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HOW
DID
NEMERTE

BEGIN?

A fascinating story involving ocean models and HPC




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

¢ Cooling

‘ 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
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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 Bathymeftry




Strait of Gibraltar Background: Physics

Strong mixing and entrainment mainly driven by the
very intense tides.
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Figure 2. Transect of the Strait [From Arm: and Farmer, Farmer and Armi. 1988)
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Strait of Gibraltar Background: Hydraulics

Mass Conservation
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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.




Question & Motivation in the NEMERTE project

Climate models, both global and regional, represent the

Strait of Gibraltar like a rectangular pipe & notides
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Question & Motivation in the NEMERTE project

Climate models, both global and regional, represent the

Strait of Gibraltar like a rectangular pipe & notides
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Answer: Direct simulation of the Strait at high resolution
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Effects of high resolut:on at Gibraltar in a 1/8° Mediter. model
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Sannino et al. 2009, “An eddy-permitting model of the Mediterranean Sea
with a two-way grid refinement at the Strait of Gibraltar”. Ocean. Modeling




Effects of high resolution at Gibraltar in a 1/8° Mediter. model
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Effects of high resolution at Gibraltar in a 1/8° Mediter. model
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Effects of high resolution at Gibraltar in a 1/8° Mediter. model

Convection depth in the Gulf of

- Black circles mark the
3 experimentally observed
g convection depth

fk: (Mertens and Schott, 1998).




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 Fisld at depth (m):

5.0

i6.2]
8.1 —'
ia.o-f i
5.8

5.5

58 —5.4 -5
Longttude
10 15 20 25 30
Time {daya)

, Valocity Fisld at depth (m): 250.0

6.2

ia.1

[1-Kd]

iSg

58

-B.C

M

‘{/E

/“{/’“E

}:'(////:_

RS ~|

'r.f"/ /{// ‘,:

et

ety L]

ﬁ’/’ﬁ;/ﬁ"" [

/Qf’f""“.‘

‘,‘.',«///” L

v e |

L E A e, |

ot A A T

e v exif

oy R RS |

=52 —5.8 -5.4 -5.2
Lorgttude

10 15 20 25 30
Time {daya)



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. ise
115
Observed My Predicted My Predicted - Observed .
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Strait of Gibraltar: new 3Layer Hydraulic Theory
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POM model and hydraulics
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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.




MITgecm vs POM : model grids
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ITgcm vs POM : model bathymeftr
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MITgcm model simulation

Y N y: 10 — Timestep: 615600

361

36.0f
2. [ 5
25 - g
B [ £

39 -

35.8:— _:

—6.0 J -5.9 —-E.8 -5.7 —B.6 -55 -5.4
Lol,ﬁageié de
Garrido et al. jgr 2011 Interface depth evolution



vrvidiisccds SAANR RN AR AT T
Hait R
akan . Y
R ] ] | o
\A - i N
2l =
#) eyt D]
w4 il
oo e « u
R I I N I I T B . . e - - - > > ]
o rrraaadaated Naw W aes 4R
bLCCCEXXIYYEY ¥ L ~ ~ -
¢ A AN LLaawRTNY, P L Y S . » o
AhAddarTTY == ~ - “« 4 - “ 4 r
bbbt » TAA4AAN $: & “ “ “
3004080 MgsorAARGe, ek A X & ta —
A i S b o
revv e g v LL2223EFT A4 LA = o
(I FOTOOT Ty S = ~
bev? vershrrer $? o
; ; W (rrer b & % 1 e o W.O
vrevve
:::u..: Wt rrrasdrr s o T N \ml —
Phrraaay S A .v¢,v~.;>yvvvva A v o= x .
ey bETT e M iarsrrr a2 « 4
gL Firecce v s ©
v b AR . A RIS s +
% ..-\x\.x‘m’l 2 Aa a % (D)
v Fidaan w oy v o4 a1 _
v . RIS oo O
v Vaddaaa (R T ETEYY) et ol | .al
5 Vddbaaa IR XE X Y] >4 a2 » —
AAaiaaan IRERS X IXY Y] P —
fadaaaais TS IRAY) ST % ©
ITTYTYOTIN IXREAITTYY A (U]
N X XY IREEXEXERR ST AR
ERRY TN ARRSREERELY o
iy AAARRA AR ARRREXEEE) 9__
PNy TTTTYIN FERAEEI AR
n I Mhandaaan IXTETTYYRYYYY)
S Ahddaaaan NN RR YN
o VIV IETTTTTI EEXE YT RRY RN
gy vevvry ERTY YT T ERRT LI
t LR a4441y aanean YRR YR \W P
AR ERR T AEEXEXTEENEREY) . Ju
o~V Axaaa gy o AEARR R AR X
Ty @ crvvvvrvr YIS B « RETTRRTRPRRRR |
saaagae 5N ERIET LYY TTTTIANY
(=] - o (=] (=]
o o o o o
o (] ~— [3Y] o«
e (w) yideq (w) ydeq
0 _ :
:A\. 1
~ Hre :
© “
8 . &
A 2
*
*” Y .
b yd i 7 :
HIN . 4
Ty ey 3 ‘
ey A ‘.
A7 2 .
P4 A R o
i A y 2
AR 4 :
TR P P
r TR p 5
LR 5 p
e RN
- i e
S o
.
Ty E
=
=
_ @
o
[ =
©
2
2
s 2
~
I
o Pateetres [
i Petretrres
Vi
4:‘ ITYREYYY
4:., hasasnsns NN o)
«- Fasrnasrsny n/—_
V PAdrsatrtay
N e TETTTRY TRV,
..:-..WVMM e ZETTTRYTPRTR
- \\V e ZETTTRYTPRTY
vy ‘-I.“\\\\ ana BAdbadannaine
v e IR PR P PR &
c vy EEXLERY T PRYYY Qw
YYYYYY YNy veyy Pl mmyihbbddnaan
VEYVYYYYYY IEEREE) /2, K« REXTERYTPIT
AN Badsadnsaaina
o
o
Ty -
M (w) uidag (w) yidaq (w) yideq




MITgcm vs POM - Internal bore evolution
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Horizontal current velocity simulated by MITgcm during the arrival of an internal waves train at
TN. (b) Same as (a) simulated by POM. (c) Vertical current simulated by MITgcm during the

same instant of (a). (d) Same as c) simulated by POM.
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Observed and models interface layer thickness
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MITgcm vs POM alongstrait hydraulics
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MITgcm displays a marked along-strait variability associated to the finer description of the
bathymetry. Moreover when both modes are supercritical (a), MITgcm predicts lower values all
along the Strait with respect to POM, except for ES where on the contrary MITgcm exceeds POM.
When the flow is supercritical with respect to just one mode, the major differences are confined
along TN. In particular POM predicts higher frequencies with respect to MITgcm.



MITgcm vs POM alongstrait hydraulics
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MITgcm vs POM alongstrait hydraulics & bore propagation

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 ot
- E
each frame indicate the flow

-
T . o
criticality; zero: subcritical 2
flow; one: only one internal
mode controlled; two: both
internal modes controlled.
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New modeling strategy for the Mediterranean

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

*72 vertical levels

*Tidal forcing (main 4 components)

*Surface atmospheric pressure
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New modeling strategy for the Mediterranean
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Very first NEMERTE 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 3
for ES. ExpT in grey, ExpNT in black g
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Very first NEMERTE 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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Very first NEMERTE Results
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Very first NEMERTE Results

First three EOF for temperature vertically averaged over the upper 150 m
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Very first NEMERTE Results

Temperature Temperature
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Very first NEMERTE Results: Mixed Layer Depth

NO-TIDE



Very first NEMERTE Results
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Very first NEMERTE Results
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= POM (in our implementation) is affected by diapycnal mixing
= Non-hydrostaticity is not needed to reproduce hydraulic controls
= POM resolution is enough (300 m) to reproduce reasonable well the SoG hydraulics

= Both tidal and high resolution at the SoG have affect the modeled MTHC

Regional Climate models represent the

Strait of Gibraltar like a simple pipe without tides

Is it still reasonable?




