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Abstract /Results: CGPS Coordinate Time Series 'Results: Spectral Index Estimates (Results: MLE of the EOF Analysis Results
In this presentation we investigate the effects of GPS processing techniques and strategies, and the related reference frame realization, The spectral index estimates from the MLE (WN+PLN) have been evaluated for their stability Four noise models have been fitted to the EOF time series for each of the 15 solutions. The differ-
on the stochastic properties of continuous GPS (CGPS) position time series. It was of particular interest to establish whether and how The authors have analyzed 15 different CGPS coordinate time series solutions (Table 2). Figure 3 (Figure 7) and their solution-dependency (Figure 8). ences of the MLE values for the coloured noise models indicate a preference of WN+PLN over
different GPS processing techniques and strategies, e.g. double differencing (DD) and precise point positioning (PPP), and the use of shows the height time series for Newlyn for ten selected solutions. North Component East Component Vertical Component WN+FN. For most solutions and EOF modes, the WN+PLN model does, however, not fit signifi-
different orbit and clock products, and/or the definition of the reference frame (partly dependent on the applied strategy) affect the Newlyn (NEWL) _ o , _ ZZ """""""""""""""""""""" _f 0'53_ """"""""""""""""""""" _f zz """""""""""""""""""" _f cantly better than the WN-+FN model (Figure 12). The spectral index estimates from the
colored noise content of time series. We used CGPS position time series from 15 different solutions obtained from seven different 550 1 - - - F1gur§: 3: Height tlm,e SEHES for Ne.wlyn for e O P T T  Be it e TNV B I S S ] MLE(WN+PLN) mostly vary between -0.2 and -1.4 with few outliers, and show differences be-
analysis centers as part of the European Sea Level Service - Research Infrastructure project (ESEAS-RI) using the GIPSY OASIS 11, iyt gecm_gns t,en different cgqrdmate tlme. series solu- § :1:0 "‘\ RIRLETSEYS T T ?z e AL ‘ Q}L ? :1:0 k SOy :' tween solutions and EOF modes (Figure 13). A whitening with increased EOF mode is visible with
GAMIT and Bernese GPS softwares. All time series analyzed have at least three years of data for the period between 2000 and 2005. o] gCM_rns thIlS: Clearly VISlb.le e the dlfferenF char- ‘% I £ sk .. | LN % PR SR a jump to more coloured noise at EOF modes 11 and 12 (Figure 13b). Flicker and white noise am-
Furthermore, a selected set of position time series was also analyzed using Empirical Orthogonal Function (EOF) analysis. The noise L - aCtCI‘IStl.CS of the' time series depending on B pof , | 8. n | | @ L0 plitudes have been obtained from the MLE(WN+FN). A strong decrease of flicker noise with in-
content of the first 15 modes, representing the solution-specific common mode time series for each of the selected solutions were then B 'f._'- nma_igs Processing techn1qu§ .and strategy., and .ref— 25k USSR .2.(;00 25k —— '2-;00 25l —— '2'(;00 creasing EOF mode is indicated (Figure 14a). The decrease of white noise with increasing EOF
also investigated for colored noise. Using Maximum Likelihood Estimation (MLE) a white, a white plus flicker, a white plus power- - #%| nma_jpl Crenee }tl"rame de(:lﬁmtlon. T}tle fhelghlt tt.lme . Number of Points in Time Series Number of Points in Time Series . Number of Points in Time Series mode (Figure 14b) is less dramatic than for flicker noise. The white noise component of the first
law and a white plus first-order Gauss-Markov (FOGM) noise model were fitted to the position and EOF time series data. For both E T . SCTIES SHOW 200 AgTCCIENLS 101 SOIULIONS Figure 7: Spectral indices per number of points in the coordinate time series from MLE (WN+PLN)' EOF mode seems bi-modal in nature, indicating common white noise that is exactly the same at all
the position and EOF time series the parameter model included a constant, a rate and harmonic terms with annual, semi-annual, 4- o | nma_jpl, roa and upc. The height time Thick black line shows theoretical index derived from simulated WN+FN data [Williams et al., B stations of a specific solutions, which is coupled with white noise that varies at each station. In con-
monthly, 3-monthly, 2.4-monthly and 13.66 day periods. Position jumps were modeled at logged epochs or at visible discontinuities in ,I§; 5 Jof STC_it00X SEHIES of solutions i a_jpln, roa_jpln and 2004]. Error bounds are 3. trast, flicker noise indicates a spatially correlated signal.
the time series. The MLE showed that in most cases the best fitting noise model is a combination of white plus power-law noise with § il upe_Jp In are not Q1splayed as these are 05— North Component ____~ ,, _ FEastComponent _ _~,; _ __ Vertical Component _ e MLE, - SMLE, s ZMLE,, - XMLE, s IMLE,. - ZMLE, s TMLE, - TMLE, s SMLE,, - SMLE, mumm XWLE,, - XWLE,
average spectral indices in the range between -0.5 and -1.4. This model is closely followed by the combination of white plus flicker unott_eg7p e'qulvalent to fma_jb L rod and, Upe, TESPEL . oof { o« oof { o« oof b) ol S
and white plus FOGM noise. The noise properties of the EOF time series follow predominantly a white plus power-law character, .| unott_erdp tively .and only differin th?lr modelling gos l ? l Y Y T T . T l l l EOS l . ‘ | ? . l y . EOS Y ‘ l Y . Y ? l ' . ‘ 00}
with the first few modes indicating a white plus flicker noise behavior. In general, DD solutions contain less noise than PPP solutions - The. time  series of - solution srcand g 127 | B I I w OF =T |
and that regional reference frame definitions further reduce the amount of noise in the time series. Hpe s¥c_.1gOOX are .not shown as these are very & ;Z | & : | & ;z z o
ulr similar to src_1t00x. N N R B S | < s}
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Introduction . I { - CGPS Coordinate Time Series AnaIySIS Strategy Fpoch vl Figure 8: Stem & Box plots of spectral indices per solution. The spectral indices generally fall be- Y] SR R o0t
Results: Identification of the Best Noise Model tween -0.5 and -1.4. There is some indication of a solution-dependency of the indices, especially for A f’ : EOF Mode

The authors applied a coordinate time series analysis strategy primarily designed to obtain highly

accurate station velocity estimates with realistic uncertainties, i.e. by accounting for coloured noise Figure 12: Significance tests for different coloured noise models per solution (a) and EOF mode (b).

in the CGPS coordinate time series [Teferle et al., 2005]. However, through a combination of the Four .noise moFlels have been ﬁttec} to the cogrdinate time series for egch of the.15 solutions.. For all R Its: Noi A litude Esti . Test of the hypothesis of WN+PLN and WN+GM against the null hypothesis of WN+FN. See
main analysis methods, Maximum Likelihood Estimation (MLE) and Empirical Orthogonal Func- solutolons a Wh{te plus coloured noise mf)del is preferred over the white only noise model (Figure 4). esults. Noise Amplitude =silimates Figure 5 for further explanation. Significance threshold is indicated by horizontal lines.
The 1dentification of a best coloured noise model cannot be based on the MLE values only, as these,

Continuing the work of Williams et al. [2004],
the authors investigated the effect of different
GPS processing techniques, strategies and refer-
ence frame definitions on stochastic noise in

the solutions unott eg7p and unott erdp.

CGPS coordinate time series. The time series tion (EOF) analysis, 1t 1s possible to improve the understanding of CGPS coordinate time series . . . _ . . .
f 30 CGPS stations | d 1 and their stochastic properties e.g. in the presence of WN-+FN, tend to be slightly larger for the WN+GM and WN+PLN models Figures 9 and 10 show the white and flicker noise amplitudes from the MLE (WN+FN). Clearly, a) 50 b) Dy S B
stem from ~ stations Jocated at or ¢ ose | than for the WN+FN model. An alternative method to differentiate between these models 1s dem- the effect of different CGPS processing techniques and strategies, and reference frame realizations Y e N T 4 e v
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data have been processed by seven different The CGPS coordinate time series analysis strategy incorporates both a pre-processing and an actual onstrated (Figures 5 and 6). 1S VIS'lble. Interestingly, .alSO the ratlp of the Wh1t§ and ﬂleC.I' noise amph.tude.s shpw signs of § ool i i EHE LRI B R g ool ]
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analysis centres. These include six analysis cen- coordinate time series analysis stage. During the pre-processing stage several tasks are carried out: e T T _ e T T T ] T solution-dependency (Figure 11). Finally, a ranking of the different solutions 1s given (Table 3). s OF s T [ 12 ]
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series used bv the authors from each analvsis . In the coordinate time series analysis stage the authors use the MLE to estimate the slope and inter . _ . _ £ g VEEmSER T £ 2P ﬁ W T £ 2 ﬁ | : , : : : : :
) y Y processed by the six ESEAS-RI CGPS ACs. cept, annual, 6-, 4-, 3- and 2.4-monthly, and 13.66 day signals, and coordinate offset magnitudes at Figure 4: Differences of the sum of the MLE values for each coloured noise and the white only Y I B e WM S Y s A *7* L ﬂ Y I S Figure 13: Spectral index estimates for EOF time series from MLE (WN+PLN) per solution (a) and
centre. » > 075 7, ~ » ' ; - : - - o nes i indi indi :
any known or required epochs. Furthermore, the authors evaluated four different stochastic noise noise model per solution. Most differences for the coloured noise models are insignificant, thus do R R I A (R R R A (R R R A EOF mode (b). Gray lines in (b) indicate spectral indices per solution.
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Table 1: Analysis centres for which CGPS coordinate time series models: not alone allow an i1dentification of a best coloured noise model. Figure 9: White noise amplitudes from MLE (WN+FN) per solution. Error bars are 16.
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Table 2: Solution Matrix of the CGPS coordinate time series analyzed by the authors. The served for a specific solution. These coomon mode signals often depend on the CGPS processing Figure 10: Flicker noise amplitudes from MLE (WN-+FN) per solution. Error bars are 1o EOF Mode EOF Mode
table shows long and short solution abrreviations, the reference frame of the time series, the technique and strategy, and the reference frame realization. In order to characterize the stochastic Figure 5: Significance tests for different coloured noise models per solutions. In most cases the hy- 8 ' P P ' '
GPS software used, the processing technique and strategy used, and additional comments. noise of these common modes, the authors analyzed the EOF time series using MLE. pothesis of WN+PLN and WN+GM can be rejected in favour of the null hypothesis of WN+FN e S T T TITTITIITT STl 10 Figure 14: Flicker (a) and white (b) noise amplitudes for EOF time series from MLE (WN+FN) per
Detailed information on the GPS processing can be obtained from Kierulf et al. [2005]. being the best representation of the noise. In other words, although the differences XMLE -XMLE_ o et - e [ EOF mode.
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oot Qloballiese0 - Bemesevd.2 - BD 9 Y v tematic variations in the CGPS coordinate time Figure 6: Differences of MLE values for the WN+GM and WN+PLN models per number of observa- | Figure 11: Ratio of flicker and white noise amplitudes from MLE (WN-+FN) per solution and station. Jij Were identified as best representation of the stochastic properties for most coordinate and EOF time
PER(TIGA) uir na  globallTRTZ000 - GAMITICATRER DD e e series. tion epochs in the time series. As the number of epochs increases, the differences become more nega- ll Gray squares indicate that no values are available (N/A). series. Although, the MLE values favoured WN+PLN over WN+FN, WN+FN cannot be ruled out.
ONOTT  unott ea7o s cloballTRF2000  Bemesevso  PPP s Maximum Maximum tive, indicating that despite the fact that the differences are more positive for a smaller number of | | | | | e Spectral indices and noise amplitudes for coordinate and EOF time series differ per solution and
unott_erdp ur regional/ITRF2000  Bemese v5.0  PPP IGS Elslﬁr:g:gﬂ E;l:?r:f;zgi epochs, the MLE is starting to distinguish correctly, in favour of WN+PLN, between the two noise Table 3: Ra.nklng of soluthns giependmg on noise amplitudes. Table shows mean EOF mode and are gene.rally in the range between -0.5 and -1.4 for coordinate time series and -0.2
UPC upc uc globalITRF2000  GIPSY OASIS Il PPP JPLixfiles oy up to October 2004 (MLE) (MLE) models. The line is a fit to the differences. The error boundaries are 16. noise amplitudes and ranking in brackets. to -1.4 for EOF time series.
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1 extra offset in 2004 v v References North East Height North East Height e The ranking of the solutions shows that regional solutions are less noisy than global solutions
seentadiEsizies W el Ui o 06 (2 12 (8 15 (2 28 (4 29 (2 105 (8 and that double difference solutions are less noisy than precise point positioning solutions.
with realistic Uncertainties | |CGPS Coordinate Time Series Kierulf, H. P., H. P. Plag, R. M. Bingley, F.N. Teferle, C. Demir, A. Cingoz, H. Yildiz, J. Garate, J. M. Davila, C. Garcia Si.lva, R. 2;g_it00X 18 Eg; (133 21; g? ((1;)) g; Eg; 252; ((195)) 1;3 élg; e The regional GAMIT/GLOBK (gcm rns) and the global GIPSY OASIS II (nma 1gs) solution
Ackn OWledgementS ﬁlc;‘lllnzlécul;ac‘; ayeifgl li'né’x;g;nelfl;];:izjsagﬁ’cﬁrggg S‘?&l ﬁﬁﬁ?iﬁ%ﬁﬁ??’ Comparison of GPS analysis strategies for srcigo0x 1.3 (9) 08 (2) 37 (14 22  (3) 32 (4 114 (1) were identified as best and worst solutions, respectively. It should be noted that the increased
- ) ) . roa 1.3 (7) 1.8 (9) 3.3 (7) 3.6 (8) 4.0 (9) 9.2 (4) . . . . . .
This work was carried out throuch the Eurovean Sea Level Service Research Infrastructure Teferle, F. N., S. D. P. Williams, H. P. Kierulf, R. M. Bingley, and H. P. Plag (2005), A Continuous GPS coordinate time series roa_jpin 1.3 (6) 1.8 (8) 3.3 (8) 3.7 (9) 4.0 (10) 9.4 (5) amount of noise in this solution can be entlrely explamed by the use and the nature of IGS final
. g P T analysis strategy for high-accuracy vertical land movements, Physics and Chemistry of the Earth, submitted. Epmca—'p' ;g 82; 12 ((1 72)) g? (( 1%)) 2; (( 1%)) gz E 8 g? g g; products within GIPSY OASIS II.
(ESEAS'RI) pI'OJ ect funded by the EllI'OpCaIl COIIlIIllSSlOIl Framework 5 COIltI'aCt NO. EVRI 'CT' Wllhams, S D P, Y. BOCk, P. Fang, P. Jamason, R. M. leOlaldIS, L. Praw1r0d1rdj0, M. MIHCI', and D. Johnson, Error AnalYSIS of upc_jpln 2:0 (13) 1:3 (6) 3:7 (12) 3:7 (11) 3:4 (6) 9:2 (3) ° The amount Of nOISe 111 the EOF tlme Serles decreases and becomes Whlter W]th lncreaSIHg
2002-40025. The CGPS data were made available to ESEAS-RI through the Natural Environment GPS Position Time Series, J. Geophys. Res., 109 (B3), B03412, 2004. nma_jpln S S A S S A S S LR S des. Thero ; - dication that the white noi ¢ of the first mode is bi-modal i
. . . . : unott erdp 1.2 4 18 (100 25 3 40 (120 &1 (13) 119 (12 modes. There 1s an indication that the white noise component of the first mode 1s bi-modal in
Research Council funded British Isles GPS archive Facility (BIGF) (www.bigf.ac.uk), the ESEAS unott_eg7p. 1.2 ((152)) 20 833 28 Eg; 40 E]3; 8.1 m; 143 ((1;1)) nature P
. . ulr . 5 4 : S5. 4 4.7 : .
CGPS archive, and both EUREF and IGS data archives. nma_igs 24 (15 32 (15 51 (15) 148 (15) 127 (15) 182 _ (15)

Further research on potentially larger data sets 1s required in order to reduce site-specific effects.
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