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Abstract. The deep waters of the western Mediterranean Sea Nof (1979) first suggested that the steady-state water bal-
have become saltier and warmer for at least the past 40 yeaemnce for the Mediterranean was measurably disrupted by the
at rates of about 0.015 and 0.94 per decade. Here we show damming of the Nile River during the 1960s. Considering the
that two processes contribute to these increases in temperdamming of the Nile River inflow, Nof estimated a change to
ture and salinity. On interannual timescales, deep water forthe overall freshwater budget of the Mediterranean Sea equal
mation events in severe winters transmit increasingly saltyto an increase in net evaporation of 13 cm yéatJsing hy-
intermediate waters into the deep water. The second procestraulic control theory to model the changes in Gibraltar ex-
is a steady downward flux of heat and salt associated with salthange associated with a 10 % increase in net evaporation,
finger mixing down through the halocline—thermocline that Rohling and Bryden (1992) estimated that the salinity of the
connects the Levantine Intermediate Water with the deep waeutflowing Mediterranean water would need to increase by
ter. We illustrate these two processes with observations fronf.13 to bring the Mediterranean back into steady state.
repeat surveys of the western Mediterranean basin we have Lacombe et al. (1985) carefully examined historical hy-
made over the past 10 years. drographic data in the western Mediterranean and could find
no evidence for changes to the salinity and temperature of the
deep water from 1910 to 1970. They did report some fasci-
) nating variability in deep water properties measured by CTD
1 Introduction in 1973 and again in 1981 and we will show that changes to
the historical deep water properties were already underway
NWhen they made these profiles. Since 1985, many authors
have estimated the rates of increase in salinity and tempera-
. .. turein the deep western Mediterranean: some argue that they
(Bethoux, 1979; Bryden and Kinder, 1991). The Mediter- are effects associated with global warming, heating and evap-

ranean also loses heat to the atmosphere at about 4 O ati : ;
N . . rating the surface layers around the deep convection region
7Wm~2 (Bunker et al., 1982). Thus the Mediterranean is & the Gulf of Lion (e.g. Béthoux and Gentili, 1999; Krah-

concentration basin that loses buoyancy due to both freShwar'nann and Schott, 1998): some argue for increasing temper-

Fer loss and heat 'OSS.- F_or s_teady-stgte Mediterranean Sal"Eét'ture and salinity in the Atlantic water inflow through the
ity and temperature distributions, the inflow—outflow through Strait of Gibraltar (e.g. Millot, 2007); some to changes in

the Stran of Gibraltar balanceg t.h ese freshwater and heaﬁir—sea fluxes related to variability in the North Atlantic Os-
losses: warmer, fresher Atlantic inflow and colder, Salt'ercillation (e.g. Rixen et al., 2005); and some (e.g. Rohling

Med?terranean outflow transport freshwater and heat into th%md Bryden, 1992) attribute the increases to hydraulic control
Mediterranean Sea to balance the buoyancy losses (Bryden
etal., 1994; Macdonald et al., 1994).

The Mediterranean Sea is an evaporative basin with a
estimated freshwater (evaporatiemprecipitation — river
runoff=net evaporation) loss of 50 to 100cm ye&r
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694 M. Borghini et al.: The Mediterranean is becoming saltier

requirements associated with the changing water budget duble 1.Depth-average salinity, potential temperature and potential
to the damming of rivers, particularly the Nile River density referenced to 2000 dbar below 200 dbar for historical sta-
A careful model study by Skliris and Lascaratos (2004) tions in the western Mediterranean near the eastern entrance to the

compared Mediterranean circulations with and without Nile Alboran Sea. Potential density referenced to 2000 dbar is defined
River discharge. They showed that removing the Nile Rivera density — 1000 in units of kgnf. The 1961 station istiantis
discharge caused the salinity of the Mediterranean to increasg2tion 6010 in Miller et al. (1970). The 1975 statiorQbain sta-
by about 0.04 over a timescale of 40 vears. In the modeltlon 79 in Bryden et al. (1978). The 1995 statlomllete_orstatlon_ 2

y . . L. . y rom Roether et al. (1996). The 2004 and 2008 stationdJaaeia
the increase in S"?‘“n'ty °°C“”e‘?' firstin the ;urfacg waters 0_ tations made as part of CNR repeat surveys of the western Mediter-
the eastern Mediterranean which resulted in an increase ifnean Sea (Schroeder et al., 2010). CTD station data have a preci-
salinity of the newly formed Levantine Intermediate Water sjon in salinity of 0.003 and in temperature of 0.0, while the
(LIW). The circulation of the saltier LIW then led to saltier older Atlantis discrete bottle data have a precision in salinity of 0.01
deep water formation in the eastern Mediterranean and wheand in temperature of 0.00%. Differences in expedition method-
the LIW made its way into the western Mediterranean it ologies and instrumentation lead to possible biases in salinity and
eventually preconditioned the upper 1000 m in the Gulf of temperature of 0.01 and 0.006 between expeditions.

Lion to be salty enough to form deep water in moderately

severe wintertime storms. Such processes do seem to oc- Potential ~ Potential

cur. New, saltier Aegean Sea deep water was indeed formed Year Salinity temperature  density
in the eastern Mediterranean during 1988-1992 in what is 1961  38.406 12.766 37.736
commonly referred to as the Eastern Mediterranean transient 1975  38.431 12.822 37.742
(Roether et al., 1996). This saltier LIW is observed to transit 1995  38.452 12.879 37.744
the Sicily Channel (Gasparini et al., 2005) and to precon- 2004  38.477 12.966 37.741
dition the waters in the Gulf of Lion (Grignon et al., 2010) 2008  38.478 12.954  37.745

for large deep water formation events that result in saltier

Western Mediterranean Deep Water (WMDW) (Schroeder et

al., 2010). Gaic et al. (2013) argued that oscillations in the  CTD station data have a precision in salinity of 0.003 and
salinity of LIW entering the western Mediterranean through in temperature of 0.00°C, while the older discrete bottle
the Sicily Channel are caused by bimodal oscillations in thedata have a precision in salinity of 0.01 and in temperature
circulation of the eastern Mediterranean with a timescale ofof 0.003°C. Differences in expedition methodologies and in-
order 10 years and that the higher salinity LIW directly re- strumentation lead to possible biases in salinity and tempera-
sults in deep water formation events in the Gulf of Lion abouttyre of 0.01 and 0.005C between expeditions. Thus, in esti-
15 years later causing jumps in deep salinity and temperamating changes over time by taking differences between ex-
ture of the western Mediterranean. Here we emphasize th@editions, there are uncertainties in salinity and temperature
long-term increases in salinity and temperature of the deefjifference of 0.014 and 0.00T, but these uncertainties are
western Mediterranean associated with salt finger processefidependent of the time interval over which they are taken.
as well as the jumps in salinity and temperature associate@or this reason we try to take differences over longer time
with deep water formation events. intervals so the uncertainties in decadal differences are 0.014
per decade and 0.00T per decade whereas uncertainties
in yearly differences would amount to 0.14 per decade and
0.07°C per decade.

To quantify long-term changes in the deep water proper-
ties, we use selected high quality historical stations at lo- Maanitude of th lini q )
cation A in the western Mediterranean near the entranceg agnitude of the salinity and temperature increases

to the Alboran Sea (Table 1, Fig. 1). To quantify more re-

2 Data

. g Over the past 47 years the Mediterranean Sea has been
cent changes in deep water properties over the last decadB . . . )
ecoming saltier and warmer. We chose a location, A, in

we use stations occupied by RMWrania as part of CNR .
o ; . the western Mediterranean near the entrance to the Albo-
(Consiglio Nazionale delle Ricerche) repeat surveys of the ; -
n Sea (Fig. 1) to compare temperature and salinity pro-

western Mediterranean Sea in 2004, 2005, 2006, 2008, 201 iles in five stations spanning 47 years from 1961 to 2008

and 2013 (stations 1 to 17 in Fig. 1) and a station in 2011, _; o . .
X : (Fig. 2). We specifically chose this location to represent
occupied by R/VMeteor during a west—east transect of ; L
Mediterranean waters near the end of their circuit of the

tmhgn':ﬁd;it;réasn;?er; g?i‘ﬁ:;é; I(Dzr?alr?1)| L\J/Ze d:l;s::)muxszt_th%asm and about to exit the Mediterranean. Both the high-
y Y q temperature, high-salinity core of LIW and the cold rela-

mospherlque_s en Med|terranee_) CTD proﬂles N the nF)rth'tfively fresh WMDW have become notably warmer and saltier
western Mediterranean to examine continuous time series of.

changing deep water properties from 1995 to 2008. since 196_1 (Fig. 2). The increases in LIW core tempergture
and salinity are about twice as large as the changes in the
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(a) Western Mederranean deeper than 200 decibars
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Figure 1. Map of hydrographic stations in the western Mediter-
ranean Sea that are used here to examine the processes leading to
long-term changes in deep Mediterranean temperature and salinity.
Here we focus on long-term (1961-2008) changes in temperature
and salinity of the Mediterranean waters at location A at the eastern
entrance to the Alboran Sea and on recent (2004—2013) changes at
station 9. Stations 4 to 17 were used by Bryden et al. (2014) to es-
timate downward heat, salt and density fluxes into the deep water.

Also indicated is the DYFAMED station with monthly time series 5000 .
temperature and salinity profiles extending back to 1991. A < e~
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(c) Western Mediterranean deeper than 200 db

deepest waters. Averaging the salinity and potential temper-
ature below 200m depth (to minimize seasonal effects in
the upper waters) shows that the salinity and temperature
have increased by 0.670.014 (0.015: 0.003 per decade)
and 0.19C+0.007°C (0.040°C £ 0.001°C per decade) re-
spectively since 1961 (Table 1). If such changes were due to
changes in the evaporation—precipitation—runoff and air-sea
heat exchange, they amount to an increase in evaporation or
decrease in precipitation or in runoff of 12 cm yeatwhich
is similar to Nof’s estimate for the effects of damming the
Nile River) and to a decrease in air—sea heat loss by the ocean Salinity
of 1.6 Wn1 2 over 50 years. . . . .

These Mediterranean changes are larger and penetra{:égure 2. Profiles o_f(a) ;allnlty {;md(b) poten_tlal temperature ver-
more deeply than the patterns of global ocean Warming[sus pressure for historical stations at location A at the eastern en-

and freshening/salinification recently summarized by Rhein rance o the Al.borf.m Se@ POter.mal temperature_sa“.n'ty d'a‘.
et al. (2013). For example the global ocean heat con grams for the historical stations with contours of potential density

. . . . . Teferenced to 2000 dbar. Levantine Intermediate Water (LIW) is evi-
tent increase is estimated to be equivalent to a heating Ofient as a salinity maximum at about 400 dbar for each station. West-

0.55Wn1?2 and the temperature increases are concentrateghn Mediterranean Deep Water (WMDW) is the deep water below

in the upper 700 m. For the global ocean there are bands 0200 dbar at each station. The halocline—thermocline between the
increased salinity and decreased salinity — in general there igepth of the LIW at 400 dbar and the top of the deep water be-

increased salinity in zones of net evaporation and decreasddw 1800 dbar has a stratification where warm, saltier waters over-
salinity in zones of net precipitation and the change in salin-lie colder fresher waters and this stratification is conducive to salt

ity is concentrated again above 700 m depth. For example dinger mixing processes. Depth-averaged salinity, potential temper-
40° N in the Atlantic Ocean, the upper ocean salinity has in_ature_and potential density referenced to 2000 dbar below 200 dbar
creased at a rate of 0.02 per decade, comparable to the chang 91ven for each station in Table 1.

in Mediterranean salinity, but the higher salinity signature is

absent below 500 m depth (Fig. 3.5 in Rhein et al., 2013).

Potential Temperature (°C)
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Thus the Mediterranean changes are about a factor of 3 larger @ | _ Salinity Profes Station 9
than observed in the open ocean and they penetrate all the

way through the water column to the bottom. Here we try to so0|

understand the processes that enable the warming and salini-

fication to penetrate to the bottom. 1000}

Much has been made of the long-term salinification of the
Mediterranean Sea with an emphasis on the role of deep wa-
ter formation events occurring sporadically in severe winters
that mix the salty LIW down into the deep water (Schroeder
et al., 2010). In fact, one can see that process in Fig. 2 by ex-
amining the differences between the 2004 and 2008 profiles:
the intervening deep water formation event of 2005 transmit- ) ) )
ted the high-salinity, high-temperature LIW evident in 2004 e s salinty. e e
profiles down into the deep water making the 2008 deep wa- (b) Potential Temperature Profiles Station 9
ters appreciably warmer and saltier than the 2004 deep wa- ' ' '
ters.

In addition to deep water formation events, Bryden et
al. (2014) argued that double-diffusive salt finger processes
transfer salinity and temperature downward into the WMDW.
The halocline—thermocline connecting the core of LIW at
about 400 dbar and the WMDW below 1900 dbar depth con-
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5001

1000

15001
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sists of warmer, saltier waters lying above colder, fresher 2000r (1
deep waters (Fig. 2) and such stratification is conducive to
salt finger processes that transfer heat, salt and density down- 2800
ward. Here we compare the downward fluxes of heat and salt
through the halocline~thermocline into the deep water with e B ey -
the downward fluxes associated with deep water formation © Potential Tomperature Salinkty Diagram for Station 9
events to assess their respective roles in increasing the tem- 1300
perature and salinity of the deep western Mediterranean.
We examine observations from a set of repeated surveys of 1296

the deep western Mediterranean Sea over the past decade to
compare the effects of sporadic deep water formation events
with the effects of steady downward fluxes of salt and heat
into the deep waters on causing the long-term increases in
salinity and temperature of the WMDW. We focus initially on
the observations at station 9 (Fig. 1) in the open ocean region ,
of the southern western Mediterranean to describe the evolu- e s P
tion of deep water properties. We have sampled station 9 in ’ .
2004, 2005, 2006, 2008, 2010 and 2013 on board Bra: LYy B Sa"m‘ty e ‘ .50
nia and a station at this location was sampled by Risteor
in 2011 (Tanhua et al., 2013). Vertical profiles of salinity and Figure 3. Profiles of (a) salinity and (b) potential temperature
potential temperature and a potential temperature—salinity diversus pressure for the repeat occupations at statiaft)o-
agram for these stations show the evolution of deep watetential temperature—salinity diagrams for these recent stations be-
properties over the past decade (Fig. 3). low 1000 dbar with contours of potential density referenced to
In 2004 we observe the deep water to be nearly uni-2000 dbar. Levantine Intermediate Water (LIW) is evident as a salin-
form vertically below 1900 dbar with a potential tempera- ity maximum at about 400 dbar for each station. Western Mediter-

ture of 12.82C and salinity of 38.45. By 2005, the deep ranean Deep Water (WMDW) is the deep water below 1800 dbar at

. each station. The halocline-thermocline between the depth of the
water layer 1900-2700 dbar appears to have become Sllgh'[IXIW at 400 dbar and the top of the deep water below 1500 dbar

warmer and Salt'er, and below 2700 dba_r a thin bottom ,Iayerhas a stratification where warm, saltier waters overlie colder fresher
of warmer and saltier water appears. This bottom layer is th§aters and this stratification is conducive to salt finger mixing pro-

new warmer, ;altier deep water formgd during the extremeesses. Depth-averaged salinity, potential temperature and potential
winter of 2005 in the northwestern Mediterranean (Schroedegensity referenced to 2000 dbar over 1900-2750 dbar and 1500—

et al., 2008; Smith et al., 2008) that is just arriving at sta- 1900 dbar are given for each station in Table 2.
tion 9. This major deep water formation event ultimately
injected a 600m thick layer of new deep water into the

12.92

12.88

Potential Temperature (°C)
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Figure 4. Time series averag@) salinity and(b) potential temperature in the layers 1600-1800 m and 1800-2000 m at the DYFAMED
station in the Ligurian Sea. Monthly values are plotted in blue while running mean 13-month average values are plotted in red.

deep western Mediterranean Sea that was 0.024 saltier arfthve increased in temperature by 0.08Gt 0.007°C and
0.042°C warmer than the previous bottom waters (Fig. 3aincreased in salinity by 0.0350.014 (Table 2); these are
and b, Schroeder et al., 2010) that we see at station 9 by 200@wice the rates of increase found from 1961 to 2008. And
Over the succeeding 4-year period from 2006 to 2010,in the vertical depth range from 1500 to 1900 dbar above
the layer between the bottom of the halocline—thermoclinethe direct influence of new deep water formation where salt
and the top of the deep water becomes appreciably saltigiinger fluxes are operating the waters have become warmer
and warmer. Using repeats of stations 4 to 17 (Fig. 1) fromand saltier by 0.042C 4+ 0.007°C and 0.016: 0.014 over a
2006, 2008 and 2010, Bryden et al. (2014) showed thatdecade (Table 2). These rates are the same size as the rates of
the increases in salinity and temperature in the region beincrease from 1961 to 2008.
tween the bottom of the halocline-thermocline and the top Thus, two processes are contributing to the increases
of the deep water were consistent for all stations and theyin salinity and temperature of the deep water. First, salt
estimated the downward fluxes of heat and salt throughfinger processes transport salt and heat steadily down-
the halocline—thermocline into the deep water associatedvard through the halocline—thermocline at estimated rates
with salt finger processes to be 540 8psums? and of 5.4x 10 8psums?! and 12.4x 10 8°Cms, respec-
12.4x 10°8°CmsL. Such fluxes would make a 1000m tively (Bryden et al., 2014). These amount to downward salt
column of deep water 0.017 saltier and 0°8warmer over  and heat fluxes over a year of 1.7 psum and°8.tn. Sec-
the course of a decade. ondly, sporadic deep water formation events in the north-
By 2010, the deep waters at station 9 are nearly uniformwest Mediterranean inject new warmer, saltier denser deep
vertically below 1800 dbar and have potential temperature ofwater that then spreads beneath the older deep waters. The
12.88°C and salinity of 38.474, nearly 0.06€ warmer and  major deep water formation event in 2005 resulted in down-
0.025 saltier than the old deep waters of 2004. By 2011 theravard fluxes of 14.4 psum (600 m0.024 psu) and 252 m
appears to have been some new deep water formation raisin@00 mx 0.042°C), that is 6 to 8 times larger than the yearly
the deep water temperature to 12°@0and salinity to 38.482 downward flux associated with salt finger mixing. In con-
and by 2013 there has been additional deep water formatiotrast, the deep water formation event of 2012 documented by
(Durrieu de Madron et al., 2013) raising the deepest salinityDurrieu de Madron et al. (2013) that created a large volume
to 38.49 but with little change in potential temperature. Fromof new deep water had smaller downward fluxes of 2 psum
2010 to 2013, the layer between the bottom of the halocline{200 mx 0.010 psu) and 2C m (200 mx 0.01°C) because
thermocline and the top of the deep water continues to fill inthe salinity excess in the new deep water was not as large as
with higher temperature and salinity. Over the decade of oulin 2005 and there was nearly no potential temperature sig-
recent observations, deep water properties below 1900 dbarature. Concentrating on the major 2005 event, we estimate

WWw.ocean-sci.net/10/693/2014/ Ocean Sci., 10, 6836 2014



698 M. Borghini et al.: The Mediterranean is becoming saltier

Table 2. Depth-average salinity, potential temperature and potential density referenced to 2000 dbar at station 9 in the western Mediterranean
over the past decade: deep water 1900—2750 dbar and above the direct influence off deep water formation 1500-1900 dbar. Potential densit
referenced to 2000 dbar is defined as density — 1000 in units of k& Stations in 2004, 2005, 2006, 2008, 2010, 2013 were occupied

by RV Urania as part of CNR repeat surveys of the western Mediterranean Sea; the station in 2011 was occupieibjeByduring

a west—east transect of the Mediterranean (Tanhua et al., 2013). CTD station data have a precision in salinity of 0.003 and in temperature
of 0.001°C. Differences in expedition methodologies and instrumentation lead to possible biases in salinity and temperature of 0.01 and
0.005°C between expeditions.

Average 1900-2750 dbar Average 1500-1900 dbar
Potential  Potential Potential  Potential
Year Salinity temperature density Salinity temperature density
2004 38.449 12.824 37.755 38.459 12.856 37.755
2005 38.450 12.828 37.755 38.461 12.860 37.755
2006  38.463 12.857 37.758 38.457 12.850 37.755
2008 38.470 12.873 37.759 38.458 12.854 37.754
2010 38.474 12.881 37.760 38.464 12.873 37.754
2011  38.482 12.900 37.762 38.480 12.906 37.758
2013 38.484 12.904 37.762 38.475 12.898 37.757

that for a major deep water formation event occurring everyevents are sporadic, occurring in late winter and only in se-
7 years the episodic warming and salinification of the deepvere winters. New deep water initially has a salinity close to
water is the same size as the steady warming and salinificathe column average salinity in the formation region of the
tion associated with downward fluxes of heat and salt throughmorthwest Mediterranean because the wintertime formation
the halocline-thermocline. events are not of long enough duration to appreciably change
We can see the effects of these two processes in théhe salinity over a water column 2500 m thick (Smith et al.,
monthly time series of CTD profiles of salinity and temper- 2008). At the onset of deep convection, the temperature of the
ature at the DYFAMED site in the Ligurian Sea from 1995 new deep water must be that temperature that combines with
to 2008 (Fig. 4). There the deep water temperature and salinthe water-column average salinity to equal or just exceed
ity in the northwest Mediterranean increased nearly linearlythe density of the existing deep water (Leaman and Schott,
from 1995 to 2005 before the large deep water formation1991). As severe winter heat loss (mostly due to evapora-
event in 2005 occurred (Schroeder et al., 2010). We estimatéon) continues, the new deep water can become colder and
an increase in 1800—2000 m temperature of 0% 0.007  slightly saltier and denser, but mostly colder. Thus, deep wa-
and an increase in salinity of 0.0270.014 over the decade ter formation leads to saltier and warmer deep water only
from 1995 to 2005. Hence even in a decade where there is litif the column-average salinity in the formation region is in-
tle evidence for deep water formation in the western Mediter-creasing.
ranean, deep water salinity and temperature increase at a The presence of high-salinity LIW is critical to both pro-
rate comparable to the long-term trends seen at location Acesses. It sets the deep stratification where warmer saltier in-
(Table 1). These steady changes over 10 years are slightliermediate waters lie above colder fresher deep waters that is
smaller than the jumps we see in the DYFAMED observa-conducive to salt finger processes. Also, high-salinity LIW
tions in layer temperature (0.08 +0.007°C) and salinity ~ preconditions the water column in the deep water forma-
(0.0440.014) from 2005 to 2007 associated with the major tion region so that severe winter heat losses can mix down
2005 deep water formation event. through the LIW and generate new deep water (Schroeder et
al., 2010). The source of LIW is in the eastern Mediterranean,
its core salinity in the western Mediterranean has increased
4 Discussion by about 0.10 since the 1960s (Fig. 2a), and this increase in
LIW salinity is ultimately the cause of the saltier deep water
The two processes that increase the salinity of the deep wah the western Mediterranean.
ter, salt finger mixing and deep water formation events, have It is notable that the density of the Mediterranean interme-
different signatures. Salt fingers transport heat, salt and derdiate and deep waters in the western Mediterranean at station
sity downwards making the deep waters warmer, saltier and\ has not changed much over the past 47 years (Fig. 2c). The
denser. We expect the salt finger processes to be steady in tieore of LIW has had a potential density referenced to the
sense that the stratification with warmer saltier LIW abovesurface of about sigma=629.07 (and sigma-2 potential
colder fresher WMDW enables salt finger processes to prodensity referenced to 2000 dkaB7.72, Fig. 2c) since the
ceed year-round. On the other hand, deep water formatiod960s. Deep water potential density has also remained fairly

Ocean Sci., 10, 693700 2014 Www.ocean-sci.net/10/693/2014/
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constant at about sigma=237.75 (sigma-6=29.11) since But the Mediterranean Sea is clearly not in a steady state:
the 1960s, with perhaps a small increase to 37.764 in theemperature and salinity have been rising steadily since the
2005 deep water formation and maybe to 37.766 in the 2012960s; river run-off has been reduced as rivers are dammed
deep water formation event (Durrieu de Madron et al., 2013)and used for irrigation; and models suggest that evapora-
as observed in the properties at station 9 in Fig. 3c. Verti-tion is increasing due to the warming climate. Adjusting our
cal mechanical mixing of new bottom waters with slightly steady-state views of the Mediterranean requires careful con-
less dense waters above gradually erodes the initially highesideration of the time-dependent heat and freshwater bud-
density of the deep waters so that over time there has been efets. For example, how can we modify the Knudsen relations
fectively no increase in deep water density. Temperature andbr the Gibraltar exchange for an increasing net evaporation
salinity have increased but the density has stayed nearly corand an increasing salinity of the Mediterranean?
stant as the temperature and salinity changes compensate inWill the Mediterranean ever reach a steady state in re-
density. In terms of processes, the constancy of deep densityponse to global warming and the changing water balance
is an argument for deep water formation events as the domiassociated with increased evaporation and reduced river run-
nant source for increases in deep salinity because salt fingeaff? How long can the salinity of the Mediterranean continue
processes should lead to an increase in deep density as wedl increase? What value will it achieve? Answering these
as to increases in salinity and temperature. However, the inquestions represents a challenge for the Mediterranean mod-
crease in deep density associated with salt finger mixing i€lling community and validating the model predictions will
very small, amounting to only 0.004 kgth per decade ac- require continuing observations of the deep Mediterranean
cording to Bryden et al. (2014) so that over 50 years the deefsea.
potential density would have increased by only 0.02 kgm
and that change would be beyond the observational uncer-
tainty in comparing surveys across 50 years. AcknowledgementsiVe thank CNR for continuing support for
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