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IPCC Assessment Report 5 (AR5) - 2014 

AR5 provides a clear and up to date view of the current state of scientific 
knowledge relevant to climate change. It consists of three Working Group (WG) 
reports and a Synthesis Report (SYR). Further information at www.ipcc.ch 

IPCC reports are the result of extensive work from scientists around the world. 
 
The IPCC’s reports are considered the most authoritative scientific assessments on 

climate change in the world and are produced through the involvement of thousands 
of scientists worldwide. 

 



IPCC Assessment Report 5 - Observed Climate Change  

Observed Changes and their causes 

Observations of the climate system are based on direct 
measurements and remote sensing from satellites and 
other platforms.  
Global-scale observations from the instrumental era 

began in the mid-19th century for temperature and other 
variables, with more comprehensive and diverse sets of 
observations available for the period 1950 onwards. 
Paleoclimate reconstructions extend some records back 

hundreds to millions of years. Together, they provide a 
comprehensive view of the variability and long-term 
changes in the atmosphere, the ocean, the cryosphere, 

and the land surface. 
 

Warming of the climate system is unequivocal, and since 
the 1950s, many of the observed changes are 
unprecedented over decades to millennia. The 
atmosphere and ocean have warmed, the amounts of 
snow and ice have diminished, sea level has risen, and 
the concentrations of greenhouse gases have 
increased. 



Observed Changes and their causes 

IPCC Assessment Report 5 - Observed Climate Change  

(a) Annually and globally averaged combined land and 
ocean surface temperature anomalies relative to the 
average over the period 1986 to 2005. Colors indicate 
different data sets.  
 
(b) Annually and globally averaged sea level change 
relative to the average over the period 1986 to 2005 in the 
longest-running dataset. Colors indicate different data sets. 
All datasets are aligned to have the same value in 1993, the 
first year of satellite altimetry  data (red). Where assessed, 
uncertainties are indicated by coloured shading.  
 
(c) extent of Arctic July-August-September (summer) 
average sea ice. 
 
(d) change in global mean upper ocean (0–700 m) heat 
content aligned to 2006�2010, and relative to the mean of 
all datasets for 1970 change in global mean upper ocean 
(0–700 m) heat content aligned to 2006�2010, and relative 
to the mean of all datasets for 1970. 

(c) 

(d) 



(a) Annually and globally averaged combined land and 
ocean surface temperature anomalies relative to the 
average over the period 1986 to 2005. Colors indicate 
different data sets.  
 
(b) Annually and globally averaged sea level change 
relative to the average over the period 1986 to 2005 in the 
longest-running dataset. Colors indicate different data sets. 
All datasets are aligned to have the same value in 1993, the 
first year of satellite altimetry  data (red). Where assessed, 
uncertainties are indicated by coloured shading.  
 
(c) Atmospheric concentrations of the greenhouse gases 
carbon dioxide (CO2, green), methane (CH4, orange) and 
nitrous oxide (N2O, red) determined from ice core data 
(dots) and from direct atmospheric measurements (lines).  
Indicators: 
  
(d) Global anthropogenic CO2 emissions from forestry and 
other land use as well as from burning of fossil fuel, cement 
production and flaring.  Cumulative emissions of CO2 from 
these sources and their uncertainties are shown as bars and 
whiskers, respectively, on the right hand side. The global 
effects of the accumulation of CH4 and N2O emissions are 
shown in panel c. 
 

Observed Changes and their causes 
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Observed Changes and their causes 

Observations of the climate system are based on direct 
measurements and remote sensing from satellites and 
other platforms.  
Global-scale observations from the instrumental era 

began in the mid-19th century for temperature and other 
variables, with more comprehensive and diverse sets of 
observations available for the period 1950 onwards. 
Paleoclimate reconstructions extend some records back 

hundreds to millions of years. Together, they provide a 
comprehensive view of the variability and long-term 
changes in the atmosphere, the ocean, the cryosphere, 

and the land surface. 
 

Human influence on the climate system is clear, and 
recent anthropogenic emissions of green-house gases 
are the highest in history. Recent climate changes have 
had widespread impacts on human and natural systems. 



Questo grafico, basato sul confronto di campioni di bolle di aria contenute nelle carote di ghiaccio e misure più recenti 
dirette, fornisce la prova che la CO2 atmosferica è aumentata a partire dalla Rivoluzione Industriale. (Credit: Vostok 
carota di ghiaccio di dati / JR Petit et al .; NOAA Mauna Loa record di CO2) 



Livelli di CO2 atmosferica in questi ultimi anni, con ciclo 
stagionale rimosso.  

Anidride Carbonica 
Ultima misura: ottobre 2015  

401.58 ppm  

Andamento parametri climatici globali  



Distribuzione globale e variazione della concentrazione di 

anidride carbonica a metà troposfera in parti per milione (ppm).  

Anidride Carbonica 
Ultima misura: ottobre 2015  

401.58 ppm  
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Source: CDIAC; NOAA-ESRL; Houghton et al 
2012; Giglio et al 2013; Joos et al 2013; 
Khatiwala et al 2013; Le Quéré et al 2014; 
Global Carbon Budget 2014 

Contributi cumulativi del budget totale di anidride carbonica 
dal 1870. I contributi sono mostrati in parti per milione (ppm) Anidride Carbonica 

Ultima misura: ottobre 2015  

401.58 ppm  
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I primi quattro emettitori nel 2013 coprono 58% delle emissioni 
globali: Cina (28%), Stati Uniti (14%), EU28 (10%), India (7%) 

Anidride Carbonica 
Ultima misura: ottobre 2015  

401.58 ppm  

Andamento parametri climatici globali  

Source: CDIAC; Le Quéré et al 2014; Global Carbon Budget 2014 
 



Variazione di temperatura superficiale globale rispetto alle temperature 
medie del periodo 1951-1980. I 10 anni più caldi si sono verificati a partire 
dal 2000, con l'eccezione del 1998. L'anno 2014 classifica come il più 
caldo mai registrato. (Fonte: NASA / GISS). 

Temperatura Globale 
Ultima misura: 2014  

0.75 °C 
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Variazione di temperatura media della superficie terrestre dal 1884 al 2014. 
(Fonte: NASA / GISS). 
 

Temperatura Globale 
Ultima misura: 2014  

0.75 °C 
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Ghiaccio marino Artico 
ULTIMA	MISURA:	2014		

Il ghiaccio marino artico raggiunge il suo minimo nel mese di 
settembre. Attuallmente Il ghiaccio marino artico a settembre sta 
diminuendo ad un tasso del 13,3 per cento per decennio, rispetto alla 

media 1981-2010. Il grafico qui sopra mostra l’estensione dell'Artico nel 
mese di settembre dal 1979, derivato da osservazioni satellitari. 

L'estensione 2012 è il più basso del record satellitare. 

Minima estensione dei ghiacci annuale dal 1979. Ricostruzione 
basata su dati satellitari. 
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Ghiaccio Terrestre 
ULTIMA MISURA: 2014  

I dati del satellite della NASA GRACE mostrano che I ghiacciai sia in Antartide che in Groenlandia stanno perdendo massa. Il 
continente Artico (grafico a sinistra) ha perso circa 134 miliardi di tonnellate di ghiaccio ogni anno dal 2002, mentre la calotta 
glaciale della Groenlandia (a destra) ha perso circa 287 miliardi di tonnellate l'anno. (Fonte: dati satellitari GRACE) 

Andamento parametri climatici globali  



Livello del mare 
ULTIMA MISURA: Agosto 2015 

66.91 mm  
  

Sea level rise is caused primarily by two factors related to 
The added water from melting land ice and the expansion 
of sea water as it warms. The above chart, derived from 
coastal tide gauge data, shows how much sea level 
changed from about 1870 to 2000.  

This chart tracks the change in sea level since 1993 
as observed by satellites. 
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Livello del mare 
ULTIMA MISURA: Agosto 2015 

66.91 mm  
  

Andamento parametri climatici globali  

Changes	in	any	one	of	the	components	or	processes	shown	will	
result	in	a	sea	level	change.		

Source:	Cazenave,	A.,	and	G.	Le	Cozannet	(2013),	Sea	
level	rise	and	its	coastal	impacts,	Earth’s	Future,	2,	15–
34.		



El Niño 2015 

In this side-by-side visualization, Pacific Ocean sea surface height anomalies during the 1997-98 El Niño 
(left) are compared with 2015 Pacific conditions (right). The 1997 data are from the NASA/CNES Topex/
Poseidon mission; the current data are from the NASA/CNES/NOAA/EUMETSAT Jason-2 mission. Credit: 
NASA/JPL-Caltech. 

Andamento parametri climatici globali  
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Observed Changes and their causes 

Observations of the climate system are based on direct 
measurements and remote sensing from satellites and 
other platforms.  
Global-scale observations from the instrumental era 

began in the mid-19th century for temperature and other 
variables, with more comprehensive and diverse sets of 
observations available for the period 1950 onwards. 
Paleoclimate reconstructions extend some records back 

hundreds to millions of years. Together, they provide a 
comprehensive view of the variability and long-term 
changes in the atmosphere, the ocean, the cryosphere, 

and the land surface. 
 

Human influence on the climate system is clear, and 
recent anthropogenic emissions of green-house gases 
are the highest in history. Recent climate changes have 
had widespread impacts on human and natural systems. 



Impacts of climate change 

IPCC Assessment Report 5 - Observed Climate Change  

Comparison of observed and 
simulated climate change. Anomalies 
are given relative to 1880–1919 for 
surface temperatures, 1960–1980 for 
ocean heat content and 1979–1999 for 
sea ice. All time-series are decadal 
averages, plotted at the centre of the 
decade. Model results shown are from 
CMIP5 multi-model ensemble ranges, 
with shaded bands indicating the 5 to 
95% confidence intervals.  

Human influence on the climate system is clear, 
and recent anthropogenic emissions of green-
house gases are the highest in history. Recent 
climate changes have had widespread impacts 

on human and natural systems. 



Questo grafico, basato sul confronto di campioni di bolle di aria contenute nelle carote di ghiaccio e misure più recenti dirette, 
fornisce la prova che la CO2 atmosferica è aumentata a partire dalla Rivoluzione Industriale. (Credit: Vostok carota di ghiaccio di dati / 

JR Petit et al .; NOAA Mauna Loa record di CO2) 

Andamento parametri climatici globali  

Andamento CO2 



Andamento parametri climatici in ITALIA  

  

Serie delle anomalie di temperatura media globale sulla terraferma e in Italia, rispetto 
ai valori climatologici normali 1961-1990. Fonti: NCDC/NOAA e ISPRA. Elaborazione: 
ISPRA.  
 

Temperatura media 



Andamento parametri climatici in ITALIA  

  

Serie delle anomalie medie annuali della temperatura minima e massima in Italia rispetto al valore normale 1961-1990. 
Elaborazione: ISPRA.  



Andamento parametri climatici in ITALIA  

    

Serie delle anomalie medie stagionali della temperatura 
media in Italia rispetto al valore normale 1961-1990. 
Elaborazione: ISPRA.  



Andamento parametri climatici in ITALIA  

    

Serie delle anomalie medie annuali del numero di giorni 
con onde di calore (WSDI) in Italia rispetto al valore 
normale 1961-1990. Elaborazione: ISPRA.  

Serie delle anomalie medie annuali del numero di notti 
tropicali in Italia rispetto al valore normale 1961-1990. 
Elaborazione: ISPRA.  

Serie delle anomalie medie annuali del numero di giorni 
con gelo in Italia rispetto al valore normale 1961-1990. 
Elaborazione: ISPRA.  



Future Climate Changes, Risks and Impacts 

Continued emission of greenhouse gases will cause further 
warming and long-lasting changes in all components of 
the climate system, increasing the likelihood of severe, 
pervasive and irreversible impacts for people and 

ecosystems. Limiting climate change would require 
substantial and sustained reductions in greenhouse gas 
emissions which, together with adaptation, can limit 
climate change risks. 

IPCC Assessment Report 5 - Projected Climate Change  



Future Climate Changes, Risks and Impacts

IPCC Assessment Report 5  - Projected Climate Change  

Representative Concentration Pathways (RCPs) 
are four greenhouse gas concentration (not 
emissions) trajectories adopted by the IPCC for its 
fifth Assessment Report (AR5) in 2014 

¨  Set of four new scenarios defined by the scientific 
community for the Fifth IPCC Assessment Report.  

¨  Four RCPs include: 

¨  one mitigation scenario leading to a very low 
forcing level (RCP2.6), 

¨  two stabilization scenarios (RCP4.5 and RCP6), 
and  

¨  one scenario with very high greenhouse gas 
emissions (RCP8.5). 

¨  RCPs represent a range of 21st century climate 
policies. 



IPCC Assessment Report 5 - Projected Climate Change  

(A) Atmospheric CO2 scenario. (B) projected global 
mean surface temperature change as simulated by Earth 

System Models of Intermediate Complexity (EMICs) for the 
4 RCPs up to 2300 (relative to 1986–2005) followed by a 

constant (year 2300 level) radiative forcing. (C) Sea-level 
change projections. The bars in (C) show the maximum 

possible spread that can be obtained with the few 
available model results (and should not be interpreted as 

uncertainty ranges). These models Likely underestimate 
the Antarctica ice sheet contribution, resulting in an 
underestimation of projected sea-level rise beyond  2100.  

Future Climate Changes, Risks and Impacts
Representative Concentration Pathways (RCPs) 
are four greenhouse gas concentration (not 
emissions) trajectories adopted by the IPCC for its 
fifth Assessment Report (AR5) in 2014 



IPCC Assessment Report 5  - Projected Climate Change: surface 
temperatude  

Projected Change in Average Surface Temperature 

Future Climate Changes, Risks and Impacts
Representative Concentration Pathways (RCPs) 
are four greenhouse gas concentration (not 
emissions) trajectories adopted by the IPCC for its 
fifth Assessment Report (AR5) in 2014 



IPCC Assessment Report 5  - Projected Climate Change: precipitation  

Projected Change in Average Surface Temperature 

Future Climate Changes, Risks and Impacts
Representative Concentration Pathways (RCPs) 
are four greenhouse gas concentration (not 
emissions) trajectories adopted by the IPCC for its 
fifth Assessment Report (AR5) in 2014 



IPCC Assessment Report 5 - Projected Climate Change: precipitation  

Projected Change in Artic sea ice extent 

Future Climate Changes, Risks and Impacts
Representative Concentration Pathways (RCPs) 
are four greenhouse gas concentration (not 
emissions) trajectories adopted by the IPCC for its 
fifth Assessment Report (AR5) in 2014 



IPCC Assessment Report 5 - Projected Climate Change: precipitation  

Future Climate Changes, Risks and Impacts
Representative Concentration Pathways (RCPs) 
are four greenhouse gas concentration (not 
emissions) trajectories adopted by the IPCC for its 
fifth Assessment Report (AR5) in 2014 

Source: CDIAC; Le Quéré et al 2014; Global Carbon Budget 2014 



Tools to Predict and Project Changes in the Climate 

• A climate prediction or climate “forecast” is an attempt to produce an estimate 
of the actual evolution of the climate in the future. 

Climate Prediction 

• Emissions scenarios describe future releases to the atmosphere of greenhouse 
gases, aerosols, and other pollutants and, along with information on land use and 
land cover, provide inputs to climate models. 

Emissions Scenario 

• A numerical representation of the climate system based on the physical, 
chemical and biological properties of its components, their interactions and 
feedback processes, and accounting for some of its known properties.  

Climate Model 

• A climate projection is the simulated response of the climate system to a scenario 
of future emission or concentration of greenhouse gases and aerosols, generally 
derived using climate models. 

Climate Projection 



• A numerical representation of the climate system based on the physical, 
chemical and biological properties of its components, their interactions and 
feedback processes, and accounting for some of its known properties.  

Climate Model 

Comprehensive three-dimensional coupled models resolving the atmosphere, ocean, land and sea ice 
can be used to make projections on smaller scales and for quantities other than temperature.  
 
A climate model is based on a system of differential equations describing physics, fluid motions and 

chemistry. In order to solve the equations, the planet is divided into a 3-dimensional grid on which the 
equations are discretized. The time dependent solution is then calculated numerically with the aid of a 
computer code.  
 

Source: ETH 

Tools to Predict and Project Changes in the Climate 



Tools to Predict and Project Changes in the Climate 

• A numerical representation of the climate system based on the physical, 
chemical and biological properties of its components, their interactions and 
feedback processes, and accounting for some of its known properties.  

Climate Model 

Comprehensive three-dimensional coupled models resolving the atmosphere, ocean, land and sea ice 
can be used to make projections on smaller scales and for quantities other than temperature.  
 
A climate model is based on a system of differential equations describing physics, fluid motions and 

chemistry. In order to solve the equations, the planet is divided into a 3-dimensional grid on which the 
equations are discretized. The time dependent solution is then calculated numerically with the aid of a 
computer code.  
 

Regional Climate Model 

Global Climate Model 



Development of Global Climate Models (GCMs) over time  

• A numerical representation of the climate system based on the physical, 
chemical and biological properties of its components, their interactions and 
feedback processes, and accounting for some of its known properties.  

Climate Model 

First Assessment Report (1990) 

Second Assessment Report (1995) 

Third Assessment Report (2001) 

Assessment Report 4 (2007) 



Development of Global Climate Models (GCMs) over time  

• A numerical representation of the climate system based on the physical, 
chemical and biological properties of its components, their interactions and 
feedback processes, and accounting for some of its known properties.  

Climate Model 

First Assessment Report (1990) 

Second Assessment Report (1995) 

Third Assessment Report (2001) 

Assessment Report 4 (2007) 

Assessment Report 5 (2014) 



Development of Global Climate Models (GCMs) over time  

• A numerical representation of the climate system based on the physical, 
chemical and biological properties of its components, their interactions and 
feedback processes, and accounting for some of its known properties.  

Climate Model 

Assessment Report 5 (2014) 
The development of climate models over the last 35 years 
 



Med-CORDEX 

CORDEX is a WCRP Project: 
 
The Coordinated Regional Climate Downscaling Experiment (CORDEX) 

Med-CORDEX is one of the 14 regional CORDEX domain. It has been proposed by the 
Mediterranean climate research community as a follow-up of previous and existing 
initiatives.  



Med-CORDEX is a coordinated contribution to CORDEX that is supported 

by HyMeX and MedCLIVAR international programs. 

Med-CORDEX 

Med-CORDEX initiative has been proposed by the Mediterranean climate research community as a 

follow-up of previous and existing initiatives. MED-CORDEX takes advantage of new fully coupled 

Regional Climate System Models (RCSMs).  

 

Med-CORDEX takes advantage of new very high-resolution Regional Climate Models (RCM, up to 10 

km) and of new fully coupled Regional Climate System Models (RCSMs), coupling the various 

components of the regional climate.  



Med-CORDEX database 

The simulations used in this work are  ocean-only regional evaluation runs downloaded 
from  the Med-CORDEX database www.medcordex.eu. 
 



Med-CORDEX database 

The simulations used in this work are  ocean-only regional evaluation runs downloaded 
from  the Med-CORDEX database www.medcordex.eu. 

Institutions Involved 
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Suite di modelli @ SSPT-MET-CLIM 
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Fig. 2 
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Suite di modelli @ SSPT-MET-CLIM 



Andamento parametri climatici in ITALIA – Sea Level  

    

Lambeck	et	al.,	2010	 Antonioli	et	al.,	2015	



WAVE regional model 

Wave energy assessment “very local” 

!

Pantelleria 

Wave energy assessment “local” 

Tidal energy assessment 

Recupero  Energetico del 
MOTo Ondoso (REMOTO) 

Suite di modelli @ SSPT-MET-CLIM 



Mediterranean Hindcast simulation 
tidally driven 

•  Variable horizontal resolution  (1/16° up to 1/200°) 

•  72 vertical levels 

•  Tidal forcing (main 4 components) 

•  Surface atmospheric pressure X - 6 SANNINO ET AL.: SHORT TITLE
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Figure 2: Model grid over the Western Mediterranean Sea.
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Figure 3: Atlantic (black) and Mediterranean (gray) transports computed from the tidal simulation for section at 6.22◦W
(upper panel), 5.76◦W (middle panel) and 5.33◦W (lower panel).

Turkish Strait System 

Sviluppo di modelli @ SSPT-MET-CLIM 



The Mediterranean Sea is a semi-enclosed basin displaying an active thermohaline circulation 

that is sustained by the atmospheric forcing and controlled by the narrow and shallow Strait of 

Gibraltar  

The atmospheric forcing drives the Mediterranean basin toward a negative budget of water 
and heat, and toward a positive budget of salt. Over the basin, evaporation exceeds the sum 
of precipitation and rivers discharge, while through the surface a net heat flux is transferred to 
the overlying atmosphere. Mass conservation in the basin represents the last ingredient 
necessary to activate the MTHC.  

Mediterranean Thermohaline Circulation (MTHC) 



Chart of the Strait of Gibraltar, adapted from Armi & Farmer (1988), 
showing the principal geographic features referred to in the text. Areas 
deeper than 400 m are shaded. 

Espartel Sill
Camarinal Sill

Strait of Gibraltar Background - Topography 

Tarifa Narrow



Strait of Gibraltar Background - Topography 



Image of acoustic backscatter during ebb tide over Camarinal 
Sill in the Strait of Gibraltar (Wesson and Gregg, 1994) 

Strong mixing and entrainment mainly driven 
by the very intense tides. 

semidiurnal constituents and particularly for M2. The opposite behavior
is found in the Atlantic layer, where amplitude increases monotonically
from east to west. Phases of semidiurnal constituents also show such
monotonic characteristic. This behavior was reported by García-
Lafuente et al. (2000) between the eastern exit of the strait and the
main sill of Camarinal and the analysis here not only confirms this result
but also extends it to the western exit of the strait. Between GC and CS,
the amplitude of M2 transport in theMediterranean layer is reduced by
more than 50% while it is nearly 6 times greater in the Atlantic layer at
CS (Table 2). A very clear transfer of the tidal signal from theMediterra-
nean to the Atlantic layer takes place between GC and CS during the
flood tide and vice-versa during the ebb tide. This fact led Bray et al.
(1990) to propose the conceptual model of a membrane-like interface
between CS and GC sections whose role would be the transfer of the
tidal signal from one layer to the other. Phase difference between
these locations in the Atlantic layer indicates that tidal transport propa-
gates fromCS to GC, a fact that is ascribed to the strong baroclinic nature
of the internal tide. An inspection of values in Table 2 indicates that the
same behavior applies between CS and ES sections.

The two-layer sketches presented in Fig. 4 illustrate key aspects of
the tidal dynamics in the strait and explain the aforementioned diver-
gences. Fig. 4.a represents the hypothetical mean exchange and mean
interface position in the absence of tidal forcing. Tidal transports as-
sociated with M2 within each layer (small two-headed arrows with
size proportional to the transport, which is indicated by the numbers
beside) and the total barotropic transport (large arrows with numbers
inside) have been included for ES, CS and GC sections (see Fig. 1 for lo-
cations). Notice that M2 transport by itself (3.1 Sv) would reverse the
mean flow, which is around 0.8 to 1 Sv in each layer (Baschek et al.,
2001; Garcia-Lafuente et al., 2002a; Sánchez-Román et al., 2009), if it
were equally distributed among both layers. This is not the case at the
strait's boundaries because most of the tidal flow moves through the
passive, slow-flowing layer (Mediterranean layer in the east, Atlantic
layer in the west), making them reverse periodically. At these bound-
aries, however, the tidal transport in the active, fast-flowing layers is in-
sufficient to reverse the total flow. In CS the amplitude of M2 in any
layer is greater than 1 Sv and, except for some neap tides, the total
flow in each layer reverses during part of the tidal cycle.

Fig. 4.b sketches the flow during flood tide (thick gray line in the
sea level graph) that implies westward barotropic tidal transport
(thick arrow beside the graph). At this time, the flow is hydraulically
controlled at CS and only a limited volume of the west-going tidal flow
that has flown through GC is able to surpass the sill, the rest remaining
trapped between both sections. Consequently, the interface is pushed up-
ward and forces water in the Atlantic layer to move away from the area.
Part of it moves eastward, thus reducing the amplitude of tidal currents
in the upper layer at GC, but most of it goes on to the west, transferring
the signal from the Mediterranean to the Atlantic layer. Some tidal flow
can be transferred cross-strait reaching the continental shelf of both the
Spanish and Moroccan coasts and promoting some coastal recirculation.
This topic will be addressed in the next section. At the ES section, west
of CS, the Mediterranean flow is also hydraulically controlled. In fact, the
hydraulic control in ES is more permanent than in CS (Sánchez-Román,
2008b; Sannino et al., 2007, 2009) and the reduced fraction of the tidal
transport crossing CS is not even able to overflow ES. Consequently, the
water accumulates in the Tangier basin forcing the flow to change to sub-
critical and originating the well-known internal hydraulic jump down-
stream CS (Armi and Farmer, 1988; Sanchez-Garrido et al., 2008, 2011).
Once more the interface is pushed up displacing the Atlantic water
above toward the Atlantic Ocean and completing the transfer of the
large tidal signal that is observed in the lower layer in the east to the
upper layer in the west. A first guess of the interface vertical excursion
in the Tangier basin is obtained by integrating the equation

S
∂η
∂t ¼ Q2;E−Q2;C ð6Þ

where η is the interface depth, S is its horizontal area assumed constant
and equal to the area at its mean depth in the inter-sill region (160 m),
and Q2,E and Q2,C are the tidal transports in the Mediterranean layer
through the ES and CS sections, respectively. The equation,which is appli-
cable to any constituent, gives a vertical excursion of around 75 m for M2

(35 m for S2), which is an important fraction of the water depth in the
Tangier basin (~500 m).

During ebb tide the situation reverses, but the interpretation is
rather similar. The main difference is the flooding of the hydraulic
control in CS by the end of the flood tide when the tidal current
weakens and the subsequent release of the internal jump that propa-
gates as an internal bore with the associated short-wavelength inter-
nal wave packet to the east (Fig. 4.c). The flooding of CS control allows
the accumulated Mediterranean water in the Tangier basin to flow
eastward, thus reversing the flow in this layer at CS, although part
of the water keeps on flowing westward, smoothing out the ampli-
tude of tidal currents at ES in this layer. The Mediterranean water ac-
cumulated between CS and GC in the previous flood evacuates toward
the Mediterranean through GC, a process favored by the hydraulic
control in Tarifa narrows that prevents the large volume of Atlantic
water moving to the east during the ebb tide to cross the control sec-
tion. As this water accumulates between CS and GC, it pushes down the
interface and forces the Mediterranean water below to flow back

Fig. 4. Two-layer sketch to explain tidal transport divergence in each layer. (a) Plate of the
mean exchange with indication of M2 tidal transport. The mean flow of around 0.8 Sv in
each layer has not been indicated to prevent the figure from being overcrowded with
numbers. (b) Illustration of the flood tide (barotropic tidal current toward the Atlantic
Ocean). (c) The same for ebb tide (tidal current toward the Mediterranean). See text for
a more detailed explanation.
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Strait of Gibraltar Background: Physics 



Climate models, both global and regional, represent the  

Strait of Gibraltar like a rectangular pipe & notides 

Question & Motivation of the modelling work 

Strait of Gibraltar 

•  Are these assumptions 
physically  reasonable? 

•  If NOT, what are these 
models neglecting? 

•  If NOT, what is the 
minimum resolution to 
adopt for the Strait? 



Answer: Direct simulation of the Strait at high resolution  



Answer: Direct simulation of the Straits 



Answer: Direct simulation of the Straits 



Med-CORDEX 

CORDEX is a WCRP Project: 
 
The Coordinated Regional Climate Downscaling Experiment (CORDEX) 

Med-CORDEX is one of the 14 regional CORDEX domain. It has been proposed by the 
Mediterranean climate research community as a follow-up of previous and existing 
initiatives.  



Le proiezioni climatiche nell’area 
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