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Petrinja earthquake series 2020-2021

https://www.emsc-csem.org/



Petrinja earthquake on 29th December 2020
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Petrinja earthquake on 29thDecember 2020

https://www.youtube.com/watch?v=phbc5Lhnu30



Petrinja, 29thDecember 2020



Petrinja earthquake on 29thDecember 2020
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CROPOS:
• National permanent GNSS network of Croatia
• Established in 2008 (30 stations)
• ETRF00 (R05), e = 2008.83
• services: DSP, VPPS, GPPS



CROPOS:
• Network enlargement: 

(HR 30 + 3) + (SLO 7 + HU 6 + BiH 5 + MNE 2) = 51
• EPN: 5 stations
• modernization: 2019
• Trimble Alloy & 

Zephyr Geodetic 3 (TZGD)
• GPS  +  GLO  + GAL  + BSD



CROPOS:
• GPPS -

Geodetic
Precise
Positioning 
System

http://195.29.198.194/Map/Se
nsorMap.aspx
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Observation data set:
• SISA, BJEL, NOVS, 

NOVI, SLUN, KARL, 
ZAGR
• 23 – 27 December 

2020
• 28 & 29 December 

2020
• 30 December 2020 –

3 January 2021

• T02
• logging interval 15 s
• RINEX 3.04



Precise Point Positioning (PPP):

Kouba, J., Lahaye, F. & Tétreault, P. (2017): Precise Point Positioning, pp. 723-751, in Springer Handbook of 
Global Navigation Satellite Systems, Peter J.G. Teunissen, Oliver Montenbruck (Eds.), Springer International 
Publishing AG.

Kouba et al. (2017): „The PPP 
approach uses undifferenced, dual-
frequency, pseudorange and carrier-
phase observations along with 
precise satellite orbit and clock 
products, for standalone static or 
kinematic geodetic point positioning 
with centimeter precision.”

Lipatnikov, L.A. and Shevchuk, S.O. (2019): Cost Effective Precise 
Positioning with GNSS, FIG Report Commission 5, International 
Federation of Surveyors (FIG).



Precise Point 
Positioning (PPP):

• PPP is able to provide 
position solutions at cm-
level: accuracy 
performance can be even 
better, e.g., sub-
centimeter level, in post-
processing and in static 
mode

https://gssc.esa.int/navipedia/index.php/PPP_Fundamentals

Lipatnikov, L.A. and Shevchuk, S.O. (2019): Cost Effective Precise Positioning with GNSS, 
FIG Report Commission 5, International Federation of Surveyors (FIG).



PPP-PP services: CenterPoint RTX Post-Processing



PPP-PP services: 
CenterPoint RTX Post-
Processing

(Fi, La)  UTM 33 North  (E, N)



PPP-PP services: 
Canadian Spatial 
Reference System 
CSRS - PPP

https://webapp.csrs-scrs.nrcan-
rncan.gc.ca/



PPP-PP services: 
Canadian Spatial 
Reference System 
CSRS - PPP



Comparison of results (daily solutions): 23.12.2020. – 03.01.2021.  

Trimble RTX-PP       vs.        CSRS - PPP

Range E [m] Range N [m] Range el. H [m]

BJEL 0,001 0,002 0,008

KARL 0,002 0,002 0,008
NOVI 0,004 0,007 0,014

NOVS 0,002 0,003 0,009
SISA 0,010 0,005 0,008

SLUN 0,002 0,002 0,009
ZAGR 0,002 0,003 0,010



max σE [m] max σN [m] max σ(el. H) [m]

BJEL 0,003 0,003 0,008

KARL 0,003 0,003 0,008

NOVI 0,009 0,005 0,011

NOVS 0,003 0,003 0,008

SISA 0,014 0,007 0,020

SLUN 0,003 0,003 0,008

ZAGR 0,003 0,004 0,008

Comparison of results (daily solutions): 23.12.2020. – 03.01.2021.  

Trimble RTX-PP       vs.        CSRS - PPP



SISA: daily solutions (RTX-PP), 23.12.2020. – 03.01.2021. 

AVE (23.12. – 27.12.2020.

AVE (30.12. - 03.01.2021.



- 30 sec
- 11:19:54 – 11:20:44 UTC
- +30 sec

MAX dist: 11 12: 0.273 m
MAX dist: 11 14: 0.497 m

Kinematic motion M6.4

SISA, 29.12.2020.



SISA: daily solutions (RTX-PP), 23.12.2020. – 03.01.2021. 

2.5 cm

AVE (23.12. – 27.12.2020.

AVE (30.12. - 03.01.2021.



Estimated displacements (RTX-PP): 23.12.2020. – 03.01.2021. 

ΔE [m] ΔN [m] Δ ell. H [m] Planar displ. [m] Dist (epcn. – CORS) [km]

BJEL -0,003 0,004 -0,004 0,006 71

KARL -0,005 0,000 -0,005 0,005 54

NOVI 0,000 0,011 -0,001 0,011 43

NOVS 0,006 0,000 -0,007 0,006 59

SISA 0,050 -0,019 -0,025 0,053 14

SLUN -0,002 0,000 -0,004 0,002 62

ZAGR 0,002 -0,009 -0,006 0,009 48



Estimated displacements (RTX-PP): 
23.12.2020. – 03.01.2021. 



Conclusions:
• PPP-PP daily solutions have revealed (indicated) the 

presence of permanent displacements
• PPP-PP has provided an estimation of displacements

magnitude and direction
• all stations have shown a subsidence
• it is not possible to discern whether a permanent 

displacements come from a man-made building 
displacement or soil displacement. Or both.

• Scientific SW, e.g. Bernese
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