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Outline

1. Una visione dal mare




The North driatic coast

Wind Stress at Chienti

01712 01/18

Chienti

ISMAR-CNR - DTM from cruises VEO4 e VEO5 on R/V Urania. A. Correggiarii, unpublished
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Glacial

Time Modern Interglacial

Heinrich event 1 Medieval warm period
Holocene maximum ®
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Little Ice Age

Younger Dryas
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Thousands of years before present (B.r)

L’ultima deglaciazione non e stata monotonica
Comportamento non lineare del sistema clima




Risalita eustatica post-LGM e fluttuazioni degli apporti fluviali
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Maselli et al., 2011, Marine Geology
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Est Antarctica

ICE SHEETS
DISTRIBUTION
(108 km3)

West
Antarctica
and
Greenland
ice sheets
are
equivalent
to a sea
level rise of
about 5-6 m



ICE “GROUNDED” ABOVE
SEA LEVEL (MORE STABLE)

Iceberg

calving / | vnual layers
\ / - Abl}tion

Thinning and
stretching

—

Continental ice sheets

ICE “GROUNDED” BELOW SEA LEVEL (UNSTABLE)



EFFECTS of SEALEVEL RISE

Destruction of coastal wetlands

-Inundation and erosion of beaches and barrier
islands

Saltwater intrusion
‘Flooding

- higher base for storm surges
- shrinking of beaches makes ocean front more vulnerable
- drainage reduction (need to pump water; New Orleans)

- rise water table and flood basements



— N " | ~ Mean sea level in Venice
"" / ~ 1872-2007

Istituzione
Centro Previsioni ¢
Segnalozioni Marce
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Assetto morfologico della costa Nord Adriatica e RSLR

2400
2200 Po Delta (Pila) = 24 .8 mm@r
20001—— Po Delta (Pila) -
—Ravenna ‘/——f"
1800 T — Venice //ﬂ -
E 1600 +— — Trieste ;’ -
'5' 1400 f/ e
§ 1200 -
% 1000 Vi
[H -
:Z_J 800 // Ravenna = 8.5 mr!q,iyr
¢ 600 o .
400 = a

NMAJ\!‘NV Venice = 2.5 mmiyr
200 PN L Y A S s i
LA s S W . kAt B

Trieste = 1.2 mmfyr

-200+— R
o o (] (] [} o o (o] (o] o o o
8 3 5 3 & 8 & & & & 3 5
SEA year

Livello medio mare a Trieste, Venezia, e Ravenna
dal 1896 al 2006.

La serie del Po delta é stata ricostruita integrando
dati di livellazione e di interferometria SAR.

DEM della regione Nord Adriatica



9 20 49 km EISOLS
x - Causes of the observed XX~

‘*’ displacements
MFSTRE
i \ tectonics

_® CHIOGGIA
A \\

VENETO REGION

oxidation of reclaimed peatlands

V4

residual natural consolidation

EMILIA-ROMAGNA REGION

x— development of deep gas reservoirs

groundwater withdrawal

Map of the displacement rates (mml/yr) in the
northern Adriatic coastland obtained by
Persistent Scatterer Interferometry on ERS-1/2
; ‘ images over the 1992-2000 period. Negative
Modified from Bitelli, Bonsignore, Carbognin, Ferretti, Strozzi, Teatini, Tosi, Vittuari, 2010, Proc. of EISOLS values mean land subsidence




*TECTONIC (THERMAL, FLEXURAL)

-SEDIMENT LOAD s

-SEDIMENT COMPACTION Triestey

-PEAT DECOMPOSITION W |

‘WATER WITHDROWALL o osae

-HYDROCARBON DEVELOPMENT N
nacehid | ADRIATIC

i {i SEA
IN DETAIL SUBSIDENCE IS B 2o

-PATCHY ON SHORT DISTANCE
-NOT UNIFORM IN TIME

DEM of the North Adriatic coast

from Bitelli, Bonsignore, Carbognin, Ferretti, Strozzi, Teatini, Tosi, Vittuari, 2010, Proc. of EISOLS



PO DELTA SINKING in response to:

Late-Holocene compaction
N

large withdrawals of
methane( rich groundwater

ADRIATIC
SEA

elevation 42

(m above msl)

Land subsidence rates (black
contour lines, mm/yr) measured in
the period from 1950 to 1957
superposed to DEM (color map)

A

Adriatic Sea

Subsidence rate (black contour lines, mmlyr) over
the 1992-2000 period as provided by the Persistent
Scatterer Interferometry (PSI) superposed to
formation age of the modern delta (color map, year

B'P) Modified from Teatini, Tosi, Strozzi, 2011, JGR




Analisi dei movimenti del suolo nella pianura veneta orientale

Tagliamento
River

ADRIATIC

Piave River

ADRIATIC
SEA

8renta River
Adige River A

gy, E—
o 10000 20000

Po River

™

Mappa dei movimenti del suolo (mm/anno) nella pianura veneta orientale (1992-2002) ottenuta
integrando le tecniche di interferometria SAR con livellazioni e GPS. Nel riquadro a destra la rete
integrata per il monitoraggio dei movimenti del suolo: rosso, capisaldi di livellazione; giallo,
stazioni GPS; bianco riflettori persistenti



Analisi della componente “profonda” in ambienti particolari
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.. i riflettori artificiali permettono di misurare la componente regionale del bacino lagunare in
quanto sono fondati a 8 m di profondita.

.. risvolti geologici ma anche applicativi ...



Analisi degli effetti delle compattazioni indotte in siti di

' o |

] T' b |
¥ A
It )

bikd
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. B8

.....
RN

(b)

%

Displacement (mm)
8 =
/
al

Velocita medie del suolo nella Bocca di Lido
misurate nel 2008-2009 attraverso I'analisi
interferometrica su immagini TerraSAR-X.

Valori negativi sono gli abbassamenti quelli R \
positivi i sollevamenti |

8
|

]

e \/\
-40 — —_—
Feb- Mar- Apr- May- Jun- Jul- Jul- Aug- Sep- Oct- Nov- Dec- Jan- Feb-
08 08 08 08 O3 08 08 O8 08 08 08 08 09 09

a) Dettaglio dei movimenti medi misurati in
corrispondenza della “tura” (porto-canale).

b) Serie temporale di 3 PS (frequenza di
acquisizione: 11 giorni).
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“Contradictory” anthropogenic impacts

Pre-industrial time: Industrial time:

Increase of soil erosion Reduction of yield because of
(50% more sediment Dams (30% less sediment than
than 2000 years BP) 50 years ago)

1929-1944 / /s
Watershed surface regulated: 68 10 km® (7.86%)

Enhanced erosion:
 deforestation
 excavation

e agricolture
 urbanization

965-1968.
Vat

16 2 1969-1972.
Watershed surface regulated: 65704 kmn” (75.91%) Watershed surfa

Dams construction in the Ebro catchment (1916-72)



Long-term impacts on the Venice lagoon

N _ ..first the gt
WS 40 “intestadure”

" ...',f

Map of the ...then diversion

Lagoon from of maln rivers”
“arrecordi” of g

€. Sabbadino
{sec XVI)




Managing wake wash i e
from high-speed vessels =

I o025/05
[ J]o1/025
C1-0.1704
B -0.25 /-0.1
Bl -05/-0.25
Bl 0.75/-0.5
B -1/-0.75
Bl -1.25/-1

1927-1970 1970-2000 -1.5/-1.25
300 800 S
N 2.5/-2
= 10°m7y 5/-25
1075

Bl -<-10m

Fig. 3. Colour-shaded bathymetric maps of Lagoon of Venice (from left to right: 1927, 1970; 2002). Dotted red line indicates migration of —1.2 m contour line, showing an overall increase in depth (progressively darker blue
colour). Emergent areas are indicated in green. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Changes in bathymetry 1927-1970-2000; Sarretta et al., 2011

6P6-FE6 (010Z) 0F 210352y Jlays |DIuaulue) /o 33 pHALIDS Y



Salt-marsh loss (erosion)
reflects:

iIncreased wave motion &
enhanced salinity




Sedimentary budget

according to integration of time series of solid
flux

Scientific questions:

*Is the difference with the net loss
estimated by bathymetric changes
a sign of a recent change in the rate
of erosion?

*Why is the net loss of Malamocco
so small with respect to the other
inlets?

How does the longshore transport
interact with the fluxes at the inlet?

Defendi et et al. 2010. Continental Shelf Research Vol.
30, 883-893




me (TWTT)

—
E=3

Study of the deposition on
the ebb-tidal delta

Tosi et. al. (CNR-ISMAR)

Large amounts of sediments
are accumulating in the ebb-
tidal delta

Shet points 7500 7000 6500 l 000 5500 5000 400
1 1 ] 1 1

== 1951 sea floor 50m
- 1886 sea floor

Seismic profile
shows the ebb
tidal delta
architecture
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LA CARTA
GEOLOGICA

Distribuzione dei
depositi in
affioramento o sub-
affioramento

Conoscenza
“ufficiale” del
territorio
sottomarino

Foglio NK33-6 Vieste
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Ricordando che le sabbie trasgressive non sono
una risorsa rinnovabile ...

Volume totale di sabbia fine .
Volume totale di silt grossolano:

ca. 100 x 10° m3

come ripascimento della
spiaggia sommersa distale

tra -20me-90 m

ca. 240 x 10° m3

A. Correggiarii, unpublished
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| Fogli a scala’
1:50.000 a cui
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F.° 282
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VENETO|
EMILIA-ROMAGNA' = =~ /75
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= [ hs2
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Cartografia Geologica

... complessita degli ambienti costieri e di transizione

La nuova carta
geologica riporta 13
unita:

- 12 oloceniche,
- 1 pleistocenica.




Mappa del “limite” Pleistocene-Olocene, ovvero della profondita alla quale spesso
si rinviene l’argilla sovra-consolidata nota come “caranto”

PROFONDITA DELLA BASE
DEL SINTEMA DEL PO

Limite Pleistocene/Olocene
SHALLOWS




L]
SHELF-TYPE
DELTA LOBES CONTINENTAL SEQUENCES

1000 m

DEEP-
WATER
DELTA

' i
Ll " SR

Modello geologico della serie olocenica nella
laguna centrale

Central Venice lagoon

Lido
barrier island
ST

Adriatic Sea

; w gy
S O N P -
; > 1 ‘ % : i ‘..""‘"'" L
it A i
[ M i il L J

w A

* Ricostruzione dell’architettura della serie
Quaternaria.

« Analisi delle discontinuita e delle
sequenze.

» Modelli di evoluzione geologica dell’area
costiera e loro accoppiamento con quelli
del settore di pianura e marino.

* Modelli idrogelogici

A = - sea level

[ | Bayhead delta (< 6 kyr BP)

l:l Littoral and shallow-marine deposits
(<6kyrBP)

l:l Back-barner deposits (& kyr B.P. onwards)

Holocene
succession

10m

Pleistocene continental succession 1km
{> 18 kyr B.P)

Pleistocene - Holocene boundary

Modello geologico della serie olocenica nella
laguna meridionale

Pellestrina

Southern Venice lagoon barrier istand Adriatic Sea

v = " i sea level

l:l Delta front/prodelta, shoreface and beach ridge
deposits (< 85 kyr B.P)

[ ] peliaplan depasits (6to 2 kyr B.P)

l:l Back-barrier deposits (10 to 5.5 kyr B.F. and
<2k BP)
Pleistocene continental succession 1 km
{> 18 kyr BF)

Holocene
succession 10m

Pleistotene - Holocene boundary
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It is crucial to set up
strategies of REA to
"events”

-“predict” their evolution
(on scales of hours to
weeks)

-optimize field activities
(like water or sediment
sampling)

-monitor their long-lasting
impact (sediment column)



Integrazione tra
geomorfologia
geofisica

studio di processi
e

modellistica
numerica

Interactions between tidal fluxes and longshore currents on
the sediment transport

Cross.sectionl of the longshore transport
belt during a storm with NE wind (Nov2006)

The interactions between tidal fluxes through
the inlets and longshore currents are
fundamental in the exchange of suspended
particle matter (SPM) between the lagoon and
the open sea, the barrier islands, as well as
flood- and ebb-tidal deltas.

ehb-tidal delta

Lido Indei = Crarremi Vikocity fom's]
Sy - e .

f LU B ERLE 1] = T] - & "

Combining circulation models (colors
and light arrows) with high-resolution
measurements (thick arrows) and SPM
around inlets.

Seismic profile showing the
ebb tidal delta architecture



Caratterizzazione degli acquiferi, analisi degli scambi
acque superficiali/sotterranee, rapporti acque
marine/continentali (ingressione del cuneo salino)
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Conclusioni

* Serve conoscenza
“ufficiale” del territorio

* Serve conoscenza
“condivisa”

e Serve ricerca scientifica
e non “solo”
monitoraggio

e Approccio olistico come
base per le “decisioni”




