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Motivation

O Mass transport within Earth’s fluid envelope affects ERPs:

M angular momentum exchanges with the solid Earth

J cm-level station displacements
1 Non-tidal loading induces systematic/random errors in space geodetic products
O dUT1 from intensives more sensitive to poor modelling

in this presentation

O Assess impact of non-tidal loading on IVS+QUASAR Intensives
 Simulated observations
 Real observations
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Modelling geophysical loading displacements
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Calculation of geophysical loading deformations

d Assumptions: elastic and instantaneous response
d Patched Green’s function approach (Dill and Dobslaw, 2013; Dill et al., 2018):

dr (P 1) = f j 5P, )G (P) cos(¢’) d'dg’
d, (7, t) = jf # 7)SP(, )G, (W) cos(@) d'dg’

dg/d,: radial/lateral displacement at 7, 8P: mass anomaly at 7' (¢’, "), Gr /G : radial/lateral Green’s function,
Y: spherical distance between 7 and 7/, §: unit vector from station to point load

1 Loading displacements by GFZ Potsdam, Earth System Modelling, forced by
ECMWEF’s high-resolution model (9 km):

O Analysis (latency one day)

O Forecasts (up to 6 days ahead) @

ftp://esmdata.gfz-potsdam.de/LOADING

Geophysical Fluid Loading

IERS GGFC Product
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Empirical Geophysical Loading Model

[ Seasonal fit (5-yr, annual and overtones)
1 40 years of GFZ loading models (Dill and Dobslaw, 2013)

atmospheric S, amplitude oceanic S, amplitude
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Intensive VLBI sessions
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IVS and Quasar Intensives

180°W

d 93% single-baseline
d 6% baseline-triplet
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IVS and Quasar Intensives (cont’d)
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Analysis of simulated VLBI data
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dUT1 differences

O If GFZ loading and no noise is simulated,

no_loading - truth ‘0 EGLM - truth
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Analysis of real VLBI data
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VLBI data analysis

O In addition to what is usually done. . . .
O VieVS@GFZ Kalman filter + RTS smoother (Nilsson et al., 2015; Soja, 2016)
(J Homogenized meteorological data (Balidakis et al., 2018)

 Potsdam Mapping Functions with non-linear gradients (Zus et al., 2015;
Balidakis et al., 2018)
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Assessment of GFZ loading models and EGLM

d Reduced S, amplitudes at 80% (75%) of the VLBI and GNSS stations
1 Reduced baseline length repeatability at 80% (78%) of baselines
more details soon in Balidakis et al., 2019; Mannel et al., 2019
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dUT1 differences
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dUT1 differences (cont’d)

d GFZ minus no_load
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EOP differences from Non-intensives

S, amplitude m
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Correlation between dUT1 and clock

Non-intensives Intensives

-100 -76 50 256 0 25 50 75 100 -100 -756 50 26 0O 25 50 75 100
p(dUT1 ,clock) p(dUT1 ,clock)

O INT: Nearly-constant baseline distortion during 60’ -> absorbed by baseline clock
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GNSS data analysis

1 GFZ in-house EPOS.P8 GNSS software (orbits and station coordinates estimated)
results soon by Mannel et al., 2019
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Recapitulation

[ Neglected non-tidal loading affects EOPs
 Systematic differences (S, amplitude):
O dUT1: 0.5 pusec
O Polar motion: 5 pas
O CPO: 1 pas
[ For the state-of-the-art VLBI system
1 non-tidal loading DOES NOT affect EOPs statistically significantly
1 Non-tidal loading introduces systematics not acceptable for VGOS standards
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Thank youl!

contact
kyriakos.balidakis@gfz-potsdam.de

~ ECMWF
o Acknowledgements ‘T a0l

ECMWF for making available the ERA Interim and ERAS reanalysis datasets
£ ADVANTAGE
Geo dx IGS and IVS+IAA for the GNSS and VLBI data resp. |( S INTERNATIONAL
L/ ADVANTAGE for financial support GMNS55 SERVICE
This contribution was financially supported by Geo.X, the Research Network for Geosciences in Berlin and Potsdam (SO_087_GeoX)

Technische "E HELMHOLTZ
Helmholtz-Zentrum Universitat 21 SPITZENFORSCHUNG FUR

PoTrTspAm Berlin

GROSSE HERAUSFORDERUNGEN



Selected references

a Balidakis, K., H. Dobslaw, S. Glaser, R. Dill, T. Nilsson, B. Mannel, and H. Schuh (2019) Impact of Non-Tidal Loading on dUT1 Estimates from VLBI
Intensive Sessions, ). Geod. (to be submitted)

a Balidakis, K., Nilsson, T., Zus, F., Glaser, S., Heinkelmann, R., Deng, Z., & Schuh, H. (2018) Estimating integrated water vapor trends from VLBI, GPS,
and numerical weather models: Sensitivity to tropospheric parameterization. ). Geophys. Res. Atmospheres, doi: 10.1029/2017JD028049

a Boehm, J., R. Heinkelmann, P.J. Mendes Cerveira, A. Pany, and H. Schuh (2009) Atmospheric loading corrections at the observation level in VLBI
analysis, ). Geod., doi: 10.1007/s00190-009-0329-y

a Dill, R. and H. Dobslaw (2013) Numerical simulations of global-scale high-resolution hydrological crustal deformations, J. Geophys. Res. Solid Earth,
doi: 10.1002/jgrb.50353

a Dill, R., V. Klemann, and H. Dobslaw (2018) Relocation of river storage from global hydrological models to georeferenced river channels for
improved load-induced surface displacements, ). Geophys. Res. Solid Earth, doi: 10.1029/2018JB016141

O Eriksson, D. and D.S. MacMillan (2014) Continental hydrology loading observed by VLBI measurements, ). Geod., doi: 10.1007/s00190-014-0713-0

O Krasna, H., Z. Malkin, and J. B6hm (2015) Non-linear VLBI station motions and their impact on the celestial reference frame and Earth orientation
parameters, ). Geod., doi: 10.1007/s00190-015-0830-4

U Mannel, B., H. Dobslaw, R. Dill, S. Glaser, K. Balidakis, M. Thomas, and H. Schuh (2019) The impact of atmospheric and hydrospheric surface loading
deformation on global station networks, ). Geod. (submitted)

O Petrov, L. and J.-P. Boy (2004) Study of the atmospheric pressure loading signal in very long baseline interferometry observations, ). Geophys. Res.,
doi: 10.1029/2003JB002500

a Soja, B. (2016) Anwendung eines Kalman-Filters in der Auswertung von VLBI-Daten, PhD Thesis, TU Vienna

O Zus, F., G. Dick, J. Dousa, and J. Wickert (2015) Systematic errors of mapping functions which are based on the VMF1 concept, GPS Solut., doi:
10.1007/s10291-014-0386-4

FZ
G _ Technische ' E H E L M H 0 LTZ
Helmholtz-Zentrum  Universitdt 29

PoTrTspAm Berlin



