Analysis of Non-Tidal Loading Deformation at VLBI Sites
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Introduction Results and Discussions
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VMF (Vienna Mapping Functions Data Server) NTAL ECMWF Figure 1. Time series of site displacement due to NTAL and due to all non-tidal loading in CM-frame at AGGO station. Site
IMLS (International Mass Loading Service) NTAL MERRA?2 displacement time series due to non-tidal loading from different services are consistent with one another except in case of
NTOL MPIOMO6 ESMGFZ. Site displacement in up direction is almost three times larger than site displacement in horizontal direction.
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Loading Models and Data Format

Figure 2. RMS values of difference of site displacement due to all non-tidal loading between IMLS and EOST (left) and

For each loading type, multiple models are available for deriving the between ESMGFZ and EOST (right). Large RMS values are mainly observed between 30°N to 65°N for UP direction. The RMS

Ioading products Models are selected for each Ioading type of different values between two services are maximum for HYDL component specially in case of ESMGFZ vs EOST (right) with mean
, , - , value of 6.7 mm and maximum RMS value of 18.5 mm for UP direction.

services based on data availability, data time steps, update frequency and

resolution. Data retrieved from different services are made compatible 1000 1000
with VMF data format for comparison in VieVs.

Methodology
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Identifying common stations among various loading services
considering the availability of data (163 ITRF VLBI Sites)
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Model selection for each loading type of different services and

extraction of 1 year (2020) data for CM-frame Figure 3. Percentage change in BLR before and after applying all non-tidal loading (left) and before and after applying NTAL
J'\"} loading only (right). Different services shows same BLR improvement when only NTAL is applied (78% of baseline
7 ~N improve/no change). However, after applying all non-tidal loading models, 71.83% of baselines improve or show no change

Direct Comparison — Site disp|acement time series of services, RMS of in case of EOST, 70.4% of baselines improve or show no change in case of IMLS, and only 48.59% of baselines improve or

difference of site displacement between two services show no change in case of GFZ.
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Indirect Comparison and influence of non-tidal loading on VLBI
analysis- BLR, Station Height Standard deviation, and Reduction of
variance coefficient comparison using VieVS
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Implications and Outlook

Standard deviation difference of station height (mm)

e Variation in site displacement time series, particularly for HYDL of I | | ‘ ‘ ‘ | | | ‘ | | ‘
ESMGFZ (Figure 1) could be attributed due to the utilization of distinct 0 1| B I
models with varying resolutions by different services. Additionally, the
separate treatment of SLEL in order to achieve global mass conservation
in the case of ESMGFZ may contribute to this discrepancy. Other N
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Higher RMS value evident in the comparison between GFZ and EOST
(Figure 2) can also be attributed due to the same underlying factors. Figure 4. Standard deviation difference of time series of station height before and after applying NTAL of different services.
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* Variation in improvement of BLR among different services (Figure 3) is

50

primarily due to HYDL and NTOL. BLR improvement is almost same , | o |
_ . . _ . 45 Figure 5. Histogram of distribution of Reduction of
among services when NTAL is only applied which represents consistency . / variance coefficient,
between ECMWF and MERRA2 data for non-tidal atmospheric loading. . p = (8o%+ai)
« e . . . . . _ 2 ’
e Standard deviation difference of time series of station height before and N - 20m
, , ] . ] | Where Ac“ is the change in variance before and after
after applying NTAL loading shows that estimation of station 2 applying loading models and 62 is the variance of the
coordinates improves upon application of loading models (Figure 4). 20 \ signal in the model and is determined through simulation
Also, results from different services are consistent with each other. 15 within the VieVS framework. A perfect model would yield
, , , o an R value of 1. Negative R values indicate a deterioration
* The presence of large R values (R > 1) in all services (Figure 5) currently in results after applying the non-tidal loading model
lacks an explanation. In order to enhance our understanding of this i ,\\//” ST = e while R values greater than 1 suggest that the
phenomenon, we will incorporate a broader range of data spanning s 7 6 s a3 21001 23 455678 s wuunnuiss IMProvement exceeds expectations. The weighted mean
_ , , , R value of Ris approximately 3 for all the four services.
approximately 20 years. We expect that this extended timeframe will e o
provide valuable insights and contribute to a more comprehensive
dNnd Iys 1S. References
* Petrov, L. and Boy, J.P, 2004. Study of the atmospheric pressure loading signal in very long baseline interferometry observations. Journal of
Acknowledgement geophysical research: solid earth, 109(B3).
. * B6éhm, J. and Schuh, H. eds., 2013. Atmospheric effects in space geodesy (Vol. 5). Berlin: Springer.
We are thankful to Higher Geodesy team at TU, Wien for their valuable guidance and for giving access to VieVS for  Glomsda, M., Blofsfeld, M., Seitz, M., Angermann, D. and Seitz, F., 2022. Comparison of non-tidal loading data for application in a secular terrestrial
implementation of non-tidal loading models. Special thanks are extended to Robert Dill and Leonid Petrov for their reference frame. Earth, Planets and Space, 74(1), p.87.
assistance in extracting loading data from ESMGFZ and IMLS service. This research work is jointly supported by the e Bohm, J., Bohm, S., Boisits, J., Girdiuk, A., Gruber, J., Hellerschmied, A., Krasna, H., Landskron, D., Madzak, M., Mayer, D., McCallum, J., McCallum, L.,
Austrian Agency for International Cooperation in Education and Research (OeAD-GmbH) and the National Centre for Schartner, M., Teke, K., Vienna VLBI and Satellite Software (VieVS) for Geodesy and Astrometry, Publications of the Astronomical Society of the
Geodesy (NCG), India. Pacific, Vol. 130(986), 044503, 2018. http://iopscience.iop.org/article/10.1088/1538-3873/aaa22b.

EVGA 2023




	Slide 1

