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Motivation

]
2.

3.

IGS-RTS -> Real-time GNSS meteorology

Investigations on:

®* elevation dependent weighting (Ning 2012),

®  multi-GNSS solution (Li et al. 2015),

® relation between clock and ZTD accuracy (Shi et al. 2015),
®  observation model, AR, I2+ effects (Ahmed et al. 2016).

Stochastic modeling - random walk (RW) with process noise (PN):
*  RWPN=5mm/vh for ZWD in PPP (Kouba and Horoux 2001),
*  RWPN=20mm/vh for ZWD constraint (Pacione et al. 2009),
® constraining based on initial empirical test (Dousa et al. 2013),
® RWPN of about 5-10 mm/+vh (Lu et al. 2015).
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I Random walk theory

ZWD random walk - Markov (memory-less) process:

E(|S,(e)]) = eym

S - translation distance, n — number of steps, &€ — step length

Adopting for troposhere :

E(|AT;y5c — AT|) = eVt

AT — tropo delay, 6t — time interval, e = RWPN

To estimate RWPN if a time series of AT is known:
E(e) = |AT .50 — AT | /V 6L
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Data and test campaigns

GNSS data

« 20 1GS stations (RINEX)

e RTS IGS03 stream

» reference: IGS Final ZTD
(5 min, 0=1-2mm)

Test campaigns:
 DoY 155-161,2013
* DoY 330-336, 2015

NWP models:
« ECMWE (from VMF1)
(2.0 x 2.5 deg grid, 6 hours)
 GFS4 forecast (ray-tracing)
(0.5 x 0.5 deg grid, 3 hours)
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I Processing variants

Simulated real-time mode in GNSS-WARP software:

1. Fixed — initial empirical testing
®* RWPN: from 1 mm/v¥h to 10 mm/vh (with 1 mm/v h step)

2. NWP based yearly mean RWPN
® use ZWD time-series from the past year

3. NWP based seasonal mean RWPN
® use 30-day window of corresponding season, last year

4. NWP forecast based dynamic RWPN
® use NWM forecast to estimate RWPN in real-time

Objective: Provide optimum RWPN setting

without initial empirical tests.
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Yearly mean RWPN grids
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« Hydrostatic and wet RWPN are geographically dependent
« RWPN repeats year by year
« Wet RWPN: 0.1 — 12.0 mm/~h, mean — 5.0mm/ vh, Europe ~ 5mm+h
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Seasonal mean RWPN grids
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« Hydrostatic and wet RWPN vary over seasons
« Wet RWPN varies slightly over lands, significantly over oceans
« Wet RWPN: 0.1 — 16.5 mm/~h, mean — 4.8mm/ vh, Europe ~ 5mm+h
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Case study - station HERT
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« good agreement of RT solutions with the the Final solution
« small differences among RT solutions
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Wet RWPN:
................. yeal"|y

Season_al

ZTD:

— final

——— best fixed
— yearly
—— seasonal
— dynamic

I Std.Dev.

—— Epochs

» the larger the RWPN, the smaller % of epochs, best fixed =3 in 2013, =7 in 2015
« yearly and seasonal approach are almost as good as the best fixed (StdDev & %)

» dynamic approach reduced StdDev (18%!), % of epochs is high
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Case study - station PARC
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yearly and seasonal — equally good
dynamic variant — more accurate, less available
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Case study - station YSSK
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« best fixed RWPN: 10mm/+h in 2013 and 2015, but significant loss of availability!

« optimum RWPN: 5mm/+h

« yearly and seasonal — unambiguous among years
» dynamic variant — more accurate, less available
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I Comparison of wet RWPN among variants
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No single globally optimum value of RWPN!
Optimum RWPN is time and location dependent
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SOlUtiOn availability DoY 155-161. 2013
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Solution accuracy 30 _DoY155-161, 2013

2013:
» For Fix 5-10, yearly and seasonal:
e error: average=10mm, max<20
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Overall evaluation

B /) %] [mm]
_Min Max Avg Min Max Avg Min Max

Indiv. Fixed 1.0 100 938 433 985 103 63 174
22 86 935 50.0 986 111 66 180

2013

B b %] [mml
_Min Max Avg Min Max Avg Min Max

Indiv. Fixed 1.0 100 977 899 996 89 36 142
22 93 954 375 996 97 37 17.7

00 453 961 76.3 996 9.2 4.2 147

2015
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I Conclusions and recommendations

1. Optimum RWPN is location and time dependent parameter.
2. There is no single globally optimum value of RWPN.

3. The best results are obtained where RWPN is determined
empirically, but:

® itisvery time consuming (# station, time series length),
® it may still varies depending on the test-period.
4. Instead of using empirical apporach, one can:
® use global yearly RWPN grid (static, look-up table)
®* perform NWP ray-tracing using short-term forecast data to
apply dynamic RWPN
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