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Modeling of Colored Noise in Long-term GNSS Coordinate Series
and its Impact
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Abstract: Objectives: The presence of colored noise in Global Navigation Satellite System (GNSS) coordinate time
series data holds significant value for the analysis of GNSS coordinate models, particularly in velocity analysis. In
previous studies, researchers have focused on modeling colored noise in the short to medium-term coordinate series
of 10-15 years, paying less attention to the variation of long-term accumulation of coordinate series on colored noise

modeling. Methods: Therefore, we investigated 78 coordinate series from 26 International GNSS Service (IGS)
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stations in California over a period of nearly 30 years. We compared eight commonly used noise models by utilizing
the maximum likelihood estimation method to estimate the parameters of noise models and the Akaike Information
Criterion is applied to select the optimal model among the alternative models. Results: The results indicate that among
the selected IGS reference stations, 61.5% of the series exhibit WN+PL+RWN (White Noise + Power-law Noise +
Random Walk Noise) as the optimal model in the N direction, while this proportion is 57.7% and 42.3% in the U
direction and E direction, respectively. Then the velocity uncertainty (standard deviation) estimation is performed
between the optimal model and the control model WN+PL (White Noise + Power-law Noise). We found that the
average velocity uncertainty of the preferred model is 5.2 times higher than the control model in the N direction, 5.0
times higher in the E direction, and 4.0 times higher in the U direction. Conclusions: the research in this paper
demonstrates the following: the choice of noise models has a significant impact on the estimation of velocity
uncertainty parameters, the results vary apparently when different noise models are used. In order to accurately and
objectively represent the uncertainty of velocity estimates, it is advisable to carry out meticulous analysis of colored
noise modeling in practical applications. Additionally, most of GNSS coordinate series with a duration of over 16
years have the potential to detect RWN, and models without RWN tend to significantly overestimate velocity
uncertainty. Hence, the impact of RWN in long-term GNSS coordinate series data cannot be disregarded.

Key words: Long-term GNSS coordinate series, Colored noise, Maximum likelihood estimation, Akaike Information

Criterion, Velocity uncertainty
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Tab 1. Index of abbreviations for noise models in the paper

Rk 7S AR Noise Name in English 95
I e White Noise WN
IR R P Flicker Noise FN
TR Powerlaw Noise PL
BEALIE A I 7 Random Walk Noise RWN
7S - By R ] R Generalized Guass-Markov Noise GGM
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Fig 1 Distribution of IGS stations and seismic centers of magnitude 6 or higher in California Region
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Fig. 2 Schematic diagram of observation duration and observation data loss ratio of IGS stations in california region selected in the experiment
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Tab 2 Information overview of IGS stations in California

R AR 78 & & BfiE)/aammdd 1% % B #2AjB] /aammdd
BILL 990CT16 10APR04 19JUL06 99JUN10 050CT26 20SEP21
BLYT 990CT16 10APR04 19JUL06 95AUG03 00MAR30 09AUG19 22MAY11
CHIL 990CT16 10APR04 19JUL06 95MAY30 12MAY08
CIT1 990CT16 10APR04 19JULO06 98DEC18 09JUNO09 12NOV07 13NOV26
CMP9 990CT16 03DEC21 10APR04 19JULO06 11FEB16 22MAR22
CRFP 990CT16 10APR04 19JUL06 95FEB02 95AUG09 12FEB21 12DEC12
COSO 990CT16 10APR04 19JUL06 20MAY 15 96APR29 10JAN08 19DEC12
DHLG 990CT16 10APR04 12AUG26 19JUL06 00APR06 100CT10 11MAY04 12JUN21
GOL2 94JAN17 990CT16 10APR04 19JUL06 06SEP27
HOLP 990CT16 10APR04 19JUL06 95MAY19 11APR05 120CT12 21JUN23
JPLM 94JAN17 990CT16 10APR04 19JUL06 94JUN14 12SEP11 18DEC25
LBCH 990CT16 10APR04 19JUL06 99NOV03 01FEB03 09NOVO07
MONP 990CT16 09DEC16 10APR04 19JUL06 94JUL20 95JUN18 99JUL20 11JUL29
PIN1 94JAN17 990CT16 10APR04 19JUL06 95AUG02 97JAN23 99JUL13 11MAY11
QUIN 94SEPO01 05JUN15 14MAR10 19JUL06 03JULO09 09JAN15 17AUG31
ROCK 990CT16 03DEC22 10APR04 19JULO06 95MAY?22 12APR04 21JUN10
SCIP 990CT16 10APR04 19JUL06 01JULO6 11JUNO02 140CTO08
SFDM 03DEC22 10APR04 19JUL06 06MARO02 21APR04 19JUL06
SPK1 990CT16 10APR04 19JULO06 99JANO5 11JUL29 22MAY04
TABL 990CT16 10APR04 19JULO06 12FEB17 13NOV13
TORP 990CT16 10APR04 19JUL06 99JANO06 11JAN06 32SEP20
TRAK 990CT16 10APR04 19JUL06 95AUG04 09APR0O1 11MAY25 12DECO07
VNDP 94JAN17 990CT16 10APR04 19JUL06 94MAY 14 95AUG03 060CT10 21DEC03
WHC1 990CT16 10APR04 19JUL06 99JANO05 12MAR12
WIDC 990CT16 10APR04 19JUL06 10SEPO6 13NOV19
WLSN 990CT16 10APR04 19JUL06 99JANO06 11APR29 21NOV05
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Tab. 3 Brief introduction of optimal noise model of the IGS stations in California region
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Tab. 4 Model selection results for different lengths of GNSS coordinate series
FHEIFFIHK B /a XS L B ] RIIGEER  SHREEERERA% & RWNREMEE S/ %
4 2019/1/1~2023/1/1 423 11.5
8 2012/1/1~2010/1/1 38.4 11.5
12 2008/1/1~2020/1/1 50.0 19.2
16 2001/1/1~2017/1/1 WN+FN+RWN 57.7 73.1
20 1997/1/1~2017/1/1 WN+FN+RWN 53.8 80.8




Pl 3 s AN T ) 43 B R ATC DU 1R B (R 7 AR 43 A1

Fig. 3 The optimal noise model distribution of individual directional components in the experiment under the AIC criterion.
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Fig. 4 The AIC difference between the WN+PL+RWN model and the WN+PL model
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Fig. 5 Comparison of stations velocity between WN-+PL model and WN+PL+RWN model
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Fig. 6 Comparison of velocity uncertainties between the WN+PL model and the WN+PL+RWN model in California region
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Fig. 7 Multiplier of velocity uncertainties between WN+PL+RWN model and WN+PL model
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AR B S IS . X WNHFN+RWN FT WN+FN 578 0 3047 38055 AN e P LA, 45 SRl 8, thEME T
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Tab. 5 Brief introduction of the noise components of the stations when the velocity uncertainties of the optimal model

and the reference model are equal

ik ot RS I 75 1) 1 Yo BRI P AR I 7S A R Yo

aE WN PL WN PL RWN
CMP9_N 45.86 54.14 45.86 54.14 0
CMP9_U 33.847 66.153 33.847 66.153 0
PINI_E 66.036 33.964 66.036 33.964 0
SCIP_U 58.373 41.627 58.371 41.629 0
SPK1_E 43.692 56.308 43.691 56.309 0
VNDP_N 0 100 0.026 99.974 0

VNDP_U 0 100 0 100 0
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Fig. 8 Comparison of velocity uncertainties between the WN+FN model and the WN+FN+RWN model in California region
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st K FH G PR S 2 BB AR A AN Dy BRI HEAT RS 55 B e 6, DL 1GS14 S HEHESE, ] GIPSY/OASIS-
TR A 53Tk H 423K 17000 24> GPS wfi ), HACH RIS 3L 6 Fronl?’), Jf HAEHET 2% 2555t
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Tab. 6 Time series processing strategies of NGL

SEIEH SEEIRIE KEHKIE HERENS
R R 2 () 8 I 3%
1GS14 FES2004 3] 7 1 7 AERI PRAL. BENLIE S S5

(continental-scale spatial filter)
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Tab. 7 Time series solutions for each analysis center

M4 SEIESR BER S REER BRE
NGL IGS14/NA12 GIPSY/OASIS-1I TR Final
cwu IGS14/NAMOS GIPSY/OASIS ZSEI Reprocessed
NMT IGS14/NAMO8 GAMIT/GLOBK AR B Final
PBO IGS14/NAMO8 CWUINMT A& %R ARHER Reprocessed

R 8 A RIS BOHLAITE 5 AR S SR T 75 2 BRI 8] e 310 45 SR L

Tab. 8 The time series results of organizations using different solving software are compared under their own solving strategies

kIR RENHEE TSR E REFHREE
ko2 i RILRERE i RIREER iF
/mma! /mma~t /mmat /mma~!
BILL_E WN+PL+RWN -35.550 0.617 WN+FN+RWN -35.970 0.118
BILL_N WN+PL+RWN 15.256 0.433 WN+PL+RWN 14.981 0.342
NMT I 7
BILL_U WN+PL+RWN -0.253 0.738 WN +PL -0.148 0.323
NGL NMT HmEzE
TABL_E WN+PL+RWN -30.153 0.307 WN+PL+RWN -30.196 0.248
2018/9/15
TABL_N WN+PL+RWN 8.341 0.495 WN+PL+RWN 8.192 0.292
TABL_U WN+PL+RWN 0.157 0.652 WN+PL+RWN 0.430 1.305
BILL_E WN+PL+RWN -35.503 0.133 WN+FN+RWN -35.641 0.155
BILL_N WN+PL+RWN 14.976 0.353 WN+PL+RWN 14.843 0.295
PBO It} )7
BILL_U WN+PL+RWN -0.555 0.338 PL -0.476 0.175
CWU PBO HmEzE
TABL_E WN+PL+RWN -30.224 0.307 WN+PL+RWN -30.591 0.328
2018/9/15
TABL_N WN+PL+RWN 8.329 0.349 WN+PL+RWN 7.771 0.347
TABL_U WN+PL+RWN -0.206 0.311 PL 0.362 0.155
N
3 &g
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