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Abstract

The Levantine Intermediate Water (LIW) is the wasirend saltiest water resulting
from the dense water formation processes that anaeveral zones of the Mediterranean
Sea. When LIW spreads away from the Levantine siblits core appears as a relatively
sharp peak on a temperature-salinity diagram. Tiaile LIW is circulating and mixing with
surrounding waters, the peak smoothens, thus td&ehing to a temperature (salinity)
maximum above (below) the core. Both maxima haweags been considered as LIW
characteristics in all papers (including ours) wiih) to our knowledge, having never been
analyzed theoretically. Simple computations denratsthat i) these maxima are due more
to the waters above and below LIW than to LIW fis&b that they are evolving in variable
ways, and ii) these maxima generally tend to maueobthe LIW layer, hence having given
to LIW an importance much larger than it actualagshWe thus conclude that, theoretically,
these maxima cannot characterize LIW in any indibé way. As inferred from data
collected at Gibraltar, nothing can be demonstrégethe® maximum but, definitely, the S
maximum cannot be considered as a LIW characteriSharacterizing LIW might be
possible only by associating, year after year,exifip density (near 29.06 kg Hhwith the
LIW core and a specific density range with the LiWitkness.

1. Introduction

The aim of this paper is to present a simple ideaitithe so-called "Levantine
Intermediate Water (LIW) characteristics", not gabwith these characteristics themselves.
If we are right, the results presented in all ppegly published papers (including ours) would
have to be questioned, in particular those papsalrdy with LIW amounts, especially at
Gibraltar. We have thus found useless to cite copteaneous papers dealing with the so-
called LIW characteristics and we just mainly ¢fiese of ours papers that deal with the
functioning of the Mediterranean Sea, the LIW dation in both the eastern and the western
basins and some general features at Gibraltar.

The water deficit in the Mediterranean Sea (O(1jdye to evaporation exceeding
precipitation and river runoff) leads to an infleivAtlantic Water (AW) that circulates as a
density current in the sea, hence alongslope cotlotkwise (see Fig.1,2 of Millot and
Taupier-Letage, 2005a). AW thus circulates firsthi@ southern parts of both the western and
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the eastern basins, which are relatively arid regff Africa, so that its salinity (S)
continuously increases eastwards all year longentslpotential temperatur@)(fluctuates
seasonally. When arriving in the northern partbath basins, wintertime air-sea interactions
with cold and dry air masses blown by violent nerlies mainly cool AW up to increasing its
density so much that it sinks through dense wat@ndtion processes in four major specific
zones (located in Fig.1), either in the open seavection) or on continental shelves
(cascading). Roughly, and a priori in any of thiese zones, AW can be either only cooled,
hence forming intermediate waters, or it can beeghiwith the waters below, hence forming
deep waters. Once formed, these Mediterranean BV@iWs) spread from their formation
zones as density currents as long as they areappdd in a specific basin or subbasin; in
such a case, which practically occurs only fordeep MWs, their upper part can outflow
only when uplifted by denser waters.

In fact, incoming AW is sucked towards these zomlkere dense waters tend to sink,
and it arrives there with different characteristiesr instance, AW arrives in the north of the
eastern basin with S values much larger than wihamives in the north of the western basin,
just because of a longer stay in the southernragibns off Africa. Then, in the eastern basin
and while flowing westwards after the Levantinelsagin (towards the two other zones of
dense water formation in the Aegean and the Adjia®&iW mixes with major freshwater
sources, such as the Black Sea or the P0 rivartdtace its salinity. Therefore, it is clearly
when arriving in the Levantine that S(AW) is thggkest. Roughly, a direct consequence is
that wintertime cooling of such salty water doesmeed to be very intense to have it sinking,
which explains while LIW, the intermediate MW forthim the Levantine, is both salty and
warm. Another intermediate MW is formed in the Aagesubbasin (CIW, the Cretan
Intermediate Water; to our knowledge no intermedMV has been said to be formed in the
Adriatic) but, maybe partly because it has lesgifipecharacteristics, it cannot be followed
easily. On the contrary, the Winter Intermediatet&W&NIW, formed in the Liguro-
Provencal) is clearly identified at Gibraltar (jadtove LIW) by & relative minimum (Millot,
2009). Deep MWs mainly formed in the Aegean andAtigatic are no more differentiated
when outflowing through the channel of Sicily (mbéhey are generally called EMDW, the
Eastern Mediterranean Deep Water) before cascadihg Tyrrhenian, hence forming TDW
(the Tyrrhenian Dense Water, Millot (1999)) thatlwe identified together with WMDW
(the Western Mediterranean Deep Water formed irLitpero-Provencal) at Gibraltar too.
Note that deep MW has already been reported tabsilly formed in the Levantine, but this
does not seem to be actually supported by the assiof the place.

2. The LIW characteristics

It can thus be considered that both the easterirendiestern basins form an
intermediate MW and a deep MW, all four MWs beanast easily identified at Gibraltar:
WIW (from the Liguro-Provencal), LIW (from the Lentine), EMDW/TDW (from both the
Aegean and the Adriatic) and WMDW (from the Liglroavencal). To better understand i)
the specificity given to LIW by its relatively lae@® and S values, ii) its necessary implication
in the formation of all deep MWs as well as iig iixing with either AW or the other MWs,
let us first describe our own view of its circutati(Fig.1). This view was first presented for
the western basin in Millot (1987a,b), in total opjtion to the pioneering view of Wist
(1961) to which most other papers have continugsniag for a while, at least till the late
90's. This view seems to be widely accepted nowaflaghroeder et al., in press).
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We illustrate here below the description of the Liviking and circulation with a
selection 0B-S diagrams (Fig.2) inferred from CTD profiles tieath only provide a rough
idea of the LIW signature and cannot be linkedacheothers since they have been selected in
an almost particular way. We first selected inMEDATLAS data base (MEDAR Group,
2002) areas of ~1° longitude by ~1° latitude cawgthe continental slope in some specific
areas indicated by the coloured triangles in Fig/&é.then extracted the available data and
selected the largest CTD files, i.e. the campadymsg which the largest number of data has
been collected, just hoping to find a larger ch@t®-S diagrams aimed at illustrating our
description; we thus chose data collected in dfieyears. Some of these files obviously still
have numerous errors, others display strangedat)lgalues and we rejected others that
seemingly represent abnormal situations; most ototeria are thus very subjective. The
MEDATLAS data base only contains in situ temperasyuso that we then had to compiite
(andaog, the potential density anomaly) before plottth§ diagrams, as well &z) and S(z),
and selecting profiles; since we have limited cotaponal capacities, this represents for us a
relatively important work that we cannot performaim exhaustive manner. We decided to
select two profiles per area, not to give an ovewof the variability, which would have
necessitated a huge dedicated analysis, but jysetent the reader from associating a
specific profile to a given area; we stopped oled®n as soon as we found two
"convenient” profiles. For all these reasons,@& diagrams in Fig.2 cannot be used for any
in depth analysis.

Before describing the LIW circulation and signafue¢ us just make a remark about
the nature of the AW and MWs density currents, rthieks with the dense water formation
zones and their implication in the functioning loé tsea, all features that are important to
better understand the role of LIW and the consecggenn it9-S signature. Dense water is
formed where wintertime northerlies are blowingnirthe land to the sea, hence roughly in an
on-offshore direction, so that dense water shoalthhinly formed by convection in the
coastal zone (this is obviously the case for caagadHowever, just because of geostrophic
adjustment, dense water tending to sink sucks ceiMater (AW) that tends to flow
cyclonically around the zone where dense watanlsrgy, hence in particular between that
zone and the coast. Because such a geostrophataeéjt, hence the dense water sinking,
has a time scale larger than one year, largesicidensities at the beginning of a given
winter are thus found offshore, which will thenwleere convection will preferentially occur.
But all other waters (AW and the MWSs formed in athenes upstream) naturally tend to
flow alongslope, hence between the continentalestop this specific zone of convection, so
that at least a part of each of them will necebsba involved in the formation of the deep
water in that specific zone. Another major consegads that surface currents do not
necessarily surround the zones of convection, hdac®t form the so-called "gyres". In
particular in the eastern basin, the Asia Minorr€nir (the AW westward flow along the
southern Turkish slope) is sucked not only towangsLevantine, but also towards the
Aegean and the Adriatic, so that it is only a dit that will be involved in the LIW
formation and only a part of this part that wilhteto flow cyclonically around its zone of
formation; whatever the case, the gyre that cduld be formed would be markedly
dissymmetric and much intense alongslope than ofésh

In its zone of formation of the Levantine (patchsefreral light grey profiles in Fig.2),
LIW can hardly be isolated from the waters abowve laglow. We rely on papers such as e.g.
Theocharis et al. (1999) who say that it lies befdW, forming a 50-600-m thick layer with
0 in the range 14.70-16.95 °C and S in the rang®5389.15. In the following, we thus
assume nominal values for LIW in its formation zafd 5.0 °C and 39.0, which are then the
maximum values in mo$tS diagrams hereafter. Deep values there, as watl the other
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areas of the eastern basin, indicate EMDW. As lfataer MWs, LIW first amasses in its
formation zone that must be considered as a resdhad will be refurbished, year after year,
by slightly different water and from which LIW witlontinuously spread as a density current,
hence tending to form a vein flowing alongslopergetclockwise (Fig.1).

Part of it will penetrate through the deep Cretaaits into the Aegean and part of this
part will thus be involved in the formation of tAegean Deep Water, the remainder
outflowing from the Aegean with more or less maglificharacteristics. The other part will
follow the continental slope south of Crete and there (red profiles in Fig.2) that
identifying LIW by a sharp peak is the easiest; boer, note that i) the, S andog values
associated with the peak display a relatively larggability and ii) specifying a LIW
thickness is far from being obvious. Also note thatart of that part can be entrained offshore
by the lerapetra and Pelops anticyclones thatemergted every summer by the Etesians
before being released in the basin interior anchfiog a somehow background of non
circulating LIW (see similar comments for the Alger subbasin). LIW flowing off the
Peloponnese (brown profiles) thus forms a reconguse that has already markedly
modified and variable characteristics but thatlsamecognized neaw = 29.06 kg.nt by an
almost truncated-peak shape; it might be therethiginterfaces between LIW and the waters
above and below could be defined in the more ateunanner as relatively strait mixing
lines (see section 3).

The internal part of the LIW vein (the one clodesthe slope) will then penetrate into
the Adriatic with consequences similar to thosthenAegean for the formation of the
Adriatic Deep Water, while its external part wiijg the Adriatic so that LIW flowing off
southern Italy is still composed of parts having ddferent circuits, hence having different
characteristics and leading to a significant speioporal variability. The orange profiles in
Fig.2 thus still indicate a relatively heterogerebiW and have a relatively sharp shape that
could make identification of LIW still not too difult. Then LIW follows the slope around
Sicily where no dramatic processes occur, so thatirtuous mixing with surrounding waters
gives relatively smooth profiles in magenta (comtins lines) on the right hand side of the
channel (off Sicily) where LIW is mainly locatedhd initial peak near 14.5-15.0°C and 38.9-
39.0 encountered south of Crete that was stilltiied in the northern Ionian by relatively
sharp shapes is now very smoothed and the LIWa@reno more be located. Instead, the
sole identifiable characteristics of the diagramesteaand S maxima, so that a link has always
been made between these maxima and the LIW veiekier, note that profiles on the left
hand side of the channel (off Tunisia, dashed miageres), have specific differences and
similarities. They are different in their upper fpsince LIW is not outflowing there but they
are similar in their lower part where they evide&dDW since it is the water mainly
outflowing there, being pushed away from Sicilylby (Millot and Taupier-Letage, 2005a).
One conclusion is that EMDW is outflowing also be tight hand side of the channel below
LIW. But the other conclusion is that the S maximuvhich appears all across the channel,
can hardly be associated with LIW.

Since the channel of Sicily is relatively wide atekp, LIW does not have to
markedly modify its immersion while crossing it acdntrary to EMDW, LIW does not
markedly cascade in the Tyrrhenian. Furthermormar processes occur in that subbasin,
profiles are still relatively smooth and not verfferent from central Italy (violet) to southern
Sardinia (dark green) where most of the LIW veaw$ while part of it crosses the channel of
Corsica. In the Tyrrhenian, LIW is generally loachjast below AW, which makes still
difficult if not impossible (as often in the eastdrasin) the identification of @maximum
while an S maximum can always de identified. Wheteeng the Algerian, LIW is eroded
from time to time by mesoscale Algerian eddies #ratgenerated by instability processes off
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Algeria and filaments are entrained in the subbawsarior; the dedicated study by Millot and
Taupier-Letage (2005b) is very demonstrative anddcprobably be directly applied to the
lerapetra and Pelops regions. In the Ligurian {lgyeen profiles), LIW starts flowing below
the locally-formed WIW, which is characterized byetative® minimum, so that 8

maximum automatically reappears ... without providamy specific information about the
LIW upper limit. There and in the Provencal, LIWinsolved in the formation of deep water
(WMDW) as it has been in both the Aegean and theafid.

Roughly similar profiles just modified as a conselee of mixing are generally
encountered in the western Balearic (cyan), théhean Alboran up to the entrance of the
strait of Gibraltar (blue) as well as off westerlyéyia (grey). There, the smooth peak is due
to both some part of the LIW vein entrained awayrfithe Spanish slope by AW when it
forms the Almeria-Oran jet, and to the filamentgr@&ned offshore from southern Sardinia by
the Algerian eddies; even though data are lackirghypothesize that similar profiles should
be encountered for similar reasons in the southetastern basin. Now, it must be
emphasized that on the two cyan profiles we sedette chance), th@ and S maxima spread
at depths of 290-360 m, but no more than 20 m a@arthe contrary, on one of the blue
profiles the maxima (at 330-380 m) are 10-40 mtaphile, on the other, the maxima (at
370-510 m) are 100-120 m apart. Similar variabiktpbserved for the grey profiles with
maxima (at 260-400 m) that are 140 m apart on oofgpand maxima (at 340-420 m) that
are 50-80 m apart on the other profile. This jlissirates the huge temporal variability in
these characteristics that must be expected gplang in the sea. Be these characteristics
directly associated with LIW or not, the veins 8fNMWSs, and in particular LIW that
performs the longest course in the sea, can béviedan so many dramatic processes that
they get a necessarily complex and extremely virisignature. At Gibraltar, it is thus
illusory to look for any original seasonal sign&L&WV in particular.

The overall impression one gets when considerirggsiéries 0B-S diagrams is that,
apart from the lonian where they display relativéharp shapes that can probably be
assimilated with interfaces, hence giving a retdyivaccurate definition of the LIW core and
thickness, dramatic changes occur from the chaofrigicily. Mixing leads to a much
smoothed peak and one is (we all have been!) tehptassimilate the tangents to the
diagrams at both th@and S maxima with mixing lines, perversely leadimgise these
maxima as some indication of the LIW thickness anesaying however exactly how and
why! Note that within the sea, the variability bbtwaters encountered above and below LIW
necessarily modifies the shape of 8 diagrams, in particular the occurrence and
immersion of thé and S maxima. Therefore, any definition of the Lil¢kness based on
these maxima will lead to values depending on timesnding waters variability. Whatever
the case, and since "there is plenty of space'imvitie sea, defining the LIW thickness with
theB and S maxima (i.e. with a few 100s metres accyrdags not have major consequences.

This is more hardly acceptable at Gibraltar sirlcether MWs, i.e. (and at least)
WIW, TDW/EMDW and WMDW (see Millot, 2009, submittgdhecessarily have to outflow
there, i.e. through a restricted section so thaanehough specifying the limits of each of
them is not an easy task, such limits must be raccarately specified. Figure 3 shows that
the AW-MWs interface, which must actually be asatead with the depth of the largexiz)
gradient that appears to be very similar to thaheflargest S(z) gradient, can be satisfyingly
associated with given isotherm and isohaline inedgtern part of the strait, at least during the
two valuable GIBEX campaigns we have been analy$ilogv, specifying the interfaces
between the various MWs, in particular those deliimg LIW, has been done up to now from
theB and S distributions only and one can wonder hasviths been made. Considering that
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LIW is limited by the® and S maxima (red dots) leaves enough place aoayéelow for the
other MWSs. However, the immersion of tBenaximum implies that there is another MW
between LIW and AW, which is actually WIW that heesver been considered up to now; and
the immersion of the S maximum implies that the Mivgtow (TDWd and/or WMDW) are
relatively salty. One can also consider the isatfas (isohalines) that define the intermediate
0 (absolute S) maximum in orange. Theaximum has a relatively limited extension and,
even though we cannot demonstrate whether or aatuglly characterizes the upper part of
the LIW layer, it leaves enough space for the Wihv\ee, both waters outflowing on the right
hand side of the strait. However, the S maximumeapgpto regularly spread downwards,
which does not depend on the fact that S is anlatesmaximum since one could have
expected a much variable S(z) gradient there, maxiwalues of that gradient hence possibly
delineating LIW. And associating "relatively larg@??) S values with LIW do leave enough
room for neither TDW/EMDW nor WMDW that have to @atwv below and mainly on the

left hand side of the strait. Therefore, theredjectively no arguments supporting a link
between LIW and any characteristics of the S distron below the S maximum so that one
wonders how isohalines can be (could have beerl tesdelimit the LIW lower part! If
possible, other criteria have thus to be specifse@ Millot, submitted). This analysis about
Gibraltar, together with the realization that weeted, as a student, an idea without having
ever criticized it, motivated the study hereatfter.

3. Simulation of the LIW mixing

Our simulation being made with Excel-type compuwtadiis as simple as possible.
Being especially interested by the evolution oflth&' characteristics as a consequence of
mixing with the surrounding waters, namely A (aboaed B (below), we first consider a
LIW of limited thickness in between relatively tkié. and B layers; but we also considered
A, B and LIW layers having the same thickness (s#ew). More precisely, we consider a
LIW layer of 9 depth units while both A and B h&d@ depth units. We then simulate the
mixing just by averaging (running mean over 7 dapths), at each time step t, theand S
profiles. These specific numbers of depth unit$(®,7) were chosen in order to have i) an
easy location of the mixed value (7 is odd) anthefLIW core (9 is odd), ii) the core of the
LIW layer (at depth level 55) not modified yet mmé step one (9>7, more precisely level 5 in
the LIW layer (the core) >3, the number of levelghat layer modified by the mixing with
either A or B at t=1), iii) a significant evolutiasf the profiles, hence a significant change in
the location of th® and S maxima, within a reasonable number of tir@pss(columns in our
Excel file), iv) the A and B layers not totally miédd by mixing during the analysed period
of time (to make the analysis as simple as pogsilbid=ig.4, number N=1 actually
corresponds to the first time step (t=1) but, fagtical reasons, the other numbers (N=2-5)
correspond to time steps t =5(N-1). Note that dnfy at the beginning of the mixing process,
i.e. when the A-LIW and B-LIW gradients are stélatively large, that the mixing penetrates
in the A and B layers by 3 depth units at each step. Practically, two-digit numbers for the
0 and S values are modified only over ~20 (~10)Iebg ~1% (~10%) in the A and B layers
at time step t=20 (N=5) instead of 60 levels (bB)en though one can estimate the depth
unit to a few tens of m (40-50 m), we are totalhahle to quantify such a time step. Let us
just emphasize that reducing the time step antéontixing intensity, i.e. reducing the
number of averaged depth units (7), will not chalpgsically the results that are obtained
from computations as simple as possible.
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Figure 4a represents what we think is the morermgénase in the western basin at
least, i.e. with the water above (A) being reldinvaol and the freshest while the water
below (B) is relatively fresh and the coolest. BpecificO and S values we have chosen, as
well as the axes scales give to the diagrams avaasymmetrical shape; this has no
specific importance and the diagrams in Fig.5 éotqu with the same scales. The diagrams
show that, at t=1 (N=1), the LIW core is still uned while the upper (lower) parts of the
LIW layer mix, along the classical mixing lines,tvivater A (B), so that both the upper and
lower parts of the LIW layer are cooler and fredtan the core. Understanding the overall
evolution of the LIW characteristics during theatiime steps (N=2,5) is made simple when
considering that the LIW core, on this exampl&lgays more cooled by B than by A, which
is even more the case for the LIW lower part, s Brgest temperatures are found more and
more upwards. The same argument applies for tisbdreng: the core is more freshen by A
than by B, which is even more the case for the WiMger part, so that largest salinities are
found more and more downwards. What appears (aththis could have been easily
intuited) as a fundamental result is the fact thab (S) maximum i) "easily" crosses the A-
LIW (LIW-B) initial interface and ii) continues mavwg regularly upwards (downwards). It is
obviously essential to consider that, whatevemtineng, each layer, in particular LIW, must
keep its initial thickness; otherwise, this wouldeg(has given!) to a water having specific
non-dynamical and S) characteristics an importance not at sfifijad from a dynamical
point of view. All these results are made more exgby Fig.4b,c.

Figure 5a shows the case of layers A, LIW and Brigathe same thickness (limited
to 9 depth units; names are thus AL and BL) and#med and S values as in the former
case (Fig.4a). Results are similar up to N=3 simbpeng is still progressing in the AL and BL
layers. But then, spreading of heat (upwards) aftddownwards) is limited by the AL and
BL thicknesses so that heat accumulates in therygyeof AL while salt accumulates in the
lower part of BL. In this example, tleand S maxima at time step N=5 have reached the las
levels of layers AL (depth unit 1) and BL (deptht&y).

Figure 5b shows the case of thick layers havingtme S(B), hence named A" and B.
The LIW core being freshen in the same way fronvalkend below, it is always associated
with the S maximum. More generally, fresheningtfie LIW layer) and salting (in the A" and
B layers) being symmetric with respect to the LIdfeclevel, S profiles are symmetric with
respect to this level. The LIW layer is much lessled by A' than it is by A, so that tBe
maximum moves more rapidly upwards towards A" @hythan it moves upwards towards A
(Fig.4a). Figure 5c shows the symmetric case witewA and water B' having the same
B(A); with similar arguments, if appears tigprofiles are symmetric with respect to the LIW
core that is thus associated with hmaximum while the S maximum moves rapidly towards
B' (saltier than B).

Figure 5d shows the case of water A" warmer arnteséhan water B; in such a case,
both the® and the S maxima move upwards and out of thainitW layer leading to a total
uncoupling between the initial LIW layer and a latfeat would be associated with tand
S maxima. With water B" warmer and saltier thanewdt (Fig.5e), similar results are
obtained with both maxima moving downwards.

Finally, Fig.5f shows the case of water A™ warraed fresher than LIW, as is often
the case in the eastern basin and the TyrrhenialhsBecause of the values we considered
for A" and B', the LIW core keeps the sapeén general, there is fdmaximum while the S
maximum rapidly evolves below in the B' layer.



0o Noopbhw N P

4. Discussion

To our knowledge, the idea that thand S maxima, generally encountered in the
Mediterranean Sea, especially in the western ba&re characteristics of the warm and salty
LIW layer has never been checked, a fortiori dertrated, by any theoretical simulation. The
very simple one here presented thus aims at motg/atflexions and more sophisticated
simulations.

We assume that everybody has had our own attidgla.student, we got the LIW
image of a "scorpion tail" on@&S diagram (Lacombe and Tchernia, 1960; Tcher®a21
that was continuously eroded due to mixing withgbherounding waters, leading to a smooth
peak that could be characterized onlyggnd S maxima. And, whatever the presentation
given by our professors, we consider ourselvesoresple for having accepted an idea
without having criticized it enough.

According to our simple simulation, it appears tihéd only with a core unmixed yet
that straight mixing lines between LIW and the wst&bove and below can be associated
with interfaces, hence can provide some informagibout the LIW thickness. Practically,
this might be encountered only in the northerndanBut as soon as the core is mixed, hence
in general as soon a®and S maxima appear such as in the channel dy Stoey both
migrate in general upwards and downwards, respagtifirst within the initial LIW layer but
then within the layers above and below. This ocounse or less rapidly according to B«
values and thickness of these surrounding layedswaith some specific sets 6fand S
characteristics, both maxima can theoretically atgeither upwards or downwards.

Nothing can be demonstrated with the available gets.and for both tiand S
maxima in the sea since "there is plenty of spadefining a water thickness with some
erroneous parameter does not have dramatic conssspieBut at Gibraltar, initial amounts
during the dense water formation processes musdtbeved, which can be easily validated
due to the restricted section there. For instaiitd\V represents % of all dense waters
formed in the sea, it must still represent ¥4 ofwlagers outflowing at Gibraltar. There, one
cannot demonstrate whether or not@hmaximum actually characterizes the upper partef th
LIW layer. But, definitely, associating the S maxim with LIW can no more be accepted.
For the 1985-1986 GIBEX data set we have analydefthing LIW by the density range
29.0-29.075 kg.m gives LIW a reasonable amount and realistic diistidns on both sections
and0-S diagrams (Millot, submitted).

Surprisingly, mixing of LIW with the waters abovedbelow, hence with lighter and
denser waters, does not necessarily lead to a chaHange in its initial density. We lack
adequate data like a continuous monitoring of tire ¥alues south of Crete for instance but it
is obvious that LIW is formed year after year, ag ather Mediterranean Water, with
variable characteristics. We do not have precisasdbout either the speed of the LIW vein
as a density current or the intensity of the mixirgncounters all along its course. But, as
suggested by our Fig.2, it might be that, oveth#, LIW core could keep its initial density
(near 29.06 kg.m) for a while. We then could consider its thickndefined by straight
mixing lines (sharp interfaces) as in the nortHeman, and/or associated densities, and
assume, as a first approximation, that this demaitge too is maintained all along its course
in the whole sea.

Whatever the case and what will be found by moegjadte studies and simulations, it
seems to us that the major consequence is thateaflous papers dealing in particular with
the LIW amount have to be questioned. Those ondgrilging LIW with "its"/the® and S
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maxima will just have to be read differently sithese maxima are actual features and just
need to be decoupled from LIW itself. But conclusi@btained by those papers dealing with
computations involving LIW amounts in terms of partages of volume, salt or heat contents
will necessarily have to be reconsidered.

To conclude, and even though we have been desgrilta in a wrong way in all our
papers during all our career, we are happy to hadethe opportunity to demonstrate that
being critic is not necessarily a sign of aggrems@ss but should be a major quality of all of
us!
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Man ... at least from a scientific point of view! Evehough this does not facilitate friendly
relationships within the scientific community, | amure this is the only attitude to have for
being scientifically honest and finally reaching"the Truth"!!
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Figures Captions.

Figure 1. This is essentially (manual drawing) Fe&g8 of Millot and Taupier-Letage
(2005a); basic features in the western basin wesady described by Millot (1987a-b, 1999)
and the thin line represents the 500-m isobath. I9Wecessarily involved in the convection
processes that occur in the Aegean, the Adriatictie Liguro-Provencal subbasins. LIW can
be entrained offshore from its alongslope routetgies such as lerapetra (1), Pelops (P) and
the Algerian eddies (AE), leading to a signaturenotionless LIW in the basins interior. The
parts of LIW that cannot outflow directly throudietchannel of Sicily and the strait of
Gibraltar continue circulating off Africa. The caolieed triangles roughly locate tBeS
diagrams in Figure 2.

Figure 2.6-S diagrams selected as indicated in the texteategl as indicated by the
coloured triangles in Fig.1. In the channel of [gjatontinuous (dashed) magenta diagrams
were collected on the right (left) hand side of thannel. The 29.06 kgfrisopycnal is
indicated to roughly estimate the variation of L/ core density all across the sea and with
a £0.02 interval to provide a density scale.

Figure 3. Adapted from Fig.11 of Millot (2009) aRdt.9,18 of Millot (submitted).
Temperaturef]) and salinity (S) sections near 5°30'E duringdmpaigns #1 and #2 of the
1986 Gibraltar Experiment GIBEX conducted in Mafgprl and September-October,
respectively; the CTD profiles are located by thehid lines as a function of latitude (in °N)
and depths are in km. The 14.0 °C and 38.0 isolioeghly represent the interface between
the AW (in cyan) inflow and the MWs outflow; thisterface is more accurately defined (blue
line) by the largest S(z) ama(z) gradients. In the outflow, the relati@enaxima and absolute
S maxima are marked by red dots; the isolinesideatify these maxima are plotted with
thick (two-digit values) and thin (x 0.005 valudiges leading to specific ranges in orange:
S1(38.4355<38.46)01(13.0456<13.065), S2(38.4355<38.455)p2(12.9%6<13.03).

Figure 4. ap-S diagram for a LIW layer (9 depths units; orangd)etween relatively
thick (50 depth units) A (green) and B (blue) lasyand unmixed values indicated by the big
coloured points. Mixing lines between A and LIWddretween LIW and B are indicated in
cyan. For the 5 time steps here shown (N=1,5)digrams are indicated by the black lines.
The depth units corresponding to the initial ugpeel (51), core level (55) and lower level
(59) of the LIW layer are indicated by the N value®range, hence the LIW initial thickness
by the orange lines; on these diagrams, it caredeakd that, for instance, the LIW core
density remains near 29.06 kg’nThe® and S maxima are indicated by the red dots. Waters
identified in grey are considered in Fig.5. B()) and S(z) profiles represented as in a), and
A and B represented only over 20 depths units. N@t(z) and S(z) are symmetric with
respect to depth unit 55 (dashed line). Theselpsofian be used to better describetds
diagrams in Fig.5.

Figure 5. a) as in Fig.4a for layers A, B and LIWsmnilar thickness (9 depth units),
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b) as in Fig.4a for layers A" and B, c) as in Fagfdr layers A and B', d) as in Fig.4a for
layers A" and B, e) as in Fig.4a for layers A &idf) as in Fig.4a for layers A" and B'.
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