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1. Introduction

Since 2009 the main geodetic activities at the wmew oo
national level in Poland concentrated on 11 i ‘ L |
maintenance of gravity control, gravity survey for & ! e &
geodynamic research, continuing operational work "} T T | JT il
of permanent IGS/EPN GNSS stations, GNSS data | I [
processing on the regular basis at the WUT and ‘ - !
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MUT Local Analysis Centres, activity within the 200 o

EUREF-IP Project, works towards monitoring Fig. 2. Results of absolute gravity measurements iL0-
troposphere, monitoring and modelling ionosphere,020 at Borowa Gora

status of the ASG-EUPOS network in Poland, the

use of data from satellite gravity missions, agfivi  The absolute gravimeter A10-020 has further
within Galileo project, monitoring of Earth tides peen successfully tested for field measurements
and non-tidal gravity variations, activity in sditel  yjth the use of the mobile laboratory for precise
laser ranging and in geodynamics. absolute gravity survey. 40 stations of the Finnish
gravity network were surveyed in 2010 with the

2. M_amtenance of gravity C.0mr0| and A10-020 gravimeter (Fig. 3) (Mé&kinen et al., 2010a,
gravity survey for geodynamic research 2010, 2010¢)

Quasi-permanent absolute measurements of gravity

have been carried out with the use of FG5-230
gravimeter in the Astrogeodetic Observatory in 6o
Jozefoslaw of the Warsaw University of
Technology (WUT) since 2005 (Barlik et al., 2010)

(Fig. 1).
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Since September 2008 the Institute of Geodesyrig. 3. Stations of the Finnish Gravity Control etk re-
and Cartography (IGiK) uses its absolute ballistic surveyed with the A10-020 in 2009 and 2010
A10-020 portable gravimeter. A series of absolute
gravity measurements at the gravimetric laboratory
of the Borowa Gora Geodetic-Geophysical
Observatory (Fig. 2) shows high quality of Al10
data. It also indicates its potentiality for momiig
non-tidal gravity variations (Kmski and $Skowski,
2010; skowski and Krynski, 2010).

Precise absolute gravity measurements with the
FG5-230 of WUT carried out for geodynamics
research since 1990 at five stations in Poland were
further analysed. Information on soil moistureseéhav
been included into the analysis. The results obthin



indicate the decrease of gravity at each station. A

rate of gravity change can be interpreted in tevis \X/ [

hydrological effects and probably, up to certain / \\/ - { /p
extent, in terms of vertical displacements of gravi / [ e
stations. Obtained results in comparison with | A r .\.,
previous determinations indicate the decrease of ~/_ ;

gravity for about 15uGal during 1612 years QR
(Krynski and Rogowski, 2010; Walo, 2010). ;

3. Participation in IGS/EPN permanent R 1,', ——
GNSS networks /

3.1. Operational work of permanent
IGS/EPN stations

2011 A 26 031015 i i g omabel

Fig. 5. EPN stations providing data processed atTwWU
FUREF LAC (April 2011)

Permanent IGS and EPN GNSS stations operate i
Poland since 1993. Recently 18 permanent GNSS
stations (Fig. 4) operate in Poland within the 33 pata processing at MUT LAC
EUREF program. - ) ) .

The stations BOGI, BOR1, JOZE, JOZ2, LAMA The Military University of Technology in Warsaw
and WROC operate also within the IGS network (MUT) LAC Analysis Centre operates since Dec.

(http://www.epncb.oma.be/_trackingnetwork/station 2009. The GNSS data from 114 EPN stations
s.php). distributed evenly in Europe (Fig. 6) are processed

in the Centre starting from 1560 GPS week.
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Fig. 6. EPN stations providing data processed atTMU
EUREF LAC (April 2011)
Fig. 4. EPN/IGS permanent GNSS stations in Poland)

. Every week the solutions are delivered to the
3.2. Data processing at WUT LAC RDC BKG, where together with the respective ones

The WUT EPN Local Analysis Centre operates fro.m. other LACs they are qsed to produ.ce final
since 1996. Data from 80 EPN stations are©fficial weekly EPN solutions (Krynski and
processed at WUT LAC (Dec. 2010) located mainly Rogowski, 2010).
in Central Europe (Fig. 5). It contributes to EUREF 3 4 Reprocessing of EPN data
with weekly and daily solutions based on IGS final
products, and with rapid daily coordinate solution The team of WUT as well as the team of MUT
based on IGS rapid products since Dec. 2009. Th@articipate in the EPN Reprocessing Project
official submission of WUT rapid daily solutions to (http://epn-repro.bek.badw.de/) that is anothemfor
EPN started in early January 2010 (Krynski andof processing the archive GNSS data using the
Rogowski, 2010). newest computing strategies, products and models.
The WUT LAC uses the Bernese Software v5.0The main purpose of the project is to obtain
to analyse GPS observations. Data are processdimogenous time series of sites' coordinates and to
according to EPN AC guidelines. All WUT provide the realization of the ETRS89 using
products are available at the EPN RDC at BKGcumulative weekly solutions obtained with the
(ftp://igs.bkg.bund.de/EUREF/produkts Six new  highest possible accuracy. The results of the
stations were added to the network in 2010. reprocessing in the form of daily and weekly




coordinates time series give a comprehensive set of
data for a variety of geodetic, geodynamic and Ceon
geophysical analyses. .
The test reprocessing of the whole EPN data was
done simultaneously by MUT and by the Royal H
Observatory of Belgium (where global IGS stations ;

were considered). The results of the tests gaee ris 70" % % % % ™ % % s % e 7 % ™ % % % % %
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to a new strategy for official EPN reprocessing, Fig. 8. ZTD weekly mean  absolute differences: EUR
which is under preparation (Krynski, 2011). combined product — product of individual LAC fol &PN

stations processed
3.5. Activity within the EUREF-IP Project

The following EPN stations: Borowa Gora (BOGI), Two techniques of independent direct

Borowiec (BOR1), Jozefoslaw (JOZ2, JOZ3), measurements of IPW, ie. CIMEL - 318

Cracow (KRAW, KRA1), Lamkowko (LAM5), and sunphotometer at the Central Geophysical
Wroclaw (WROC) as well as a number of other Observatory PAS in Belsk and radiosounding data
Polish GNSS stations take part in the EUREF-IPfrom Legionowo were compared to verify GPS

(http://'www.epncb.oma.be/_organisation/projects/e tropospheric solutions for two GPS stations BOGO
uref_IP/index.php) project (Fig. 7). BOGI, BOR1 and JOZE (Kruczyk et al.,, 2010)Results of

and JOZ2 participated also in IGS IP project. radiosoundings can be problematic due to various
technical shortages, e.g. sparse RAOB network,
GDAN accuracy of hum|d|ty sensor, various heights
. ® ELBL attained by sounding systems, etc. Thus
UDOR .LAMA sunphotometer seems more genuine source of IPW
@S2CZ zR oLe0L o (Kruczyk, 2010).
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representing diversity of European climates
Fig. 7. Polish GNSS stations participating in EURBEF
project
The most recent investigations at the Wroclaw
3.6. Other EPN and IGS activities University of Environmental and Life Sciences
(WUELS) in the field of GNSS meteorology were
directed into Near Real-Time application of the

One of main objectives of WUT LAC is a standard tomographic model (Bosy et al., 2010). The GNSS
ZTD estimation (Fig. 8), monitoring of the results tomography method will be used to create models
and research on Integrated Precipitable Wate©f Water vapour NRT 4DWVD and meteorological
(IPW) time series (Fig. 9). Both, IPW — derived parameters: temperature an_d pressure NRT 4DTPD
from GPS tropospheric solutions as geophysicalln atmosphere. Meteorological observations from
data — and ZTD itself derived from WUT LAC ASG-EUPOS (www.asgeupos.pl) and IMGW
solutions and EPN combination are investigated. ASynoptic  stations after mutual validation and
dramatic decrease of ZTD differences betweenintégration procedure will be used for Slant Wet
individual LAC solutions in 2007 (solutions after Delay computation. The above meteorological
GPS week 1400 showing best conformity sinceObservations, radiosoundings _observat|0ns and
2003) (Fig. 8) was observed. Results from 2005, NWP COAMPS model outputs will also be used for
when a new Bernese software v.5.0 was introducedVerification of GNSS tomography model. The NRT
show greater discrepancies in some LACs only. Thedtmosphere model created from meteorological and
excellent conformity starting from the GPS week GNSS data, could be competitive to NWP model,
1400 is most probably due to a cumulative effect oféSpecially for nowcasting. The improvement in
using almost exclusively the Bernese v.5.0, absolut Positioning is that tropospheric delays will be
antenna PCVs and a new reference frameCalculated directly from observations, not like now
ITRF2005/IGS05 (Kruczyk et al., 2010). from deterministic models (Bosy et al., 2010).

GNSS for meteorology



Monitoring ionosphere and ionospheric models Sr(;ZbI?:%S.), and 6 from Slovakia (SKPOSig. 10,
The Geodynamic Research Laboratory (GRL) of The ASG-EUPOS network provides a signal for
the University of Warmia and Mazury (UWM) in both positioning of geodetic control points as well
Olsztyn in collaboration with West Department of as for land, air and marine navigation. Several
the Institute of Geomagnetism, lonosphere andlevels of positioning accuracy are offered. Staddar
Radio-Wave Propagation of RAS in Kaliningrad services, as required by the general EUPOS
continues the analysis of long time series of GNSSassumptions including the following sub-services:
data from EPN stations to study the ionosphere. ANAVGIS (network RTK for real time kinematic
new mechanism for explaining unusual wave-like DGNSS applications), NAV-GEO (network RTK
disturbances of a period of 4-6h with amplitudesfor precise real time kinematic DGNSS
increasing from high to low latitudes, observed applications), POSGEO DGNSS for precise
frequently in TEC observations was proposed DGNSS post processing applications are offered
(Shagimuratov et al., 2010). The phase of theThe ASG-EUPOS network will define the ETRS89
perturbations is weakly depended on latitude, so inin Poland. A close connection of the ASG-EUPOS
observations they can be detected as a standingtations and 15 out of 18 Polish EPN stations will
wave. The unusual structures can be explained bgontrol the realization of the ETRS89 on the Polish
ionospheric effects of Poincare wave. Planetaryterritory (Krynski, 2010).

Poincare waves propagate along longitudes
westward and eastward and can generate standin~ 5 o e u

waves with corresponding scales. The preliminary
calculations show that spatial and temporal feature / ,
of the observed TEC disturbances can be T T T
qualitatively explained by standing Poincare waves. g "o e ) | g 1

The IGS lonosphere Combination Centre located G e AR Yo
at GRL/UWM operates successfully since January o phe e Lo °
2008. It computes and provides official IGS g & o et """
combined products. Latency of the final and rapid . | 8| o
GIMs is 10 days and 1 day, respectively. ™ | " ‘g‘zmo b N

T e B T I T

4. Status of the ASG-EUPOS network B o ey g | 5|

The ASG-EUPOS network, established —for [o et = Lop ti % St i
designed for surveying practice, fully operate€asin iy
2008 (Krynski and Rogowski, 2010). The network, | pmet |, .
is based on 98 reference stations located on the ‘ ‘ ‘
Polish territory and 22 foreign stations located in Fig 10. Reference stations of the ASG-EUPOS system
neighbouring countries from Lithuania (LITPOS), 6  ( WWW.85geupos.p

from Germany (SAPOS), 7 from Czech Republic

Table 1. GNSS equipment on the ASG-EUPOS referstatens

Number of stations Receiver Antenna
72 Trimble NetR5 Trimble Zephyr Geodetic w/RadomRM41249.00 TZGP
12 Ashtechiz-12 Ashtech L1/L2 Choke Ring SNOWASH701945C M SNOW

- D/M element, REV.C, chokering with radome NGS)
Trimble Zephyr GNSS Geodetic Il w/Radome

8 Trimble NetRS (TRM55971.00 TZGD

4 Leica GRX1200GGPro tgllc; L1/L2 Choke Ring, using DM-T styleEIAT504GG
Ashtech L1/L2 Choke Ring SNOWASH701945C M SNOW

1 Javad TRE_G3T DELTA - D/M element, REV.C, chokering with radome NGS)

1 Trimble NetRS Dorne Margolin T Choke RilgdAD/M T NONE

At 14 Polish EPN stations the new uniform  Since April 2009 MUT processes the archive
meteorological infrastructure Paroscientic, Inc. data from the ASG-EUPOS stations to evaluate the
META4A sensors were installed. most reliable coordinates on those stations and to



estimate sites’ activity (Figurski et al., 2010&). 8. Activity in Satellite Laser Ranging

particular, the stability of the ASG-EUPQOS stations o )
was investigated (Figurski et al., 2010b). The SLR station in Astrogeodynamic Observatory

of the SRC PAS at Borowiec (ILRS 7811) during
5. The use of data from satellite gravity 20072010 acquired and delivered almost 600 000
missions observed raw points tracking 1476 successful
, passes of 27 satellites in the framework of ILR8 an
Geopotenual models Qeveloped fro.m GRACE datag yroLAS Consortium. Average single shot RMS,
at different computation centres, i.e. CSR, GFZ, hqrmal points RMS and orbital analysis provided by
JPL, GRGS were analysed at IGIK in terms of _the'rAnaIysis Centres that reflect the quality of SLRada
best suitability for the determination of time provided by Borowiec SLR station, equal to 25 mm,
variations of the gravity field. The effect of &ling 3 mm, and 15 mm, respectively. The results of
method on the calculated results was investigatedgpservations are available at EUROLAS Data
Also the usefulness of the available hydrological cgnter (www.dgfi.badw-muenchen.defedc/) and
models was a_malysed. The. mo_st suitable time serieg,stal Dynamics Data Information System NASA
of geopotential models, filtering method for the (hiih-//cddis.nasa.gov/sir_datasum.html). The data
determination of time variations of ge0|q heights of the Borowiec SLR station supported research
over Europe as well as the hydrological data,rograms and was used for orbit calculations and
appropriate for comparing with GRACE models he “determination of geodynamic parameters by
were indicated (Szelachowska et al., 2010). many institutions and international organizations

6. Activities in Galileo project (Krynski and Rogowski, 2010; Krynski, 2011).

At the Astrogeodynamic Observatory (AOS) of the 9- Geodynamics
SRC PAS in Borowiec the realization of Harrison nionitoring of active tectonic structures of Sudeten
Project @ Framework Program) on application of \1oyntains and Fore-Sudetic Block were continued
Galileo for precise time gnd fr_equency, as well aShy the team of the WUELS with partners. The
legal applications of Galileo Time was completed hropapilistic  thresholds  defining  reliable — site
(Nawrocki and Nogas, 2010). movements brought an important recommendation
7. Earth tides monitoring for the GPS practice. It is evident,_ if any GPS
measurements are planned on regional networks
Earth tides are monitored in the Astrogeodeticaimed to geodynamic studies then the whole period
Observatory of WUT in Jozefoslaw using LCR ET- of the measurements should not be shorter than six
26 gravimeter since January 206&search on the years (Schenk et al, 2010). Results of epoch
application of wavelet transform for the analysis satellte GPS and gravimetric measurements
tidal record was conducted. Analysis of the 3-yearperformed on the geodynamic network in central
data record indicated the usefulness of the methogbart of the Stolowe Mts. between 1993 and 2009
for investigating frequencies and calculating the were presented (Cacon et al., 2010). They show
amplitude, but the determination of the phase shiftsignificant changes of gravity on most of the pgint
is impossible which is its serious limitation and significant horizontal movement of one point in
(Araszkiewicz and Bogusz, 2010). the central part of the area. The results confirm
Monitoring of the horizontal components of the present day activity of the zone where faults
tidal signal with the use of the system of two long Policky, Belsky and Czerwona Woda Fault Zone
water-tube tiltmeters at the Geodynamic Laboratoryexist. In addition, they correspond with the stsdie
of the SRC PAS in Ksiaz in Sudeten Mountains wasof seismic activity in this part of the Sudeten Mts
continued.In 2007 the laboratory equipment was  Geodynamic investigations were continued in the
extended by the LCR G-648 gravimeter of tidal Pieniny Klippen Belt by WUT using geodetic
resolution for future investigation of Love's methods. The results of levelling, gravimetric and
numbersh andk for Sudeten area. The LCR G-648 distance measurements as well as GPS and absolute
gravimeter operates in the underground chambegravity measurements revealed vertical and
equipped with the pillar for at which absolute horizontal movements of the crust and periodic
gravity was three times measured with the FG5gravity changes. Periodic vertical movements of
gravimeter. The measurements with LCR were used.5-1.5 mm/year are correlated with the interaction
for reduction of absolute gravity measurementsbetween the geological structures of the Magura
(Kaczorowski and Olszak, 2010). Nappe and the Podhale Flysh. The direction and
After certain break Earth tides are continued tovelocity of the horizontal movements have changed
be monitored at the Borowa Gora Observatory ofin irregular manner, reaching maximum of 10 mm
IGIK with the LCR G gravimeter equipped with the over 17 years (Pachuta et al., 2010).
modern feedback (Krynski, 2011). The MUT processes the data and analyses
solutions to ensure additional control and
monitoring of the ASG-EUPOS system (Figurski et



al., 2010b). The research on the application of
GNSS solutions within short observational periods
to geodynamic investigations was conducted in
MUT (Araszkiewicz et al., 2010). Data collected at

Florence, Italy, 27-29 May 2008, EUREF Publ.No 19,
Mitteilungen des BKG, Frankfurt am Main (in print).

Kruczyk M., Liwosz T. Rogowski J., (2010} rropospheric

delay for EPN stations in Poland — verification\@rious
aerological dataPolish J. of Env. St., 2010 (in print).

the ASG-EUPOS system’s sites may also containkrynski J., (ed.) (2011)Polish National Report on Geodesy

information about the local dynamics. Basing on

2007-2010 XXV IUGG, Melbourne, Australia (134 pp).

GPS data, MUT conducts geodynamical researctKrynski J., Rogowski J.B., (2010)National Report of

using the time and
(Figurski et al., 2010c).

time-frequency analyses

Poland to EUREF 20108ymp. o the IAG Subcomm. for
Europe (EUREF) held in Gavle, Sweden, 2-5 June 2010
EUREF Publ. No 20, Mitteilungen des BKG, Frankfurt

Study of the second degree Love and Shida 5y Main (in print).
numbersh, andl, was conducted using SLR data Krynski J., Sekowski M., (2010Burveying with the A10-20
from the LAGEOS 1, LAGEOS 2 and STELLA Absolute Gravimeter for Geodesy and Geodynamics —
satellites observed during 2 years 2005-2006 by 17 f2ir7$t3gesults Reports on Geodesy, No 1(88), WUT, pp.
globally distributed ground stations (Rutkowska and ©'">> . L .
Jagoda, 2010). SLR data for satellite passes abovMakInen J. Bkowski M., Kryiski J., Ruotsalainen H.,

) - . € Bilker-Koivula M., (2010a): Remeasurement of the
stations were compressed to normal points which  Finnish First Order Gravity Net with the A10-020

further were processed in 30-day arcs for LAGEOS
1 and LAGEOS 2, and 7-day arcs for STELLA.
using the GEODYN Il software.

gravimeter and revision of the national gravity .neirst
experiences 200NKG WG-Geoid Symp., 10-11 Mar.
2010, Helsinki, Finland.

Mékinen J., $kowski M., Krynski J., Ruotsalainen H.,
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