated at 2 hours
sampling
@ IGS products: Precise Point Positioning (PPP). ZTDs estimated at 5
min sampling.

e Period analysed: 2013-2018
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-
2. VLBI-GNSS ZTD differences: subdaily analysis

@ GNSS techniques

Network
solution
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Q1. VLBI-GNSS ZTD differences
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-
2. VLBI-GNSS ZTD differences: subdaily analysis

Q2: Is there any subdaily pattern in the differences between techniques?
@ VLBI and GNSS observation schema:

0h 0Oh 0Oh
GNSS session|GNSS session

VLBI session
18 h 18 h

@ Segment differences computed in the previous step by UTC hours.
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-
2. VLBI-GNSS ZTD differences: subdaily analysis

- VLBI-GNSS ZTD differences with respect to CODE ZTD, segmented by
UTC hours. Wettzell station.
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2. VLBI-GNSS ZTD differences: subdaily analysis

- VLBI-GNSS ZTD differences with respect to IGS ZTD, segmented by
UTC hours. Wettzell station.
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2. VLBI-GNSS ZTD differences: subdaily analysis

- VLBI-GNSS ZTD differences with respect to CODE ZTD, segmented by
UTC hours. Yarragadee station.

Elcgs Miaa [Wivs Mlvie

Bias (mm)

[T e

-5
0 5 10 15 20
UTC time (h)

9/23



-
2. VLBI-GNSS ZTD differences: subdaily analysis

- VLBI-GNSS ZTD differences with respect to IGS ZTD, segmented by
UTC hours. Yarragadee station.
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-
2. VLBI-GNSS ZTD differences: subdaily analysis

- VLBI-GNSS ZTD differences with respect to CODE ZTD, segmented by
UTC hours. Badary station.
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-
2. VLBI-GNSS ZTD differences: subdaily analysis

- VLBI-GNSS ZTD differences with respect to IGS ZTD, segmented by
UTC hours. Badary station.
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-
2. VLBI-GNSS ZTD differences: subdaily analysis

- VLBI-GNSS ZTD differences with respect to CODE ZTD, segmented by
UTC hours. Matera station.
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2. VLBI-GNSS ZTD differences: subdaily analysis

- VLBI-GNSS ZTD differences with respect to IGS ZTD, segmented by
UTC hours. Matera station.
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3. GNSS-based ZTD as a priori value in VLBI processing

Q3: How GNSS-based ZTDs used as a priori value impact VLBI
estimation?

VieVS 3.1 has been modified to automatically:

@ Read ZTD and gradients from CODE troposphere files (TRO SINEX) for the

current and following day and store the data in an existing VieVS structure.

@ Extract GNSS coordinates from SINEX file and add antenna eccentricity.

@ For each observation
Interpolate linearly GNSS ZTD and gradients to the VLBI observation epoch
Compute the zenith delay correction due to height difference AZTD
Compute a priori ZWD as ZTDgnss — (ZHDVLBI+AZTD)

Map ZHD and GNSS-derived ZWD to slant direction and add gradients
contribution.

This rationale is only applied when GNSS data is available.
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3. GNSS-based ZTD as a priori value in VLBI processing
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3. Baseline repeatability - R1 & R4 2013-2018

« GNSS a priori
« Nominal processing

Baseline length repeatibility (cm)
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3. Baseline repeatability - CONT17 A
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|
4. Stability of troposphere ties

Q4: What is the long-term behaviour of the wet and hydrostatic
troposphere ties?

Formulation for the computation of hydrostatic (Saastamoinen, 1972) and wet
(Brunner and Riieger, 1992) troposphere tie corrections:

v (H — Ho)\ 7
= 1 —
P Po < TO )

0.0022768 (p — po)

AZHD =
’
1 — 0.00266 cos (2¢09) — 0.28 - 10-6Hp
—2.789¢p (5383
AZWD = — =770 —0.7803 ) v (H — Ho)
T2 T,
0 0

Hyp : reference height (VLBI station) H : GNSS antenna height
ep : water vapor pressure at reference height [hpa] po : total pressure at reference height [hpa]
To : temperature at reference height [K] g : gravity at the site ms ™2
v = —0.00065Km ~1: average temperature lapse rate Ry ~ 287.058m2%s 2K 1! : specific gas constant
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4. Stability of troposphere ties

Behaviour of GNSS troposphere ties for the period 2013-2018:

’ VLBI Station ‘ GNSS station Hy — H (m) ‘ AZWD + o pzpyp(mm) AZHD + o pzyp(mm)
Badary BADG 10.2 -0.31+0.2 -2.64+0.2
Hobart HOB2 -0.1 0.0+0.0 0.0+0.0

Katherine KAT1 5.0 -0.34+0.1 -1.3+0.0
Kokee KOKB 9.2 -0.4+0.0 -2.240.0
Matera MATE 7.6 -0.3£0.1 -2.0£0.1

Medicina MEDI 17.2 -0.8+0.3 -4.740.2

Ny Alesund NYAL 3.7 -0.14£0.0 -1.1+0.0
Onsala ONSA 12.8 -0.5+0.2 -3.6+0.1
Tsukuba TSKB 175 -0.940.4 -4.84+0.2
Wettzell WTZR 31 -0.14+0.0 -0.8+0.0
Yarragadee YAR2 6.9 -0.3+0.0 -1.84+0.1
Zelenchukskaya ZELE 8.8 -0.31+0.1 -2.140.1
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4. Stability of troposphere ties
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Conclusions

The analysis of R1 & R4 sessions for the period 2013-2018 focused on
troposphere delays leads to the following conclusions:

@ VLBI-based ZTD show similar level of agreement in mean bias sense
with CODE and IGS products.

@ No subdaily pattern appreciated with respect to CODE ZTD.
Subdaily pattern detected for IGS ZTD to be further analysed.

@ GNSS-based ZTDs used as a priori value in VLBI processing do not
affect estimation in terms of repeatibility.

@ Long term analysis of troposphere ties shows stable behaviour of wet
and hydrostatic ties, with standard deviation of wet tie below 0.4 mm
for the set of stations analysed.
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Questions? Thanks for your attention

Victor Puente

vpuente@fomento.es
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