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° What is worth noting, changes between solutions in the estimated ZTD are high correlated (negative correlation) with the changes in the estimated height G Nvkiel
In trOdUCtl On (Fig. 2, Fig. 3). It probably means that changes in the estimated height are somehow compensated by the ZTD estimates. It can be assumed that ZTD time 2€g0rZ INYKIE

series derived from solutions for which higher elevation mask was applied, are flawed by the higher uncertainty of the estimated height.

For the GPS observations it is well known that observations at a very low elevation angle are more erroneous due to - 02 s I BRUX
. . . . . . P v Ditference in ZTD (w.r.t. variant 00°) P Ditference in ZTD (w.r.t. variant 00°) 40 Ditference in ZTD (w.r.t. variant 00) 40 Ditference in ZTD (w.r.t. variant 00°) 40 Difference in ZTD (w.r.t. variant 00°) 40 Ditterence in ZTD (w.r.t. variant 00°) -% 0.4 ] .Tgu 0.4 ]
the signal propagation effects (e.g. atmospheric delay, multipath or antenna phase centre variations) than rest of I ""[' ] i | I S L \/\ﬁ S e \«\
them. From the other hand Davis (1986) showed that higher cutoff elevation angle results in greater uncertainty in 22 = 2 Mkld 4l G 1 . 2 . S s S s
. . . . . . . . 3 3 ” 3 3 3 2 -1.0 : . : -1.0 : : :
estimated height and higher correlation between estimated height and zenith tropospheric delay (ZTD). d I oW £ d : L i i covatonane (1 i dovaton ansle o1
Consequently, for many years scientists were focused on reducing modelling errors at low elevation angles to break | L | Al | “U nﬁ‘ ”I w ” MMM VW W\, —— __
. . . . . . . . -40 ' ' c -0 c 0.
thls Correlathn and decrease the uncertalnty Of the estlmated parameters PrOgreSS 1N thls fl/ed /ed to the Sltuatlon 40 Difference in Height (w.r.t. variant 00°) 40 Difference in Height (w.r.t. variant 00°) 20 Difference in Height (w.r.t. variant 00°) 20 | ” 20 Difference in Height (w.r.t. variant 00°) % _Zj_ Egd _zj_
that nowadays rather low elevation masks are used in the routine processing. However, Elgered et al. (2012) showed o 1 | ! o s ‘ WV w o s | AR ? W‘ T ' B Tt § oo \\*
: : . . RE . . T | 30°7 ] 30°% \ ""n il | f0°F ST ] 30°F o7 e {‘ (O 1] (T u | | 30° 08 -8
that for climate studies GPS observations cutted above 25° give us better compatibility with the radiosonde data. i lL l “ J' b 59 o oo Jh“ 1‘“ '.‘&“ MBS km" ““ e R L "'b 208 1o (PR l~ - R
E—QO ’1i l L \ Iht‘s”’ ng&ﬁ yﬂaﬁ 15'5_20 W . w ﬁ\@”‘& ’f »W"V ,\ffﬁf' Téjg_eo : ?'} } Al I'H":“Iféjg_eo féig I:E J Minimum elevation angle [°] Minimum elevation angle [°]
_40 A'-A | . i) ll I LMIM. 0s° o ‘BF{UX . o= easc | R Ul R [ _ | o, ko | e, |sFER_ | _ose _ _EZ mseL| _ZZ ZARA
M e t h O d .J F b Mar Apr May J201J5I Aug Sep Oct Nov Dec Jan Feb Mar Apr May JL;01JE|:I Aug Sep Oct Nov Dec Jan Feb Mar Apr May Ju2n01J5uI Aug Sep Oct Nov Dec Jan Feb Mar Apr May Ju2n01J5uI Aug Sep Oct Nov Dec Jan Feb Mar Apr May JL.|2r101J5L.|I Aug Sep Oct MNov Dec Jan Feb Mar Apr May Ju2n01J5uI Aug Sep Oct Nov Dec % o4 % 04 ]
Fig. 2. Comparison of the differences in ZTD and Height estimates. High negative correlation is clearly visible (e.g. Pearson’s linear correlation coefficient for variant 30° for station CASC is -0.54). Note that ZTD and vertical component ° ‘f‘s' \*\\ © -‘1"-8‘ \_"“-'-‘
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To better understand how exactly the adopted cutoff angle affects the estimated tropospheric delay, we ’ o Vinimum elevation angle [ Viimom elevation angle [
compared ZTD annual time series (for the year 2015) estimated for 45 EPN stations with using different . . . . . . Fig. 3.P s li ati fficient bet
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cutoff elevation angle: from O to 40° every 5° Except this, all the rest parameters of GPS data processing . . L estimated differences in ZTD and Height for analyse
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correlation between obtained biases and location of the stations shows that they are not latitude-
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Software: GAMIT 10.50 locally.

Period: 01.01.2015-31.12.2015 (1 year) Three cases of close stations (KIRO/KIRU, POT2/POTS, ZIM2/ZIMM - Fig.4) show that beside ‘

Observations: GPS, 30 sec. site-dependent biases (related to the weather condition or direct impact of observation

Elevation mask: 0° 5° 10° 15° 20° 25° 30° 35° 40)° geometry, that in general are identical at the same site), there appear also station-dependent ~

. T biases (related to the specific signal propagation at each stations).
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To investigate how the signal propagation is ,mismodelled” we analysed the post-fit phase residuals (Fig.6). All effects related to S u m m C] ry
the signal scattering, like antenna phase centre modelling, multipath effect or atmospheric delay should be reflected here. What
is already shown by others (e.g. Elosequi et al., 1995) strong multipath can cause regular change in height (also in ZTD) when one

Results

[milimeter

increases the minimum elevation angle of observation. This kind of propagation effect is usually visible in post-fit residuals below Switching elevation mask from O to 40 degree caused
20° elevation angle and should be repetitive from day to day (e.g. KIRU, KLOP, MSEL, PENC, VILL). For selected stations, when changes in estimated value of ZTD. These changes
No doubt various minimum elevation angle affect the estimated ZTDs as well as their formal error. In general, mostly this phenomena is visible, the bias in height and ZTD for solution ,10°" (MSEL, VILL - Fig.4) can be noticed clearly. were, however, various for various stations and there
the higher minimum elevation angle the higher formal error. However, formal error is not the best factor of However, the highest biases appeared together with the higher fluctuation of the post-fit residuals in the whole range (MARS - were no significant latitude dependency between them.
reliability of the estimated ZTD. In general, it grows together with the decreasing number of observations and inappropriate antenna PCC ?) or in high elevation angle (CANT). As it was noticed also for few Nordic stations, higher biases For some of stations, applying higher cutoff angle
it can be helpful to evaluate the quality of estimated ZTD in the same solution (no to compare them). (together with the higher post-fit residuals) appear also during winter (VAAS - Fig.7). elevation caused increasing of ZTD value and for the
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Fig. 1. Example results for three selected stations. Top box shows differences between estimated ZTD from each of eight solutions and estimated ZTD from solution ,00°”. T 27 Fia. 7. Above: Post-fit oh Aual evati of ected 10
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