@ cSa TALbE

© DIANSII2024
The copyright in this document is vested in DIZYIN
Thisdocumentmay only be reproducedin whole or in part, or storedin a retrieval system,or transmitted in any form, or by any

meanselectronic,mechanicalphotocopyingor otherwise,either with the prior permissionof DIANSrlor in accordancewith the
terms of ESAContractNo. 400013352920/NL/GP

© DIANSrlI2024

© DIANSTrI2024



Cesa FinalPresentation T/LDE

NAVISP EL1-047 Final Presentation:
"An Innovative concept for the Risk Assessment of Geologic Hazards using GNSS and Solid
Earth Ti deshi

Tidallnterplate Lithospheric Deformation of Eartl 1/ pe

ll;lll I“-H.;I L”I L::E(I.Z ATERRA
A N SAPIENZA
LUNIVERSITA D ROMA
lifferential interferometric analysis _ _
Francesco Vespe Carlo Doglioni
Jan Dousa . o . .
G|Ovann| N|CO G|an|uca SO'[’[I|I
JacubNosek . : .
. Olimpia Masci Eleonora Ficini
Pavel Vaclavovic

Davide Zaccagnino

© DIANSrI2024
The copyright in this document is vested in DN

Thisdocumentmayonly be reproducedin whole or in part, or storedin aretrieval system,or transmittedin anyform, or by anymeanselectronic,mechanical,
photocopyingor otherwise,either with the prior permissionof DIANSrlor in accordancewith the termsof ESAContractNo. 400013352920/NL/GP

— I'ﬁ|i‘_-\s;||e.n NTO
T I | (e 7" e

- Tidal Interplate LithospheridDeformationof Earth(TILDE)

Qg ADIENZA May 1, 2024 © DIANSTI2024

fifferential interferometric analysis



Eesa Agenda of the Meeting v/\LoE

BriefIntroduction (Francesco)

GNSS PPP data processimngtegies(JD)

Data filtering and LSEBEtimation(FV)

LSET vs GSgdodeticcomparison( JD)

Scripts topreparetectonic& EQ dataset (GN)
Geophysicframework: Tectonics& Tides(CD)
Results of LSET foectonicqFV)
Seismicityframework (CD)
Geophysicsramework:Earthquake# Tides (CD);
Results of LSETEarthquake#iazard (FV);

. Volcanoes framework & Results (GN, FV);

. ConclusionsRecommendationand PerspectivegFV,All);
13. FinalDiscussiorfAll)

ORGSO HOT Ea = RIDEE

e
N P O

& SAPIENZA © DIANSI2024



esa Obijectiveof TILDE T/LoE

1. Opportunity to estimatecoordinates
of GNSS bysingPPPabsolute
approach; ¥

2. Investigatef it can bedefineda Local
behaviour of SEWhichdependon
position over Earth. Igeodesyis
currentlyappliedlER&010 SET
global model;

3. Understandf thereisacorrelation
betweenLSET andlectonics
SeismicityandVolcanic
activitiedhazards

Tidal Interplate LithospheridDeformationof Earth(TILDE) May 1, 2024
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eesa GNSS processing design & scenarios T/LDE

AGNSS processing preparation
A Network & siteselection, data & metadata download, quality control
A Testing and optimizing the processing strategy
A Testing and comparingotential precise products

AGNSS processiraesign (initial testing)

A Checking coordinates residuasdrepeatability
A Specific processing variar(@ib-daily\weekly solutiong
A Defining exchange formadata filtering

AGNSS processingsults (Btand 29 run)

A Longterm global vs. higiesolution regional production
A Specific variants for the solid earth tide modelling
A Evaluation of the results

@ srrena © DIANSI2024



esa Site selection, data/metadata collection T/LDE

A Station selectionglobal data, hazard area, sugsites, longtime series,

A Data centersiGS UNAVCEURERING, GEONET (NZ3CISOPAC
A Metadata;site-log files

A Data:RINEX 2 (GPS+GLO) + RINEX 3 (+ Galileo)
A Period:as long as possible (optimally 262020)

NRIL
FAIR REYWFN ®
TSER  WHIT CHUR FJ& METS
sy L L ] ° ONSA_. '@ ARTU
& ® ® .s
TZR
HOLB%ALEIH e ZI&“&GOPE z USE o PET P
Ay
L TG ANKED 1l
PW20 ° GENO Bt o ey S nc® SUWN |,s@D
[
R:,?CCCC LPAL NOT1 - ® LHAS WukN %EA .
® DRAG ®
M‘E,?ADN HYDE
MAUI .y PIMO
®
KOUR
® NKLG
®
Bmo
x. DARW
[ ]
Kouc
ALIC ®
[ ]
SANT
® LP.GS
WPUK
% mcnVGMo
WGTN
CAS1
®
£ SAPIENZA
WS  UnNIVERSITA DI ROMA




{esa GNSS data quality control (QC) 7/\LoE

A Software:G-Nut/Anubis Pro 3

A Processing all collected RINEX v2 and v3 for quantitative, qualitative and complex control

A Visualizing key parameters for minimalistic plots (to easy erhsesk with PPP solutions)
A # GNSS, Data length, Have/Exp observations (0deg/15deg), minimum elevation angle

A Collecting key info on sites, evolution of data (observation/system availability, data quality, quantity)

GOPE: QC indicators MinEle » #GNSS #Hours » %Ratio + %URatio ~ GOPE: QC indicators MinEle «  #GNSS #Hours »  %Ratio * %URatio
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{eesa GNSS data QQypical plots T/\LDE

WGTN: QC indicators MinEle ~  # GNSS #Hours =« % Ratio %URatio = ZIM2: QC indicators MinEle = #GNSS #Hours x % Ratio %URatio
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{eesa GNSS data Qproblematic examples

T/\LDE

PIMO: QC indicators MinEle # GNSS #Hours * % Ratio %URatio MKEA: QC indicators MinEle # GNSS #Hours * % Ratio %URatio =
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€esa Processing desigrscopes & goals

SUPERSITE soluti@as long as possible)

few selected stations (or duatations)
C Essential for strategy testing and validation

GLOBAL solutio(0002020, or as long as possible)

as many as possible stations (optimally all)
basic solution variants (GPS+GLONASS all the time, +Galileo)
C Essential for generating lortgrm homogeneous coordinate timgeries worldwide

REGIONAL solutiof20152020, or longer if possible)

specific areas/stations for geohazard monitoring
additional solution variants (focus on muttonstellation, subdaily sampling, etc.)
C Essential for correlation to geohazard assessment

Optimizing the processing strategy
Sampling:observation data, resulting coordinates
Strategy:window, observations, parameter setup, models, matinstellation etc.
Inputs :RINEX 2/3, precise products, precise models

& SAPIENZA © DIANSI2024
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Processing time vs. processing sampling rate

&esa Processing designoptimizing strategy

T/\LDE

A The mean processing time of daily solutior

at each site over the years.

A 30/60/90/150/300/600/900s data sampling

b4

C 300s interval accepted

Accuracws. processing sampling rate

A 30/60/90/150/300/600/900s data sampling

b4

C 300s interval accepted
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esa Processing designselecting products (1) 7/'LoE

Candidates: IGS, individual ACs Repro2 (<2013, <2015) and operational production
A Comparison of precise products from IGS and selected ACs: ESA, JREREIRDE
A GPSonly solution
A Worse performance of the IGS products, namely due to satellites clock corrections
A robustness of the combination process, AC systematic errors, clock alignment, etc.
C CODE Repro2 & operational products accep&dhat time
+ advantage: GPS+GLth5%available fotdongseries

Products comparison ig2 — es2 — jp2 — co02 — Products comparison ig2 — es2 — jp2 — co02 — Products comparison igs — esa —  jpl — cod —
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Repro3 has been finished by several IGS AiEscontacted CODE and ESA ACs)

A Comparison: CODE Repraiper x CODE Repro3 (2062020)
A Initial test of theCODERepro2 (CODE_2015) precise products with the new CODE Repro3

A CODE R3 is consistent throughout the entire period (ZIED),but for the first year the clock files (still missing)
we also observed offset in height compared to existing solution (e.g. IGS, EUREF), probably due to new scale & SG&€28&#0in

A No IGS combination, just first (external) validation of the CODE R3 product (few issues20Q000
C CODE Repro3 selected for the final solutigm need for operational products)

further advantage:GPS+GL(PMA$S=EQ‘aH;Ile|mport, ATX with Galileo PCV, h'rgboﬁ-nﬂan—nmducts, attitude modelphase+coddiases ...
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€esa Processing designselecting products (2)

T/\LDE
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T/\LDE

GOPE: QC indicators MinEle ~  # GNSS #Hours = % Ratio 2% URatio
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{esa CODE Repra3initial processing test 7/'LoE
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€esa Completing the processing strategy T/LDE

GNSS/PPP:

Software:G-Nut/Geb software

lono-free linear combination+testing rawmodel)

float ambiguity resolutioni+testing ambiguity fixing)

CODE Repro3 satellite orbits & clocks

GOP's consolidated muBNS®roadcast orbitsidentity healthy satellites)
IEREonvention2010 solid Earth tides and ocean tide loadjfigenabling on/off settings)
ATX for Repro3 (incl. Galileo satellite models)

OTL model for selected statio$-ES2014b

Estimated parameters:

Station coordinates

Recelver clock + inteaystem biasest+ interfrequency biases)

Initial carrierphase ambiguities as float numbérsinitial ambiguities resolved to integers)
Zenith tropospheric delays + horizontal linear tropospheric gradients

To Too T To 22 T Too To T To T To To

- Tidal Interplate LithospheridDeformationof Earth(TILDE)
i SAPTENZA © DIANSII2024




esa CODE Repra3multi-GNSS processing v/\LoE

GPS only / GPS + GLONASS
A Combined GPS + GLONASS solution provides better results compareeotayGPS
A Combination of GPS + GLONASS used for the SUPERSITE and GLOBAL variants for the2@2idd 2000

GPS —GPS+GLO —
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{esa CODE Repraloptimizing strategy v/\LoE

Optimizing processing strategy
GPS only / GPS + GLONASPS + GLONASS + Galileo
Inclusion of mulitGNS®bservations improves the solution accuracy

Combination of GPS + GLONASS + Galileo used for the perig22mi 5

Galileo used only from RINEX 3 data . MuliGNSScomparn G GR — GE — GRE
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esa Results coordinate time series T/\LDE

Resulted coordinates compared to an internal LSM model

Internal LSM model applies a coordinate offset, linear trend, anAgamiannual harmonic and steps
(receiver antenna changes, earthquake X 0

Residuals expressed in local topocentrlc coordinates in North, East, Up directions
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@esa Results; yearly coordinate repeatability

T/\LDE

East component less accurate than North component due to the float ambiguity estimation

For CODE Repro3, the accuracy is more consistent over the full processing interval
Degradations exists due to individual station data (the contribution from the product well reduced)

East [mm] North [mm]

Up [mm]

20.0

15.0
10.0
50
0.0

-5.0
20.0

15.0
10.0

5.0
0.0
-5.0

20.0

15.0
10.0 |
5.0
0.0

-56.0

GOPEOOCZE - SUP2 - 1D - IERS2010

(c) GOP/RIGTC, 2023-07-24 14:31:34

East [mm] North [mm]

Up [mm]

20.0

15.0
10.0
50
0.0

-5.0
20.0

15.0
10.0

5.0
0.0
-5.0

20.0

15.0
10.0 |
5.0
0.0

-56.0

MATEOOITA - SUP2 - 1D - IERS2010

STD s RMS mssm MED

(c) GOP/RIGTC, 2023-07-24 14:31:36

fifferential interferometric analysis

Tidal Interplate LithospheridDeformationof Earth(TILDE)
May 1. 2024

© DIANSTrI2024



{esa Subhourly coordinate solution T/LoE

Processing owlaily basis i
daily analysis = daily data and precise product, no reset of any parameters (reference solution)

Processing omveekly basis & combined strategy.
weekly analysis = daily data and precise product, reset coordinates on a daily basis (reset of coordinates and/or ajmbiguities
weekly combination = either a rigorous variarm®/ariance combination or a pure statistical weighted mean

Processing ogub-daily basis &n optimized strategy.
sub-daily analysis = daily data and products, reset coordinates (only!) on-lacguly bgsis
hourly solution significantly improved (by afactore8)C 0 KI y1 a4 G2 SELX 2A0Ay3 WO2y dAydz Gé

[ Original solution(actual processing window ] [ Weekly solution witha sub-daily coordinates reset]

24 h 24 h

12h 2.9 3.7 7.5 12h 3.0 3.7 8.2
6 h 3.7 4.8 8.9 6 h 4.0 4.8 10.6
3h 4.5 6.9 10.3 3h 5.3 6.2 13.1
1h 16.3 21.2 19.3 [> 1h 6.9 7.9 14.1
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{esa 2ndGNSS processiggpecific variants 7/'LoE

AGNSS processing
A for Solid Earth Tide modelling (TECT)
A for tectonic hazards (TECT)
A for volcanic hazards (VOLC)

ANetworks,

A TECT: global + supersites
A VOLC: regional (Stromboli, Volcano, Etna, Vesuvio from INGV)

AStrategies:
A SETONC solid earth tides (full model)
A SETDI¢ solid earth tides (full model without"?step longLISNA 2 R O2 NNBK OO A 2y &
A SETOFF¢ no solid earth tides model (i.e. switched off)
A 1-dayx 3-hour solutions
A float x fixed ambiguities

- Tidal Interplate LithospheridDeformationof Earth(TILDE)
& > DIENZA © DIANSII2024




TEGTFIFLDIBESEN O global + super SET_ON 1day/300s 20002020
TEQTFIFUDLBESEBT D global + super SET _DIU 1day/300s 20002020
TECGTARRDLBEISEN C global + super SET_ON 1day/300s 20002020

TECTARRDLBEISET L global + super SET_DIU 1day/300s 20002020

esa Global solution: SET model & tectonic studies TALPE
D tions |Tes |CROMGataPerod |Comment

Float ambiguities, ionospheifieee linear combination
Float ambiguities, ionospheifieee linear combination
Fixed anbiguities, uncombinedundifferencedobservations

Fixed anbiguities, uncombinedundifferencedobservations
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€esa Coordinate series (reduced by linear trend) T/LDE

MATE
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€eesa cCoordinate series (reduced trend / SHD)

MATE
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gesa Regional solution for volcanic studies T/LDE
D [Seuons |Tdes |CROWalPeiod _|Comment
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