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Atmosphere 
(wind, rain,  

tempertaure,umidity) 

Litosphere 
 (lithology, geometry,  
 mechanic resistence, 
   tectonics, isostasy)  

Hydrosphere 
(wave, current,  

tide, ice)    
 

Coastal 
area 

Lithosphere vs. atmosphere vs. idrosphere  

+ biosphere and antroposphere 
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Sea level changes can be driven  
by either variations in the masses or volume of the oceans,  
or by changes of the land with respect to the sea surface.  

 
In the first case,  

a sea level change is defined ‘eustatic’ (=ESL);  
otherwise, it is defined ‘relative’ (=RSL) 

 
(Rovere et al., 2016, Curr. Clim. Change Rep.) 



 
∆ζrsl =∆ζEsl + ∆ζG + ∆ζT + ΔζS +ΔζCN + (∆ζAntr) 

 
rsl = livello del mare relativo 

Esl = livello del mare eustatico 

G = contributo glacio-idro isostatico 

T = contributo tettonico 

S = contributo sterico 

CN = compattazione naturale 

Antr = contributo antropico 
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(Universidade Fernando Pessoa, Porto, Portugal) 



The Marine terraces of Tropea 
(Calabria, Italy) (above) and the Taranto 
flight of marine terraces looking 
seaward (dx). 
Their shaping is connected to the 
superimposition of the sea level change 
to the regional long term tectonic uplift 



This layered beach at 

Bathurst Inlet, Nunavut 

(Canada) is an example of 

post-glacial rebound after the 

last Ice Age. Little to no tide 

helped to form its layer-cake 

look. Isostatic rebound is still 

underway here. 



Uplift rate in 
mm\y plotted  
on a DEM of Italy .  
For the color 
classes see the 
legend.  
Inset shows a 
schematic three-
dimensional 
representation of 
the same data set. 
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Elevation of the MIS 5e marker in the Mediterranean region (Anzidei et al., 2014, BGSL). Note the high 
vertical  displacement rates in the Calabrian Arc, which is the most uplifting region in the Mediterranean 
(From Ferranti et al., 2010) that contrasts with sites in north Africa, with the exception of one site at 32 
m in Tunisia (from Jedoui et al., 2003), or the absence of this horizon in Turkey due to the continuous 
subsiding tectonics. 



Gulf of Orosei, Sardinia 

MIS 5.5 Tidal notch  

(h= +8 m slm; CO2 = c.ca 290 ppm) 

Present tidal notch 
(h = 0; CO2 = c.ca 420 ppm) 







BGSL, 2014 
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Con lo stazionamento del livello del 

mare raggiunto circa 6000 anni BP  

il mare ha iniziato una continua 

azione di smantellamento o di 

deposizione,  

più o meno efficace in funzione  

dell’assetto morfologico e 

litostrutturale  

dei corpo roccioso, e dei materiali resi 

disponibili al mare dai fiumi e dalle 

biocenosi marine. 

Capo d’Otranto, Lecce 

Polignano, Bari 



2 - La Piana di Sibari 

1- Metaponto Plain 

1 

2 



Sea level changes and dynamic atmosphere 

«dynamic sea surface» 





Antonioli et al., QSR, 2017 



R = ΣP x ΣV x ΣU 



Lambeck et al., 

Quat. Int., 

2011 

(by VECTOR project  

funded by the  

Italian Ministry of Education,  

University and Research) 





By the Italian National Research Council (CNR)  - RITMARE Project  

and the Italian Ministry of Education, University and Research  

Project PRIN 2011-2013 

under the umbrella of the IGCP Project n. 639 by UNESCO e IUGS 

Modello di sommersione 







Coastal behaviour is function of 





Quattro differenti cicloni tropicali “medicanes” che si sono verificati  

nel bacino Mediterraneo (Fita et al., 2007) 
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GALLIPOLI - 11.01.1987 

Santa Caterina, Lecce, 1991 

Gallipoli, Lecce - 11.01.1987 



Cyclone Zorbas  

(2018, September - October) 

Gallipoli, Lecce 

Gallipoli, Lecce 

Siracusa 



(Fonte M. Caldara) 

Sea storm impact on Carapelle river mouth (Foggia):  
2009 February-March (above), 2005 November (below) 

(Fonte: Laboratorio di Ricerca e Sperimentazione per la Difesa delle Coste LIC). 



The salt marsh south to the  
Touristic village “Ippocampo” (Manfredonia)  
(Caldara et al., 2014) 



Tasso di 
subsidenza 

GPS 

Tasso di 
subsidenza 
tettonica 

Tasso di 
subsidenza 
isostatica 

Tasso di erosione 
costiera 

Variazione 
eustatica attesa 

al 2100 
IPCC RCP8.5 

(2014) 

Innalzamento 
relativo del 

livello del mare 
al 2100 

Potenziale sommersione delle 
aree costiere 

Variazione eustatica +  
movimenti verticali +  

erosione costiera 

Scenario locale di inalzamento del 
livello del mare al 2100 

(IPCC, 2014) 



Brindisi airport 

400 m 

N 

Tasso di uplift 
(mm/yr) 

Rebound  isostatico 
(mm/yr) 

Proiezione del livello 
del mare al 2100  
IPCC 8.5 max (m) 

Livello del mare 
al 2100 (m) 

Sea surge 
(m) 

 

Altezza d‘onda 
(H0 in m) 

+0,08 -0,45 +0,970 +1,007 +0,3 3,2 





Legend

Submerged surfaces in multi-times scenario

2040 2060 2080 2100

Submersion scenario 

up to 2010 

Penetrazione del livello del mare nel 2100 oltre i 3.5 km nell’entroterra 

Sommersione attesa per Zapponeta. Sommersione attesa per il Litorale Sud di 

Manfredonia e Ippocampo. 



Potenziale sommersione 
delle aree costiere 

Inondazione futura da 
mareggiata 

Oltre 45 km2 di superficie inondabile nel 2100 

Sommersione ed inondazione prevista per il 

Litorale Sud di Manfredonia e Ippocampo. 

Sommersione ed inondazione prevista per 

Zapponeta. 

Hrms = 3.25 m 

Marea = 0.25 m 

Storm surge = 0.7 m 

Legend

Submerged surfaces in multi-times scenario

2040 2060 2080 2100



… not forgetting  
for the possibility of a tsunami 

Tohoku tsunami 
Sendai Plain, Japan  
(April 11, 2011) 

Scilla, Reggio Calabria 
(February 6, 1783) 
(from:  
Graziani et al, 2006, NHESS) 
 



Morale 
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… to manage we need know, 

to know we must study … 



This is an Italian contribution to the Project IGCP 936 

 “Sea level changes from minutes to millennia” 

giuseppe.mastronuzzi@uniba.it 

gimastronuzzi@libero.it 

 

Thank you 

Associazione Italiana  

di Geografia Fisica e Geomorfologia 



The presentation has been produced for the 

sole purpose of scientific dissemination 

and it is not commercially available. 

 

The slides shown are personal or of 

mentioned authors or took from the web. 

 

If they are entered omitting the source, 

please point the inaccuracy of the 

presentation to the author 


