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Abstract :
Natural land subsidence, primarily driven by the auto-compaction of Hol-

ocene sediments, is a key process shaping coastal lagoon morphology. In the
Venice Lagoon, Italy, subsidence significantly influences salt marsh elevation
and stability under rising sea levels. This study provides a comprehensive 3D
perspective (i.e., 2D in space over time) to address the subsidence issue, incor-
porating InSAR outcomes with field characterization and advanced numerical
modeling tools that capture the dynamic interplay of auto-compaction and sed-
imentation.

Simulations are performed using the advanced simulator NATSUB3D based
on deforming finite elements to reconstruct the Holocene evolution of repre-
sentative sections of the Venice Lagoon. The complexity of sedimentation-
compaction history is explored through the integration of 2D seismic lines, lith-
ologic borehole logs, geochronological data, and historical maps. This dataset,
combined with the geomechanical properties of lagoon deposits derived from
field and laboratory testing, forms the primary input to the models. The simu-
lator couples a 3D groundwater flow module with a 1D compressibility module,
employing adaptive meshes to simulate accretion and natural consolidation pro-
cesses, which govern dynamic thickening and elevation change. The model is

calibrated against present-day lagoon bathymetry and the recent InSAR
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outcomes obtained in the area, allowing to estimate the current natural compac-
tion rates resulting from Holocene evolution.

Results reveal that natural auto-compaction alone accounts for a significant
fraction of vertical land movement, particularly in the fine-grained deposits of
the lagoon. Subsidence rates vary spatially depending on lithological heteroge-
neity together with sediment age and loading history.

These findings demonstrate that, even in the absence of groundwater extrac-
tion and long-term tectonic activity, natural consolidation of Holocene units can
induce substantial elevation changes that leafing to significant morphological
changes. The implications are critical for predicting future landscape trajecto-
ries and evaluating the sedimentation required to maintain saltmarsh elevation
relative to rising mean sea levels under climate change.

This research underscores the importance of incorporating natural land sub-
sidence into coastal evolution models and restoration planning. The study is
part of the RESTORE project, funded by the European Union — NextGenera-
tionEU under PRIN 2022 — PNRR.
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Abstract.

The Holocene evolution of the Venice Lagoon, the largest brack-
ish basin in the Mediterranean, reflects a complex interplay of
fluvial, tidal, wave, and marine processes, modulated by relative
sea-level change, sediment supply, subsidence, and anthropo-
genic modification. Despite extensive investigations, the la-
goon’s subsurface architecture has remained only partially re-
solved owing to its size (~550 km?) and the inherent challenges
of surveying shallow-water and wetland environments.

Within the RESTORE project, we integrated broad and wide-
ranging datasets gathered over the past 30 years, including sedi-
ment core analysis, very-high-resolution seismic profiles, and ra-
diocarbon data, to develop an unprecedented reconstruction of
the late Pleistocene—Holocene stratigraphy. Facies analysis iden-
tified a range of depositional environments—from alluvial and
palustrine to lagoonal, deltaic, estuarine, and shallow marine—
while seismostratigraphic interpretation revealed three key
bounding surfaces (S1-S3) and three corresponding Holocene
units (H1-H3). Notably, the Holocene succession displays a high
spatial variability in thickness, ranging from less than 2 m along
the central-northern inner lagoon margin to more than 20 m in
the offshore and southern sectors. The distribution of the three
seismostratigraphic units exhibits pronounced lateral and vertical
heterogeneity, reflecting the complex interaction of autogenic
and allogenic controls during the Holocene.



Marine transgression initially affected the southern sector, while
deltaic—palustrine conditions persisted in the central-northern la-
goon. As lagoonal environments expanded northward, a delta
system developed in the south. The final phase resulted in the es-
tablishment of the modern lagoonal configuration, subsequently
modified by centuries of human intervention.

This reconstruction offers new insights into the spatial-temporal
variability of Holocene evolution in the Venice Lagoon, high-
lighting how stratigraphic heterogeneity shapes present morphol-
ogy and informs predictions of future responses to sea-level rise,
subsidence, and sediment budget shifts.

This research was carried out within the RESTORE project
(PRIN2022PNRR), funded by Next Generation EU, Mission 4,
Component 1, Investment 1.1, CUP B53D23033630001.
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