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Background geography and history (Horace, Odes 111)
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Background geography and history (Horace, Odes 111)

Quinto Orazio Flacco (latin: Quintus Horatius Flaccus; Venosa, 8 December 65 B.C.
— Roma, 27 November 8 B.C.), known as Orazio (Horace), was a Roman poet.

| [Roma] horrenda late [Rome ] Feared far and

" nomen in ultimas wide, may she spread
. extendat oras, gua her name to the most
e medius liguor secernit distant shores, where
8 Europen ab Afro, ... the straits intervene to
% e separate Europe from
Africa, ...

e ”
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Background geography

Google Earth

Image Landsat/ Copemicus
Data S10, NOAA, U.S. Navy, NGA, GEECO




Strait of Gibraltar Background
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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




Strait of Gibraltar Background: 3D Bathymetry




Mediterranean Thermohaline Circulation (MTHC)

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 A,

'v Eastern Mediterranean Deep water (EMDW)  Heating
‘ Western Mediterranean Deep water (WMDW)

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




Strait of Gibraltar Background: Physics

Strong mixing and entrainment mainly driven by the
very intense tides.
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Image of acoustic backscatter during ebb tide over Camarinal Sill in

the Strait of Gibraltar (Wesson and Gregg, 1994)

A. Sanchez-Roman et al, JGR 2012



Strait of Gibraltar Background: Hydraulics
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Strait of Gibraltar Background: Hydraulics ...an example




Strait of Gibraltar Background: Hydraulics

Submaximal Exchange Maximal Exchange
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If the exchange is subject to one hydraulic control in the western part of the Strait, the regime is
called submaximal, while if the flow exchange is also controlled in the eastern part of the Strait
along TN, the regime is called maximal.

The maximal regime can be expected to have larger heat, salt, and mass fluxes and to respond
more slowly to changes in stratification and thermohaline forcing within the Mediterranean Sea
and the North Atlantic Ocean.




Global climate models

Seasonal means
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Mediterranean sea level reproduced by CMIP5* global models (present climate)

*Coupled Model Intercomparison Project - https://cmip.linl.gov/cmip5/



Questions & Motivation

Climate models, both at global and regional scale,
represent the Strait of Gibraltar like a

rectangular pipe

(°N)

Latitude

Strait of Gibraltar



Questions & Motivation

Climate models, both at global and regional scale,
represent the Strait of Gibraltar like a

rectangular pipe

e |s it reasonable?

e |f NOT, what are
these models
neglecting?

(°N)

Latitude

e |f NOT, what is the
minimum resolution to
adopt for the Strait?




Answer: Direct simulation of the Strait at high resolution
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Sub-basin Model: Cadiz — Gibraltar - Alboran
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Sub-basin Model: Cadiz — Gibraltar - Alboran
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Sub-basin Model: Cadiz — Gibraltar - Alboran

, Valocity Field at depth (m): 250.0
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Sub-basin Model: Cadiz — Gibraltar - Alboran

Tidal Components comparison Tidal Components comparison
Surface elevation Along-strait velocity

135
TABLE 1. Comparison between Observed and Predicted Amplitudes A and Phases P of M, tidal elevation. i
115
Observed Ma Predicted Ms  Predicted - Observed -
Location Latitude Longitude  Aem Pdeg Aem Pdeg  Aem A% Pdeg (u) DCIICI 95
- 85
Tsimplis et al. (1995) E o
£ E
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(b) Model -
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290
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“Calibration.

Max Differences: Max Differences:
Amp: 3.6 cm Amp: 10cm st
Pha: 11° Pha: 20°

Sannino et al.,JPO, 2009 Sanchez-Roman et al., JGR, 2009




Strait of Gibraltar: new 3Layer Hydraulic Theory
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POM model and hydraulics
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Bars indicating the presence of provisional supercritical flow
with respect to one mode (black) and with respect to both _ |
modes (grey) in the three main regions of the Strait: Espartel
Sill, Camarinal Sill and Tarifa Narrow. Lower panel indicates ....|
tidal elevation at Tarifa.
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m Chart of the Strait of Gibraltar showing the principal geographic features.
Areas deeper than 400 m are shaded



POM model and hydraulics

Are the hydraulic results model depended?
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To answer the question the exchange flow simulated by POM has been
compared with the exchange flow simulated by a very high resolution
non-hydrostatic model implemented for the Strait region.
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MITgcm vs POM : model bathymetr
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MITgcm model simulation
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MITgcm vs POM - Internal bore evolution
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Observed and models interface layer thickness
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Strait of Gibraltar Background
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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




MITg

Depth (m)

Evolution of the horizontal
velocity field along longitudinal
Sectionin the middle of the
Strait during the arrival of an
interval wave train to TN.

Elapse time between frames is
1.33 hours. Panels on the top ofg

each frame indicate the flow =
criticality; zero: subcritical &
flow; one: only one internal
mode controlled; two: both
internal modes controlled.
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New modeling strategy for the Mediterranean
*\ariable horizontal resolution

(1/16< up to 1/200<)
*72 vertical levels

*Tidal forcing (main 4
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New modeling strategy for the Mediterranean
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Results: temperature in the Strait

Time series of the vertical minimum
temperature for the years 1963-
1967. Upper panel for the CS and
lower panel for ES. ExpT in grey,
EXpNT in black

6°00' 5°40' 5°;
T

5°00'

% Cobo

5
Trafalgor
N, Punta Gibralfor
Comarinal 3 Y
ghrire Z
=

S

% B Y

13.5
13.4

13.3
13.2
13.1
13.0
12.9

Temperature (C°)

Jan3

13.5
13.4

13.3

36°10'

36°00"

13.1
3.0

mperature (C°)

Time series of the difference
between daily minimum
temperature in CS and in ES filtere
off frequencies higher than 30 days.
ExpT in grey, EXpNT in black.

Sannino et al. 2015
Progress in Ocean.

wso T 12.9

Jan3

35°40'

0.1

0.0

-0.1

-0.2

13.2)}-

Apr3 Jul3 Oct3 Jan4 Aprd Jul4 Octd Jan5 Apr5 Jul5 Oct5 Jan6 Apr6é Julé Oct6
Time (Month Year)

Apr8 Jul3 Oct3 Jan4 Apr4d Jul4 Oct4 Jan5 Apr5 Jul5 Oct5 Jan6 Apr6é Julé Oct6
Time (Month Year)

no-tide

ll[IIllHllll

1111 llllllllllll

TTT

INENENN NN

TTTTTT

Jan3 Apr3 Jul3 Oct3 Jan4 Apr4 Jul4 Oct4 Jan5 Apr5 Jul5 Oct5 Jan6é Apr6 Julé Oct6 Jan7

Time (Month Year)

Jan7

Jan7



Results: salinity in the Strait

Time series of the vertical
maximum salinity for the years

1963-1967. Upper panel for the CS
and lower panel for ES. ExpT in grey,

EXpNT in black
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Results: temperature difference

45N

Temperature difference between the
ExpT and ExpNT. Data are vertically 1
averaged between the upper layer and 4N -
150 m. Time-averaged over the entire 1
simulated period
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Results: salinity difference

Salinity difference between the ExpT
and ExpNT. Data are vertically averaged
between the upper layer and 150 m.
Time-averaged over the entire simulated
period

Salinity difference between the ExpT
and ExpNT. Data are vertically averaged
between 150 m and 500m. Time-
averaged over the entire simulated
period

Sannino et al. 2015
Progress in Ocean.
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Results: surface circulation
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Results: Mixed Layer Depth

Mixed layer depth (m

NO-TIDE

Naranjo et al . Progress in Oceanography (2014)



Results: Water formation rate in the Gulf of Lion
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A longer simulation
Is on the way
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Turkish Strait System Background
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Turkish Strait System Background: 2-layer circulation

Dardanelles
Strait

<
)

Marmara
Sea
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upper layer circulation
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Besiktepe et al. 1994




Turkish Strait System Background: surface circulation

29 April 2013




Turkish Strait System Background: surface circulation

26 April 2013 27 April 2013
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Turkish Strait System Background: Previous modeling attempts

The Turkish straits system is a complex environment characterized by
highly contrasting properties in a region of high climatic variability.

An all time challenge is the modeling of the entire system:
Dardanelles — Maramara Sea — Bosphorous.

— e ——— ]
200 0 200 400 600 800 1000 1200 1400 1600

oAl (i) Question:

can we use state-of-art

« finite difference model to
reproduce correctly the
TSS circulation?




Turkish Strait System Background: Bathymetry
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Turkish Strait System: our finite difference modeling approach

W. : - .|

Model choice 0 10 20 30 40 50 §0 70 80 90 100110
depth (m
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Application to the most challenging place of the TSS
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Bosphorus Modeling:

Model Grid

Dx = 50-200m
Dy = 50-325m
L=11,500m

M =61,475m
Min Depth=25m

ROMS
Dz=0.7-2.9m
Grid Size=163x716x35

MITgcm
Dz=1.4m
Grid Size=163x716x70

Two Models - One Model configuration
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Bosphorus Modeling: Two Models — One setup
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Bosphorus Modeling: Results & Model inter-comparison
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Bosphorus Modeling: ROMS and MITgcm validation

COMPARISON with OBS. DATA
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Bosphorus Modeling: ROMS and MITgcm validation

COMPARISON with OBS. DATA
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Turkish Strait System: our modeling approach

e

Model choice 0 10 20 30 40 50 §0 70 80 90 100110
depth (m)

28'55' 29°00' 29°05' 20°10'

[ [} [} | ] ] __ N - ] [___] [__]
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Application to the most challenging place of TSS

z-level o
MITgcm level
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Performances
Comparison

Similar results
(slightly better MITgcm)
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Turkish Strait System (TSS) model: unique grid - variable resolution

MITgem ]

Dx= 35m-500m
Dy =60m-1000m
Grid Size=1728x648x100

I T [ I
28°45'E 28°50'E 28°55'E 29°E 29°5'E  29°10'E 29°15'E

11

0 825 16.5 2475 33 41.25 495 57.75 66 74.25 825 90.75 99 107.25

29°E 30°E
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1000 1100 1200 1300 1400
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The extreme environment has been represented as a whole and with the full details of its highly
contrasting properties. The huge computing resources needed to run such an ambitious model
have been provided by the EU initiative PRACE (Partnership for Advanced Computing in Europe).



MITgcm TSS model: Initial Conditions

XY sec: 0 __ Depth: Om
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The model is initialized with three different water masses filling the western part of
the domain, the Marmara Sea and the eastern side of the domain respectively, with
vertical profiles selected from CTD casts obtained during the cruise of the R/V B'IL'IM
of the Institute of Marine Sciences in June-July 2013. With the initial condition
specified as lock-exchanges at the two straits, the model is left free to adjust to the
expected two-way exchange.
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Sannino et al.
ODY 2017




XY sec: 0 _— Depth:
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Surface salinity
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Three experiments were conducted to study the sensitivity of the circulation to different net barotropic flows:
5600, 9600, 18000, and 50000 m3/sec




TSS model: along straits section

Model results will be shown along the black line indicated in the figure
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MITgecm TSS model: Bosphorus along-strait salinity field
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MITgcm TSS model: sea level anomaly field
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MITgcm TSS model: TSS cross-section salinity field
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TSS model: Bosphorus transport — Model vs Observations

Lower—layer Flux Q, (10°m?3/s)

symbols: (UL=upper layer LL=lower layer)
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TSS model: Bosphorus transport — Model vs Observations

Lower—layer Flux Q, (10°m?3/s)
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TSS model: Bosphorus transport — Model vs Observations

Lower—layer Flux Q, (10°m?3/s)

50 - symbols: (UL=upper layer LL=lower layer) v F 50
Sannino et al. UL LL  source o
ODY 2017
v v ADCP measurements, 1991-1995 v —
o 0 Merz measurements, 1917-1918 I Q
40 1 -40 g
i ™
o
b
N
30 - v -30 O
. vv L é
Y L
g © w  Lower layer blocked -
20 1 Upper layer blocked < W v 20 O
<> L
Y vvégyg ®©
VAY S V VW l
& O w ¥ ()
] O o i o
10 - W e @ Oy 10 O
1 <> %0 B D
s © @ o8 Y \/
© v oo%" g
- g ¢V W % &Y %
S TV v
v V.V VW
0 T 1 L <|>' 1 1 T |%| LA R 0
-50 -40 -30 -20 -10 0 10 20 30 40 50

Net-flux, Q = Q,-Q, (10°m?/s)




Global climate models

Seasonal means
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First Black Sea —-Mediterranean model with a “realistic’ connection

Bathymetry
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First Black Sea —-Mediterranean model with a “realistic’ connection

Conclusions and Future Work

Sea Surface Height
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Mediterranean-Black Sea forecasting system
Forecast for 00:00 GMT 04 Nov 2017

Mediterranean Sea, 1 meter under the sea surface
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First Black Sea —-Mediterranean model with a “realistic’ connection
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First Black Sea —-Mediterranean model with a “realistic’ connection

NEMO DATA z Hour 0 from be¢
Messina strait, 1 mbsl ENEA MITO § .

12:30 GMT 19 Mar 2018 Messina strait, 1 mbsl ;

20180320 h-INGV~PSAL-MFse: 00:00 GMT 19 Mar 2018

t=00 40°N

39°N

38°N

37°N




«.L0 be continued

I 71/URSDAY |3 OCTORER

12:40-13:00 A high-resolution, tide-including model of the Mediterranean Sea-Black Sea system

M. Palma, R. lacono, A. Bargagli, A. Carillo, E. Lombardi, E. Napolitano, G. Pisacane,
G. Sannino, M. V. Struglia

ENEA, C.R. Casaccia, SSPT-MET-CLIM, Roma, Italy



References

Sannino, G., Sozer, A. & Ozsoy, E. A high-resolution modelling study of the Turkish Straits System. Ocean Dynamics (2017) 67: 397.
doi:10.1007/s10236-017-1039-2.

Sannino, G., Carillo, A., Pisacane, G., Naranjo, C. On the relevance of tidal forcing in modelling the Mediterranean thermohaline circulation
(2015) Progress in Oceanography, 134, pp. 304-329. DOI: 10.1016/j.pocean.2015.03.002. ISSN: 00796611

Naranjo, C.,Garcia-Lafuente, J., Sannino, G.,Sanchez-Garrido, J.C. How much do tides affect the circulation of theMediterranean Sea? From
local processes in the Strait of Gibraltar to basin-scale effects (2014) Progress in Oceanography, 127, pp. 108-116. ISSN: 00796611
Sannino, G., Garrido, J.C.S. Liberti, L., Pratt, L. Exchange flow through the strait of gibraltar as simulated by a s-coordinate hydrostatic
model and a z-coordinate non hydrostatic model (2014). In book: The Mediterranean Sea: Temporal Variability and Spatial Patterns.
Editors: G. Borzelli, M. Gacic, P. Lionello, P. Malanotte-Rizzoli. American Geophysical Union. pp. 25-50. ISBN: 978-1-118-84734-3.

Garcia Lafuente, J.,Bruque Pozas, E., Sanchez Garrido, J.C., Sannino, G., Sammartino, S. The interface mixing layer and the tidal dynamics
at the eastern part of the Strait of Gibraltar (2013) Journal of Marine Systems, 117-118, pp. 31-42. ISSN: 09247963

Sanchez-Garrido, J. C., G. Sannino, L. Liberti, J. Garcia Lafuente, and L. J. Pratt (2011): Numerical modelling of three-dimensional stratified
tidal flow over Camarinal Sill, Strait of Gibraltar. J. Geophys. Res., VOL. 116, C12026, doi:10.1029/2011JC007093. ISSN: 21699291

Sannino G., Herrmann M., CarilloA., Rupolo V., Ruggiero V., Artale V. Heimbach P. (2009), An eddy-permitting model of the Mediterranean
Sea with a two-way grid refinement at the Strait of Gibraltar. Ocean Modelling, Vol 30, 1, 56-72. DOI: 10.1016/j.ocemod.2009.06.002.
ISSN: 14635003

Sanchez Roman A., G. Sannino, Garcia-Lafuente, A. Carillo, F. Criado-Aldeanueva (2009),Transport estimates at the western section of the
Strait of Gibraltar: a combined experimental and numerical modeling study, Journal of GeophysicalResearch, Vol 114, C06002, DOI:
10.1029/2008JC005023. ISSN: 21699291

Sannino G., A. Carillo, L. Pratt (2009), Hydraulic criticality of the exchange flow through the Strait of Gibraltar, J. of Physical Oceanography,
Vol 39, 11, 2779-2799. DOI:10.1175/2009JPO4075.1. ISSN: 00223670

Sannino (2008),Time-spatial variability observed in velocity of propagation of the internal bore in the Strait of Gibraltar, Journal of
Geophysical Research, Vol 113,C07034, doi:10.1029/2007JC004624. ISSN: 21699291

Garcia-Lafuente, J., A.Sdnchez Roman, G. Diaz del Rio, G. Sannino, and J. C. Sanchez Garrido (2007), Recent observations of seasonal
variability of the Mediterranean outflow in the Strait of Gibraltar, Journal of Geophysical Research,Vol 112,
C10005,d0i:10.1029/2006JC003992. ISSN: 21699291

Sannino G., A. Carillo, V. Artale(2007), Three-layer view of transports and hydraulics in the Strait ofGibraltar: A three-dimensional model
study, Journal of Geophysical Research,112, C03010, doi:10.1029/2006JC003717. ISSN: 21699291

Sannino G., A. Carillo, V. Artale,V. Ruggiero and P. Lanucara (2005), Flow regimes study within the Strait of Gibraltar using an high
performance numerical model, Il Nuovo Cimento, Vol. 28,Issue 02, DOI:10.1393/ncc/i2005-10177-2. ISSN: 11241896

Sannino G., A. Bargagli and V.Artale (2004), Numerical modeling of the semidiurnal tidal exchange through theStrait of Gibraltar, Journal of
Geophysical Research, Vol. 109, C05011,d0i:10.1029/2003JC002057. ISSN: 01480227

Sannino G., A. Bargagli and V. Artale(2002), Numerical modeling of the mean exchange through the Strait of Gibraltar, Journal of
Geophysical Research, Vol. 107, NO. C8, 3094,10.1029/2001JC000929. ISSN: 01480227



