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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

• Examination of the volumes to 

locate the relevant datasets.

• High-resolution scanning of 

documents. 

• Identify effective methodologies 

for numerical extraction: AI-

based OCR recognizes 

degraded text and table 

structures, reconstructing 

data in editable XLSX format.
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Coordinate System Transformation

IGM Official Conversion Tool

• 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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Distribution of Historical Gravimetric Observations 

in Italy

Low (< 980.253 Gal)

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: ΔH = H(historic) − H(TINITALY)



Positional Quality Assessment — Results

• Only 51.8% of land stations 
meet reliability criteria (|ΔH| < 10 
m)

• Reliability drops sharply with 
terrain slope: 75% (0–5°) → 
8% (>30°); critical slope ≈10° 
(reliability % = share of stations 
meeting |ΔH| < 10 m within each 
slope class)

• 1901–1932 the most 
problematic period — median 
deviation 21.8 m, with a few 
large outliers (std=203 m)



Challenge: Spatial Heterogeneity

• Highly uneven station 
density across regions 
and epochs

• Nationwide interpolation 
not meaningful

• Local kriging on spatially 
coherent clusters

● Gravimetric Stations pre 1900



Target Variable: Gravity Disturbance

• Kriging is performed on the gravity disturbance (δg)

• δg = g(measured) − γ(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 
each epoch

• Epsilon calibrated 
objectively via k-
distance graph

• Fixed Minimum Points 
across epochs for 
methodological 
consistency

Clusters from 1933 – 1958 period



Kriging & Validation

• Ordinary kriging; 
empirical comparison of 
variogram models: 
spherical most stable

• Validated via leave-one-
out cross-validation on 
every cluster:                    
R² (predictive skill vs. 
mean) and RMSE (average 
prediction error, in Gal)



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

-0.0895 g +0.0997 g
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Reliability & Limitations

• Kriging R² 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@uniroma1.it
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