La Subsidenza in Italia: dal confronto tecnico scientifico

alla creazione di un gruppo di lavoro (iSUB-I)
Padova, 17-18 Febbraio 2026

| S U B
‘ Gruppe ltaliana Studio Subsidenza
ltalian Working Group Land Subsidence

MODIFICAZIONI DEL PAESAGGIO, ARCHITETTURA STRATIGRAFICA E SUBSIDENZA NELLA PIANURA
ALLUVIONALE E DELTIZIO-COSTIERA DEL FIUME VOLTURNO (CAMPANIA SETTENTRIONALE):
STATO DELLE CONOSCENZE

- i X f’ 3
Carla Buffardi P gl
Naveed Ullah ! " '

Lucia Rita Pacifico 2

Daniela Ruberti 1

Fabio Matano 2

1 Unwersita della Campania
Lugr Vanwtelli

Dipartimento di Ingegneria




INTRODUCTION
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Most of the world’s major river deltas and related alluvial coastal plains are sinking due to both acceleration in
global sea level rise and subsidence of human and natural origin.

Herrera-Garcia et al.,, 2021. Science
Ohenhen et al., 2026, Nature



INTRODUCTION

In exploring the potential drivers of subsidence,
over-exploitation of groundwater resources was

regarded asthe major (aUSE OF s phenoENGI

Sea level rise
3-1T0 mm/yeal

6 - 100 mm/year

Average SLR and land subsidence for a few
coastal cities (after Deltares, 2016)

In spite of this, in coastal and delta areas subsidence
can also have natural causes related to the natural
compaction of alluvial/coastal plain deposits, mostly
consisting of alternating layers of sand, clay and
peat, still compacting under their own weight.



PRIMARY GOALS

AIM OF THE RESEARCH

%+ Detect the major causes of the land
subsidence in the Volturno River Plain

% Assess the contribution to land
subsidence of:
* the stratigraphic framework
 the land use changes
* reclamation

<+ Assess the major geomorphological
modification in the deltaic-coastal area
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STUDY AREA

Geologieal
setting
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hydrograph
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Present day beach deposits: medium-coarse sands and silty sands
Intradune depression system
Dunes of delta growth whit maximum height of 8 m a.s.|.
- Clay and silty deposits of abandoned meanders
Lacustrine deposits above sea level
Alluvial deposits (sand, silt and clay) and anthropogenic filled deposits

Coherent to incoherent pyroclastic deposit from Phegrean Fields
Talus breccias
Volcanic Tuff
1 Lavacoposis Southern ltaly
Marly-calcareous sandstones (Tertiary)
Limestones and dolomitic limestones (Mesozoic)
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STUDY AREA

STUDY AREA
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DATASET

SUBSOIL DATA

Boreholes
e Cone Penetration Test

e Cone Penetration with pore
water pressure measurement

The data have been 3
selected, i()terpreted, Geo
homogenized and database
georeferenced
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DATASET

CARTOGRAPHIC
ANALYSES
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RESULTS

TUFF SURFACE

RECONSTRUCTION

A palaeovalley is recognized,
about 15-20 km wide and up
to 30 m deep

*20 - +?2m  t8m 7
modern  *0.5m Fa

0 sealevel v\
R
20 P
: \
40 F

60 Wisconsinan

glacial period
-80 -<
-100

-120

Last full
interglacial,
5e| sangamonian

Previous glacial,
lllinoian

/

6

Sea level (m) relative to modern

-140

60 80 100 120 140 160 180 200
Time (thousands of years BP)

Campania Ignimbrite

Incised Valley
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%\\\ The onset of t.“he LGM
’@%b\,\ y renewed fluvial
Y _~ downcutting left the
%, P previously formed
L terraces ca. 10 m
) ) 00 \/< QQQ .
Radiocarbon dating (2 “Q") above the valley floor
indicated that the valley started to
form at ca. 37 ka B.P. Ruberti D. et al., 2022. Quaternary International.

Buffardi et al., 2025. Frontiers in Earth Sciences
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RESULTS

SUBSIDENCE MAP

Map of the cumulative subsidence
during 1992-2021
(Vertical Ground Deformation expressed

in mm)
vgd_1992-2021
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Alberico & Matano et al., 2024. Quaternary International, 712.
Based on ERS, ENVISAT, RADARSAT and SENTINEL 1 data
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O
THE VOLTURNO DELTA
FORMATION

a) during the maximum marine ingression a
wide embayments is recognized;

the onset of back-barrier lagoonal
environments is documented at the mouth of
the Volturno River, as a response to coastal
aggradation and sand bar development by
littoral drift;

present day setting of the Volturno delta
plain;

DTM with 70-m cell: morphological setting
largely inherited by the late Quaternary

sedimentary evolution of the plain

b)

After  Amorosi et al., 2012. Sedim. Geol,,
Sacchi et al., 2014. Glob. Plan. Change

Ruberti et al., 2022. Quatemnary International



SUBSIDENCE ZONING MAP
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RESULTS

HOLOCENE DEPOSITIONAL SYSTEMS VS. SUBSIDENCE

e

1km

[(Z Thickness Peat + Thickness Clay) vs. (post-IC Thickness)] vs. [ LS rates]

Differential compaction was detected, with the highest

values of subsidence corresponding to high thicknesses

of peat and clay but low post-Ignimbrite thickness,
proceeding from the coastal zone towards the interior. |

The most superficial sediments, i.e. the youngest ones ™

l .

Primary and secondary consolidation

Buffardi et al., 202 1. Water
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Several stratigraphic logs are characterized by
different lithologies and significant changes of
geotechnical parameters, even in the presence
of the same depositional environment.....
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RESULTS
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RESULTS

CPT INTERPRETATION
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these differences are

highlighted by geotechnical

testing and analysis
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CPT INTERPRETATION
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The discrepancy can be
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the age of the
sediments
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processes
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RESULTS

O
RECENT EVOLUTION AND ANTHROPIC IMPACT

RECLAMATION
INTERVENTIONS

Part of the river's water
was diverted and
canalised, with the aim
of elevating the land
surface by filling the
marshy areas with
alluvial sediments.

The canals branched
into other diversion
canals reaching the
inner parts of the
sedimentation tanks.

Ruberti & Vigliotti, 2018. Environm. Earth Sc.



RESULTS

O
RECENT EVOLUTION AND ANTHROPIC IMPACT

RECLAMATION
INTERVENTIONS

Part of the river's water
was diverted and
canalised, with the aim
of elevating the land
surface by filling the
marshy areas with
alluvial sediments.

The canals branched
into other diversion
canals reaching the
inner parts of the
sedimentation tanks.

Ruberti & Vigliotti, 2018. Environm. Earth Sc.



DRAINAGE EVOLUTION

Evolution of the drainage system pattern
following land reclamation work between 1880

and 2010 in the Volturno River delta plain.

Analysis of the drainage network characteristics through time (based on Horton 1932; 1945)

Year Total stream Total stream lenght (km)  Area (km?) Drainage density (km/km’) ~ Stream frequency

(Horton, 1932) (Horton, 1945)
1887 89 125916 99,812 1,26 0,89
1957 1338 525,054 103,986 5,05 12,87
1987 1223 489,579 103,218 4,74 11,85

Y

v’//

urban area
modern costaline

costaline

drainage network

ox bow

Volturno River \
2 Km _ 1887

IR




DRAINAGE EVOLUTION

Evolution of the drainage system pattern
following land reclamation work between 1880

and 2010 in the Volturno River delta plain.

Analysis of the drainage network characteristics through time (based on Horton 1932; 1945)

Year Total stream Total stream lenght (km)  Area (km?) Drainage density (km/km’) ~ Stream frequency

(Horton, 1932) (Horton, 1945)
1887 89 125916 99.812 1,26 0.89
1957 1338 525,054 103,986 5,05 12,87
1987 1223 489,579 103,218 4,74 11,85

urban area
modern costaline
costaline
drainage network
ox bow

Volturno River

gkm

IR LRSS




DRAINAGE EVOLUTION

Evolution of the drainage system pattern
following land reclamation work between 1880

and 2010 in the Volturno River delta plain.

Analysis of the drainage network characteristics through time (based on Horton 1932; 1945)

Year Total stream Total stream lenght (km)  Area (km?) Drainage density (km/km’) ~ Stream frequency

(Horton, 1932) (Horton, 1945)
1887 89 125916 99,812 1,26 0,89
1957 1338 525,054 103,986 5,05 12,87
1987 1223 489,579 103,218 4,74 11,85

urban area
modern costaline
costaline
drainage network
ox bow

Volturno River

gkm




DRAINAGE EVOLUTION

Evolution of the drainage system pattern
following land reclamation work between 1880

and 2010 in the Volturno River delta plain.

Analysis of the drainage network characteristics through time (based on Horton 1932; 1945)

Drainage density (km/km®)  Stream frequency

Year Total stream Total stream lenght (km)  Area (km?) (Horton, 1932) (Horton, 1945)

1887 89 125,916 99,812 1,26 0,89

1957 1338 525,054 103,986 5,05 12,87
1987 1223 489,579 103,218 4,74 11,85




LAND USE CHANGES

Most of the marshy areas were reclaimed for
agriculture and other human activities from the
beginning of 1800s until the early 1900s.

In 1957 Arable lands (81%),
Sclerophyllous vegetation (3,7%) and
Vineyards (4,%) were the predominant
land cover types.

BD

WB Water bodies
L l |

Artificial surfaces
Arable land
Vineyards

Fruit trees
Greenhouses
Coniferous forest
Sclerophyllous vegetation

Beaches, dunes
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LAND USE CHANGES

A reduction of beach-dune land was
recorded up to 1990.

The Artificial Surfaces were the land use
type, with the largest rate of increase at
the same time.

Among other things, the great
fragmentation of the landscape, the
increase in urbanization, especially
along the coast, the destruction of many
coastal habitats are evident.

Artificial surfaces
AL Arable land
- VY  Vineyards
FT Fruit trees
GH Greenhouses
- CF Coniferous forest
SV Sclerophyllous vegetation
BD Beaches, dunes
WB Water bodies

I 1
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LAND USE CHANGES

e Urbanization & Infrastructure: Building
heavy structures and infrastructure
compresses underlying soft sediments, while
growing populations demand more
groundwater, leading to aquifer depletion and
land sinking.

e Groundwater Extraction: Pumping water
from aquifers for cities, industry, and
agriculture (like aguaculture) removes
support, causing significant land loss, as seen
in Jakarta and Tokyo.

e Agricultural Practices: Drainage of peat soils
for farming causes oxidation and shrinkage,
while high freshwater demand for irrigation
(e.g., in aquaculture) depletes aquifers,
contributing to subsidence

Artificial surfaces
Arable land
Vineyards

Fruit trees
Greenhouses
Coniferous forest
Sclerophyllous vegetation
Beaches, dunes

Water bodies
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P1 - Pantano di Mondragone
P2 - Pantano di Castello

R1 - Rivo di San Paolo

F1 - Fosso di Servizio

F2 - Fosso Riccio Vecchio o
forma della Pioppara

F3 - Fosso Mezzasetta
F4 - Antico fosso della piana
F4 - Fosso dei Bagnari

e
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Swamp areas

I Woodland

Lake

Mouth bar

Stream network
Main ch | rk

e FOVOSS T Road network
Qi I Urban centres

Topographic map of 1834-1860, 1:20,000 scale (Italian Geograp hic
Military Institute). The woodlands were outlined from Topographic
and Hydrographic Map of the surrounding areas of Naples 1817-1819
at 1:25,000 scale.

Taverna del Re “ecoballe”
waste disposal site
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Coastline erosion......

Strong retreats are registered between 1954 and 2013,
with variation of mouth orientation and morphology.

The lighthouse was on mainland in 1954 and 1968,
then gradually remained isolated in the sea due to
shoreline retreat and was destroyed by sea storms.
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RESULTS

Coastline erosion......




CONCLUSIVE REMARKS

The natural processes have an
important role in the Volturno delta
plain subsidence

The subsidence appears to be
related to the characteristics of the
most compressible deposits and
their age.

Anthropogenic impacts may be
significant in terms of the local
variability of the subsidence rates




CONCLUSIVE REMARKS

An integrated approach to the
study of the geological and
anthropogenic processes in these
delicate environments offers a
clear understanding of the
processes and provides insights
for mitigation interventions.
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Session description

Subsidence in coastal and alluvial landscapes is a dynamic process driven by both
natural and anthropogenic forces. During the Quaternary, interactions among
sedimentation, tectonics, and climate variability have shaped the evolution and
habitability of low-lying environments. Today, these settings face intensified
challenges from human-induced stressors, including land reclamation, groundwater
extraction, rapid urbanization, and infrastructure loading, which exacerbate land
subsidence and relative sea-levelrise.

This session aims to explore the multifaceted nature of subsidence, ranging from
sedimentary basins to urbanized floodplains, integrating insights from
sedimentology, geotechnics, hydrogeology, geomorphology, remote sensing, and
geodesy to enhance our knowledge of past and present deformation processes. We
encourage studies that address multidisciplinary and innovative approaches,
including advanced monitoring techniques, numerical and Al-based modeling, and
decision-support frameworks to mitigate risk and support adaptive planning for
densely populated coastal zones and deltas.
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