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Introduction

The objective of this study is to obtain horizontal and vertical velocity fields of the
continuously operating reference stations (CORS) in Latvia covering an eight-year time
period: years 2011-2018. The velocities of the Latvian CORS were previously obtained
for the period 2012-2017. Here both solutions are displayed.

The raw observation data have been collected from the Latvian CORS of two permanent
GNSS networks: LatPos (26 stations in 2018) and EUPOS’-Riga (5 stations). Bernese _
GNSS Software V5.2 was used in double-difference mode to obtain daily solutions. The | 55°Ns

60°N 60°N

55°N |-

final CODE precise orbits, Earth orientation and clock products, along with the CODE it .
final ionosphere product, were used for GNSS data processing. The dry Global Mapping o°OR% Joz
Function was used as the a priori troposphere model, while zenith path delay LSV
parameters were estimated using the wet Global Mapping Function; a cut-off elevation | *°™™ W \ >0°N wﬁ \
angle of 3° was selected. The positions of all stations were corrected for both solid oo T E—— N I
Earth tide and ocean tide loading. 8-9 IGS/EPN reference stations were used to 9 IGS/EPN stations used as fiducial stations 8 IGS/EPN stations used as fiducial stations
compute the coordinates of the Latvian CORS. in the reference frame IGb0S. in the reference frame 1GS14.
Daily coordinates are computed in IGb08 and IGS14 (since January 29, 2017). Obtained
daily solutions are transformed to ETRF2000, Up coordinates are expressed also in | | _. Velocities (mm/yr) Uncertainties (mm/yr) Offsets Seasonal |Unmodelled
tations|  Up North | East |\ | North| East | A/R | GLO | 1GS14 | U |signal (>Imm) signal
ITRF2008. ITRF2008| ETRF2000| ETRF2000| P 2 :
- - " - - ALUK | -0.07 | 0.09 -0.07 | 0.20 | 0.08 | 0.06 X X N
The honzont@al a.nd vert|§al velocme% of the (?Ially solutions were cF)mputed fc?r all LatPos Ay o016 T oo T o1 To23 ooe oos | x . -
and EUPOS -Riga stations applying Tsview software. Outlier detection, offset BAUS | 093 | -007 | -0.09 | 0.12| 006 | 0.07 | X X X
identification, trend, seasonal variation, and uncertainty estimation was performed 3232 82211 ‘g-gg ‘8-23 g-ﬁ 8-8§ 8-83 X X § X U
using it. The obtained velocity fields were compared to the models NKG_RFO3vel and DOB1 | 124 | -016 | 022 | 004 | 002 | 005 X
NKG2016LU_abs and the previous solution (2012-2017). CLENNE I O e X A
JEKI | 048 | -030 | -0.18 [0.20/| 007 | 0.05 X X
KLl | 190 | -1.12 | -025 |0.25] 0.06 | 0.09 X N U
uvB | 1.81 | -0.65 0.09 | 0.10 | 0.06 | 0.05 X N
. P | 1.74 0.09 -0.30 | 0.09 | 0.07 | 0.04 X
. 5 ‘ | LODE | 056 | -0.15 023 |015] 011 | 007 | X X X N
5 X 5 5 S — LVRD | 1.02 0.14 010 | 022 016 | 012 | X X X N E
,_ : : : : MADO | 131 | -038 | -0.65 | 0.10 | 0.05 | 0.05 X
BE i ume JVALL i
Gulf o Mosm AR | RUSSIA MAZS | 0838 | -2.24 032 | 011/ 027 | 0.07 X N U NEU
$ TaLs) Riga | 5 5 : OAR | 149 | -036 | -050 |020]| 016 | 021 | X X X N E
, IGU AOI:DE ABALV !
S s s B x IN S 57N b T PLSM | 146 | 048 | 032 [0.12] 005 | 006 | X X N
| ID LRD ADO | g S T PREI | 0.06 0.08 -0.38 | 0.20 | 0.08 | 0.07 X X X EU
LDl A\poB1 : ' = 1‘3ALP REZ1 | -0.38 -0.15 -0.29 | 0.21 | 0.08 | 0.04 X X N U N
LIPJ ! LATVIA AJEK1 REZ1 !
| ABaus - - ; SIGU | 151 | 005 | -024 [009] 004 | 004 X u
: : ! ek 5 Stb1 | 1.29 | -0.26 036 | 0.15 | 0.09 | 0.27 X X E E
TS V) PR e AN\ NS i e g TALS | 206 | -050 | -0.03 | 0.14 | 0.06 | 0.05 X X
km ' 11 — | LITHUANIA N km 11 i TKMS | 1.48 -0.23 0.10 0.13 | 0.06 | 0.09 X X N
100 § j B I L -, i ’ VALL | 144 | -021 | -032 |0.07 | 0.03 | 0.03 X
20°E 22°E 24°E 26°E 28°E 23°E 24°E 25°E KREI 1.01 -0.26 0.30 | 0.23 | 0.05 | 0.11 X X E
' ' ' ! LUNI | 084 | -059 | -005 | 015 0.06 | 0.14 X X E
, QESTON.A | SALP | 0.08 | -030 | -0.18 | 0.3 | 0.13 | 0.09 X X NE U N U
TS vl LD JON0 S SO ot b TN | VAIV | 016 | -0.11 019 | 024 008 | 0.13 X X E
| | ' Gulf of Riga | VANG | 093 | -0.16 032 | 018 | 0.06 | 0.13 X X u E
BalticSea  uge ; ; ’ RIGA | 0.50 -0.20 0.12 | 0.12 | 0.05 | 0.08 X X
E Gulf of: pLsm (ALK 1 TUEEA . . i . .
. TaLs\ Riga ! A \ | , Latvian CORS station velocities and their uncertainties (mm/yr) for Up, North and East
- BALV. ! ; . . .
S7oN b ) iw_& _____ NS S 4 S 3 L V] S S L N VANG ] components (2011-2018); offsets due to antenna or receiver change (A/R), introduction of
| i MADO ! . . . °
S Do{l 1 . : : oL GLONASS in 2015 (GLO), switch to 1GS14 in 2017 (IGS14), and other reasons (U); coordinate
LIP) " JffK ﬂREZl | /L components influenced by seasonal signals with amplitudes larger than 1 mm and coordinate
| . -— . jPRE' ok components with unmodelled signal left after detrending and removing seasonal signals.
s [ —— e e |
km . i\ LITHUANIA ' . km i . .
0], i 10.5 mm/yr | ! | BELARUS —— 5 10.5 mmj/yr Solution 2011-2018 Solution 2012-2017
: : : : 56.5°N ]
20°E 22°E 24°E 26°E 28°E 23°E 24°E 25°E NKG2016LU NKG2016LU
; : : , : NKG_RFO3vel ~ | NKG_RFO03vel =
EUPOS®-Riga (right) and LATPOS (left) CORS station vertical (top) and horizontal (bottom) ~ abs ~ abs
movements obtained from the daily solutions (2011-2018: red; 2012-2017: yellow); vertical and North | East Up North | East Up
horizontal velocities from NKG_RF03vel and NKG2016LU_abs models (blue). Mean | 030 | -0.14 0.17 032 | -0.19 0.14
STDV | 023 | 0.24 0.48 027 | 0.26 0.49
@ WRMS: 2.2|2mm NEMS: 2i22#'. 26‘I:-’n'jataI Rate: -0.32 +- 0.05 mm/yr ?atasalp_GPs N‘orth s7l%lur'|'1lberin 2734,A|f‘tersigma Iimitu;:ul 2761,RMSI 2.90 mm - : : D?talode_GPS Nlorth RMS 0.38 0.27 0.50 0.42 0-32 0'50

Mean, STDV and RMS of differences (mm/yr) between
estimated velocities of both (2011-2018 and 2012-2017)
T i aan ordlie i ot annE e ®* @@ an.oge solutions and the deformation models NKG_RFO3vel (North,
' ' ‘ [ e } | | | | | East) and NKG2016LU _abs (Up), station MAZS excluded.
w.. " F i " g

Data coverage of Latvian CORS.
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| _ Conclusions

B % e e 7 v Horizontal and vertical velocity fields of all CORS in Latvia were obtained for the
eight-year time period: 2011-2018 using Tsview software.

v" Solution reveals the effect of the Fennoscandian rebound in the territory of
Latvia. LatPos and EUPOS’-Riga station vertical velocity vectors have maximum
values in the north-western part of Latvia and minimum values in the south-

S duas B B Lot | e S sm St msars eastern part of the country.

B EE e Sac s I i i i v' The highest velocity differences in Up component between the obtained results

| and NKG2016LU abs model have been observed in the north-western part of

Latvia, as well as in the middle-eastern part of Latvia. The velocities of this

_ solution correspond well to the NKG2016LU abs model in the eastern part of

w2 el 2008, 278k e 0B c.f“ w7 B 0ol Latvia.

ol.'“ e T T T R | v" Several problems exist: too many offset breaks, human intervention, unmodelled

signals in time series.
v' Future work: better understanding of station site-specific effects and time series

Examples of Latvian CORS affected by various factors: SALP station affected by seasonality (top nglse ch.aracterlstlcts,(; r(:fproce(jsmg 2011_2014, usmdg b9th_ GPS Zl?d lGLON:‘SS]:
left); LODE station — break introduction (top right); LVRD — human intervention, installation of observations to avoid oftsets due to GLONASS introduction; extending length o

ventilation system near antenna in 2017 (bottom left); SLD1 — unmodelled signals after the time series — reprocessing of the earlier data: 2007-2010; testing other time
detrending and estimation of seasonal signal (bottom right). series analysis software.
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