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Motivation

 No complete, publicly accessible modern gravimetric
database for Italy

« Extensive historical surveys (1825-1958) never
systematically digitized
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Aim of the work

 Integration of the historical data with new gravimetric data
to create a unified database.

« To develop a comprehensive model of the temporal
variations of the gravity field across the Italian territory.

« The combined datasets will be processed and analyzed to
assess geophysical phenomena across the Italian
peninsula.
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First step: The Digitization Process
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Coordinate System Transformation

» Historical coordinates
recorded in obsolete reference
systems (e.g. Roma 40, ED50)

 Converted to modern
WGS84 and RDN2008 (UTM)
via IGM's Verto Online service
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VCL Conversione file g

Sistema . inIngressol' | Soeglun velore v
Sistema Rif. in Uscita: | Scegliun valore v
File: ‘ Scegiifile | Nessun fle selezionato

| EsequiTrastormazione

Sistemi di riferimento

Latrasformazione & possibile fa i Sstemi Geodefici pil utiizzafiin Itaia: ROMA40, EDS0, ETRF89 ed ETRF2000, ia in coordinate geografiche che ne sistemi
piani ad essi normelmente associati, con riferimento ai codici EPSG (European Petroleum Survey Group). Fra i codici presenti nellEPSG non sono accetiafi:
4978, 4979, 32632, 32633 & 32634, poiché rifert al WGS84 che non & mai stato utlizzato in alia. Una spiegazione che ilustra i significato dei codici EPSG &
riportata nella pubblicazione: "Corretto utilzzo dei Sistemi Geodefici i Riferimento alfinterno dei software GIS" - Camroccio Marianna, Cima Virgiio, Maseroli
Renzo - Ati della 18a Conferenza Nazionale ASITA,, Firenze, 14-16 oftobre 2014

Attenzione! A parire dal giomo 21/11/2024  codici per indicare la realizzazione ETRF8 sono: 1GM5 3D (4983), IGM95 2D (4670) e i relaivi SR pro’ettat.
Questi sostituiscono i codici precedentemente ufizzati: ETRS89 3D (4937), ETRS89 2D (4258) e i relatvi SR proiefati(ved la pubblicazione sopra citata)

Formati accettati

IGM Official Conversion Tool
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Distribution of Historical Gravimetric Observations
in Italy

® Low (< 980.253 Gal)

A

® Medium (980.253 —
980.510 Gal)

® High (> 980.510 Gal)
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Current dataset

« Around 3,500 digitized stations from the Commissione
Geodetica Italiana archives

* 605 terrestrial stations, 2,958 marine stations.

« We split stations into three epochs: before 1900 (189
stations), from 1901 to 1932 (359), from 1933 to 1958 (3015)
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Positional Quality Assessment —
Methodology

 Historic coordinates cross-checked against TINITALY DTM
(INGV, 10 m)

 GeoNames used to re-geocode stations with ambiguous or
place-name-only historic coordinates

* Reliability indicator: AH = H(historic) — H(TINITALY)



Positional Quality Assessment — Results

* Only 51.8% of land stations
meet reliability criteria (JAH| < 10
m)

Positional Reliability vs Terrain Slope
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Challenge: Spatial Heterogeneity

* Highly uneven station

e density across regions
e " and epochs
« Nationwide interpolation
B not meaningful
i =N  Local kriging on spatially

coherent clusters
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Target Variable: Gravity Disturbance

* Kriging is performed on the gravity disturbance (56g)

* 0g = g(measured) — y(normal)
normal gravity computed via the ICGEM online service (GFZ
Potsdam)

* Normal gravity from EGM2008 on the GRS80 ellipsoid, at each
station's ellipsoidal height
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Spatial Clustering

« DBSCAN clustering
performed separately for
e A each epoch

« Epsilon calibrated
objectively via k-
e distance graph

* Fixed Minimum Points
across epochs for
0 el meth_odological
Ty consistency

Clusters from 1933 — 1958 period



Kriging & Validation
EENEIC NIRRT - Ordinary kriging,

Pe-1900 Extra  Dorsale Adriatica (manuale) 515%  0.048 643.7 empirical comparison of

Pre-1900 6  Alpi/Trentino 49 43.6% 0.050 48.9 va riog ram models:

Pre-1900 2 Campania 11 36.7% 0.045 159.8 Spherlcal most Stable

Pre-1900 5 Veneto orientale/Friuli 9 18.6% 0.024 1239

Pre-1900 4 Piemonte/Lombardia occidentale 13 6.2% 0.044 98.2

Pre-1900 1 Sicilia orientale/Calabria 41 1.5% 0.052 17.5 . .

Pre-1900 3 Marche 7 -36.1% 0.019 214 * Val Idated via Ieave -one-
1901-1932 1 Sicilia 122 74.0% 0.029 98.0 OUt CrOSS-Val Idatlon on
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19011932 5 Veneto (Padova) 6 -7.8% 0010 24 prediction error, in Gal )
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1933-1958 2 Roma/Castelli Romani 26 81.3% 0.010 25.7

1933-1958 1 Napoli/Campi Flegrei 9 -32.7% 0.033 11.6




Spatio-Temporal Comparison

» Cross-epoch comparison only where geographically overlapping
and reliable

» True buffer-intersection check, not bounding-box approximation:
9 valid comparisons identified



Spatio-Temporal Comparison

I X T

Sicilia -0.0895 +0.0634
Piemonte (pre-1900 vs 1901-32) +0.0127 +0.0997
Padova (pre-1900 vs 1901-32) -0.0035 +0.0111
Padova (1933-58 vs 1901-32) -0.0203 +0.0208 1 r A
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Reliability & Limitations

» Kriging R? ranges from 96% (67 points) to —36% (7 points) —
density, not geography, drives reliability

« Low-density clusters flagged and excluded from further
analysis

» Differences may reflect campaign/instrumental
inconsistencies, not only geophysical change



Conclusions & Next Steps

* Reproducible, validated pipeline: clustering — kriging —
cross-validation — comparison

* Integration with modern and new data from PNRR airborne
gravity survey

- Extending validated cross-epoch comparisons



Thank You for your attention!

» Contact: gabriele.esposito@uniroma.it
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