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Abstract

Barotropic saline Baltic inflows (SBIs) occurred in the period of 01.09.2023—20.02.2024 are analyzed using the NEMO re-
analysis data. To test the model product, it is shown that it adequately reproduces the observed time series of salinity and tempera-
ture on depth and time of 32 yr long (1993—2024) at a monitoring station BY15 located in the Gotland Deep. The water volume
imported to the Baltic Sea with the SBIs being estimated from the in situ observations of the sea level and salinity is found to be
highly correlated with the direct estimates based on the NEMO reanalysis data. Comparison of the October and December 2023
SBIs reveals that quantitative characteristics of an SBI, such as the imported water volume and salt mass, being important never-
theless do not fully determine the subsequent evolution of the salinity field in the remote basins of the Baltic Sea. Apart from the
imported water volume and salt mass the synoptic variability of the wind field is of paramount importance. Keeping in mind that
the salt water transport in the bottom layer of the Bornholm Channel, Stupsk Furrow, and Hoburg Channel towards the deepest
Baltic basins is most intense at northwesterly, northerly, and northwesterly winds, respectively, one may expect that a long-lasting
northwesterly wind period immediately following the inflow event is the most favorable for ventilation of the Baltic Sea deep layer.

Keywords: Major Baltic Inflows, barotropic saline Baltic inflows, Danish straits, Darss Sill, Drogden Sill, water volume transport,
salt mass transport, wind forcing, compensatory baroclinic current in the bottom layer, NEMO reanalysis
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XapakTepuCTHKH U XPOHO,JIOTHS 0aNTHIICKIX 3aTOKOB B OKTA0pe 1 n1ekaope 2023 r.
no nanubiM peanamuza NEMO — BupTyajibHblii peiic

Cratbs moctynuia B penakunio 11.02.2025, mocie nopabotku 02.07.2025, npunsita B mevats 11.07.2025

AHHOTaIUMSA

BapotporiHbie 3aTOKM CoJIeHOiT ceBepoMOpcKoit Boabl B bantuiickoe mope (SBIs), npousomenmue B nepuon ¢ 01.09.2023
1o 20.02.2024, aHamM3UPYIOTCS ¢ UCIIONb30BaHEM NaHHbIX peaHanu3a NEMO. TectupoBaHue MOIEIBHOTO ITPOAYKTa ITOKa3a-
JI0, 4TO OH aJIeKBaTHO BOCIIPOM3BOIUT HA0JI01aeMble BpeMEHHbBIE PSIIBI COJIEHOCTHU 1 TEMIIePaTyPhl B 3aBUCHMOCTH OT TITyOMHBI
¥ BPEMEHU TPONODKUTENbHOCTHIO 32 Toma (1993—2024 rr.) Ha cTtanumu moHuTopunra BY15, pacnonoxennoii B [omnanackoit
BrnaguHe. O6beM Boabl, mocTynatouieil B bantuiickoe mope nocpenctsom SBIs, olieHMBaeMblil Ha OCHOBE HAOIONEHUIA YPOBHSI
MODSI ¥ COJIEHOCTH, OKa3aJICsl B BHICOKO# CTEMEHU KOPPETUPYIOIIMM C IPSIMBIMU OLIEHKaMK, OCHOBAaHHBIMU Ha TAHHBIX peaHa-
sm3za NEMO. ConocraButenbHblii aHanu3 SBIs, npousoieniux B okTsaope u aekadbpe 2023 roma rmokasbIBaeT, YTO UX KOJIMYE-
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CTBEHHbIE XapaKTePUCTUKH, TaKHe KaK 00beM IIPUHOCUMOI BOIBI M MAcChl COJIM, XOTSI U BaXKHbBI, TeM HE MeHee, He B MOJTHOM
Mepe OIpPEeIeNSIOT MOCIeNyONIyI0 TMHAMUKY TOJIsI COJIEHOCTH B OTHAJIEHHBIX OacceitHax banruiickoro mopsi. [Tomumo mpu-
HOCHMOTr0 00beMa BOIbI M MACChI COJIM BaKHElIlee 3HaYeHUE MMEET CUHONTUYECKAsI U3MEHYMBOCTD I10JIsI BETpa. YUMUTHIBAsI,
YTO TIEPEHOC COJIEHOI BOMIBI B IPUIOHHOM ciioe BopHxombMckoro kaHama, Ciyrckoro xkenoba nu Xo0yprckoro KaHajia B Ha-
MpaBjieHUU HanboJee NyOOKUX BraauH baaruiickoro Mopst HauboJjiee MHTEHCHUBEH IIPU CEBEPO-3allalHOM, CEBEPHOM U CeBe-
pO-3amaJHOM BeTpaxX COOTBETCTBEHHO, MOXHO OXWIATh, YTO MPOIODKUTENbHBIN TTEPHOJL CeBEpO-3aralHoOro BeTpa, KOTOPhIi
cpasy ClieayeT 3a 3aTOKOM B JlaTcKue MpoInBbl U APKOHCKMIA GacCeiiH, siBIsieTcst Harbouiee GIarornpusiTHBIM IS BEHTUISLIMK
ryouHHoro ciost bantuiickoro Mopsi.

KiroueBbie cjioBa: riaBHbIe OANTHIICKKME 3aTOKM, 6ApOTPOITHBIE 3aTOKW COJIEHOW CeBEpOMOpPCKOil Bombl B bantuiickoe Mope,
Harckue iponuBsl, mopor Jlapc, mopor JIporaeH, mepeHoc o0beMa BOIbI, IEPEHOC MACChI COJIM, BETPOBOE BO3NCIICTBIE, KOM-
MeHcauMOHHOe 0apOKJIMHHOE TeUeHUe B IIPUIOHHOM cioe, peaHaiu3 NEMO

1. Introduction

Water and salt exchange between the Baltic Sea (BS) and the North Sea occurs through the Great and Little
Belt straits and the Sound (@resund) Strait (see Fig. 1). Salt water from the North Sea enters the Baltic Sea through
the straits, mixes with fresh river runoff and precipitation, and a less salty mixture of the same volume, minus evap-
oration, flows back through the straits into the North Sea. The shallowest points on the routes of salty North Sea
waters into the Baltic are the Darss (min. thalweg depth is 19 m) and Drogden (min. thalweg depth is 8 m) sills for
the flows through the Belt straits and the Sound Strait, respectively. Both routes unite in the Arkona Basin (max.
depth is 48 m) and then the common route goes northeast into the Bornholm Deep (max. depth is 105 m) via the
Bornholm Channel (min. thalweg depth is 45 m). After the Bornholm Deep, the salt waters continue east into
the Stupsk Furrow (max. depth is 90 m) via the Stupsk Sill (min. thalweg depth is 56 m). Then one branch turns
northeast to the Gotland Deep (maximum depth is 227 m), and the second goes southeast to the Gdansk Deep
(maximum depth is 105 m).

Depth [m]
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Fig. 1. Bathymetry map of a transition zone between the North and Baltic seas and the south-

western Baltic Sea. The black dotted lines represent the virtual zonal and meridional transects

through which the water volume and salt mass imported to the Baltic Sea were calculated.

The red dotted lines represent the virtual transects along the inflow route on which the water
salinity was analysed

As a result of a limited water exchange with the North Sea and large river discharge, an estuarine type circula-
tion is formed in the BS with a lower (deep) saline layer separated from the upper layer of low salinity by a powerful
halocline/pycnocline. Hypoxia develops in the deep layer, and the only effective way of ventilation of the deep layer
is the so-called Major Baltic Inflows (MBIs), when a huge volume of salty North Sea water of more than 200 km?3
enters the Baltic Sea during a short period of several days. MBIs occur once every few years, there may be 10 years
without an MBI. For an MBI to occur, a rare combination of circumstances is needed, when long-lasting easterly
winds drive water out of the BS, greatly lowering the water level relative to the North Sea, and then a sudden westerly
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hurricane wind rises, driving salt water through the straits into the Baltic Sea. MBIs usually occur in the second half
of autumn — first half of winter and are barotropic in nature, when the entire water column at the Darss and Drogden
sills has a vertically uniform high salinity (above 20 g/kg or so) across the depth and is transported unidirectional.

The MBIs are the largest of the Baltic Saline Barotropic Inflows (SBIs) that are usually occur several times a year
[3, 4]. Mohrholz [4] developed an approach to estimate the volume of water and salt mass imported into the BS with
SBIs based on historical time series of sea level and salinity since 1887. The volume transport Q(#) was calculated
through the change of the mean sea level in the BS multiplied by the sea surface area minus river runoff, precipitation
and evaporation. Observations at the Landsort and Landsort Norra, published by SMHI Opendata server [5], were
taken for the time series of the mean sea level of the BS. The sea level data at the Landsort were pre-filtered with
1.2 days cut off period to exclude the appearance of seiches, inertial motions, and local wind surges. The response pe-
riod of the BS mean level to external barotropic forcing is 10 days [2]. This is used to determine whether consecutive
inflow events refer to a single SBI.

To calculate salt water transports to the BS, the volume transport Q(¢) was split into the volume transports through
Belt Qp(#) and Sound Q(r) with a fixed ratio Q(#)/Qp(¢) = 0.28.

Normally, there is a salinity front between brackish BS water and the saline water of the Kattegat. During outflow
event the front is located at the northern edge of the Danish Straits. To initiate an inflow of high saline water into the
BS, the salinity front has to be moved beyond the Darss Sill in the Belt and the Drogden Sill in the Sound. This is a
precursory period of an SBI [3], which lasts 5—25 days. The volume transports in the Belt and the Sound, Q4(f) and
Q4(7), obtained from volume change of the BS, were used to estimate the approximate positions pg(#) and p(f) of the
salinity front for each channel. During inflow conditions the simulated salinity front was moving from the Kattegat
(p(?) = 0) toward the Baltic until it reached the Baltic edge of the channel (p(¢) = 1), and vice versa. If the same equa-
tions are used for both channels, then the equation for the Belt is given. The front positions were calculated stepwise
for each time step 7 of Az duration, using an effective buffer volume ¥}z, of 110 km? for the Belt and 10 km? for the
Sound, respectively:

pa(1+1)=py (t)+Mwith{
Vbuﬁ’er

pp(t+1)=0 for pg(r+1)<0,

pp(t+1)=1 for pg(r+1)>1. (1)

Time series of inflowing water volumes, V(7) and V(f), were calculated from the time series of barotropic transports,

0p() and Q(?), as:

Vg(1)=0 for Qg(7)<0,
Vg (t)=Vg(1) for Qg(r)=0.
The salt mass S(7) imported into the BS was estimated by multiplying the inflowing water volume V() by the mean

salinity s. Only transports at times when the salinity front p(¢) is located at the Baltic side (p(#) = 1) were counted as
import of saline water into the BS:

V(1) =0p(1)- At with { )

Sp(1)=0 for py(1)<1,
Sp(1)=S85(1) for py(r)=1.
where p is the mean water density [ton/m?] for the Belt and the Sound. According to the methodology for identify-

ing the SBIs [4], in 2023 the most voluminous saltwater inflows took place in October and December ranking 26
(144 km?3, 0.63 Gt salt) and 6th (205 km3, 1.73 Gt salt), respectively, in the 215 century (see Table 1).

Sp(1)=Vy(t)-p-s5(2) with{ 3

Table 1

Characteristics of the most voluminous SBIs in the 215 century in comparison with the 2023 SBIs'.
Nr is the serial number in the sequence of the 21 century SBIs, arranged in descending order
of the volume of water imported into the Baltic Sea. The calculation method is described in [4]

Time, yr (mo) N Volume, km? Salt, Gt [2]
Total / Sound / Belt Total / Sound / Belt
2014.951 (DEC) 1 301.3 /66.3 /235.0 4.02/1.31/2.71
2015.840 (NOV) 2 233.3/51.3/182.0 2.46/1.02/1.44

I Major Baltic Inflow statistics from the website of Leibniz Institute for Baltic Sea Research Warnemiinde. URL: https://www.
io-warnemuende.de/major-baltic-inflow-statistics-7274.html (date of access: 11.02.2025).
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Fin table 1
Time, yr (mo) Nr Volume, km? Salt, Gt [2]
Total / Sound / Belt Total / Sound / Belt
2003.011 (JAN) 3 228.3/50.2/178.1 3.02/1.27/1.75
2011.917 (DEC) 4 225.9/49.7/176.2 2.90/1.05/1.85
2008.783 (OCT) 5 211.4/46.5/164.9 1.89/0.89 / 1.00
2023.974 (DEC) 6 204.6 /45.0 / 159.6 1.73/0.78 /0.95
2023.757 (OCT) 26 143.9/31.7/112.2 0.63 /0.57 /0.06
2023.844 (NOV) 187 49.9/11.0/38.9 0.09 /0.09 /0.00
2023.899 (NOV) 207 42.5/9.4/33.2 0.14/0.14 /0.00

The objective of this study is to reproduce characteristics and chronology of the 2023 SBIs and assess their impact
on marine environment based on the NEMO (Nucleus for European Modelling of the Ocean) reanalysis [1].

2. Material and Methods
2.1. NEMO Reanalysis Data

The release of the latest version of the Baltic Sea reanalysis, NEMO-Nordic 2.0 [1], was used to compile the mod-
elled time series of velocity components, u and v, temperature 7, salinity S, and dissolved oxygen concentration O, with
1 day time step in the southwestern Baltic Sea for the period 0of 01.09.2023—20.02.2024. The model grid has 1 NM step in
horizontal and 56 z-layers in vertical directions with approximately 1m thickness near the sea surface increasing to 24 m
at 700 m depth. The model data were downloaded from E.U. Copernicus Marine Service Information [7].

2.2. Validation of NEMO model

To validate the reanalysis’ ability in describing the long-term evolution of thermohaline and oxygen fields in the
Baltic Proper caused by MBIs, the time series of the modelled vertical profiles of 7, S, and O, in the Gotland Deep
for the period of 1993—2024 were used. To facilitate the comparison with in situ measurements, the modelled vertical
profiles were interpolated to (57°20'N, 20°03’E), the location of a monitoring station BY15 supported by the Swedish
Meteorological and Hydrological Institute (SMHI).

The ability of the NEMO model to reproduce long-term evolution of thermohaline and oxygen fields in the
Baltic Proper, caused by MBIs, is demonstrated in Fig. 2. The model fairy well reproduces shallowing of salinity and
temperature contours in the permanent halocline and the increase of bottom salinity caused by 1993—1994, 1998,
2003, and especially 2014 MBIs, while the 2023 inflows did not result in any noticeable effect in the thermohaline
fields. The oxygen concentration is poorly reproduced before 2022 and satisfactory after 2022. Remarkably that both
observations and NEMO reanalysis reveal a positive trend in deep layer salinity and temperature increasing by ap-
proximately 1.5 g/kg and 2 °C, respectively, for the period of 1993—2024 (see Fig. 2).

2.3. Methods of calculation of water volume and salt mass for Baltic inflows

The water volume and salt mass imported to the Baltic Sea were calculated at a zonal transect across the Drogden
Sill at 55.5915°N and a meridional transect across the Darss Sill at 11.9583°E (see Fig. 1). The water volume trans-
port, Qx(#) and Q(#) [m3/s], and the salt mass transport, (Qsalf) z and (Qsalf) ¢ [kg/s], were calculated as

Qp= [[u-dy-dz, |Qsalty= [[u-s-p-dy-dz, Darss Sill
Qs =—|[[v-dx-dz; |Qsalty =—[[v-s-p-dx-dz, Drogden Sill
where u, v, s, and rare the daily mean values of velocity components [m/s], salinity [kg/ton], and water density [ton/m?].
The time series of Q(¢) and QOsalf(f) were low-pass filtered using a 4™ order Butterworth filter and the inflow events
were defined as time intervals with positive terms of the filtered Q(¢) series.
Time series of inflowing water volumes, Vp(7) and V(?), and salt masses, Sg(?) and Sg(f), were derived from the
time series of the transports, Qp(f) and Q(¥), in both channels as:

V(t), S(t):O for Q(t)<0,
V(t)=V (1), 8(t)=5(t) for Q(r)=0.
For comparison, estimates of inflowing salt mass from Eq. (4), (5) were supplemented with that from the Mohrholz
approach [4] (Eq. (1)—(3)).

C))

W(t) = O(t) - At, S(t) = Osali(f) - At with { 5)
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Major Baltic Inflow: Time/depth evolution S, T, 02
Datatype: Observations
Credit: EU Copernicus Marine Service Information

Depth [m]

Major Baltic Inflow: Time/depth evolution S, T, 02
Datatype: NEMO Simulation
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Fig. 2. Salinity (a), temperature (b), and oxygen (c) vs time and depth in the Gotland Deep for the period 1993—2024 according to
observations at monitoring station BY15 (left) and NEMO reanalysis (right)

If two successive inflow periods, defined as time intervals with Q(¢) > 0, were separated by a short interval A7 < 3
days with relatively small negative values Q(¢7) < 0, then the two inflow periods were considered a single inflow event.
An additional requirement for a time interval with Q(7) > 0 to be considered as an SBI is an increase of bottom salinity

above 14 g/kg somewhere within the interval.

3. Results

Time series of the water transport through the Darss and
Drogden sills calculated from the NEMO reanalysis (Fig. 3)
reveal 3 time intervals with positive Qp and Qg for a period
from 20.09.2023 through 20.10.2023. The first interval, from
20.09.2023 through 26.09.2023, is characterized by a weak in-
crease of surface salinity s, < 12 g/kg and therefore is not
considered an SBI. The second and third intervals lasting from
29.09.2023 through 08.10.2023 and from 11.10.2023 through
17.10.2023, respectively, are characterized by a stronger surface
salinity increase, S, > 17 g/kg, and are separated by a short
interval Af < 3 days with relatively small negative values of Q(¢).
Therefore, they are considered a single SBI. For the same rea-
sons two intervals with positive Qp and Qgin January—February
2024 are considered a single SBI too.

Both the approach [4] that explores historical data on the
sea level and salinity and our approach which is based on the
NEMO reanalysis data make possible to identify four SBIs for
the period of September-December 2023 (see Table 2). Esti-
mates of the SBI’s volume obtained by the two approaches are

30 —
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Fig. 3. Time series of water volume transports into the
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found to be extremely highly correlated with correlation coefficient of 0.998 at 95 % confidence limits of [0.923—
1.000], and the mean value of the ratio of the Mohrholz [4] estimates to our estimates is 1.3. Estimates of salt mass
imported to the BS with the SBIs obtained from different approaches display a weaker correlation than that of the
SBIs water volumes (see Table 2).

Table 2

Characteristics of SBIs occurred in the period of 01.09.2023—20.02.2024 as estimated from NEMO reanalysis.
To facilitate comparison of the NEMO estimates with that of [4], the latter are presented too (in bold text)

Time, yr Volume, km? Salt, Gt, Eq. (4)—(5) Salt, Gt, Eq. (1)—(3)

Total / Drogden / Darss Total / Drogden /Darss Total / Sound / Belt
e | e aasoeres
o Zres R
R mome ciojosren
525,12 a6/ 450/ 196 295/080/215 173078, 005
(13%8Ti82i)2) 128.8 /22.0 /106.8 2.01/0.40/1.61 0.22 /0.22 /0.00

Vertical sections of salinity en route of Great Belt — Arkona Basin, Sound — Arkona Basin, and Arkona Basin —
Bornholm Basin (Fig. 4) show that on 15.10.2023 and from 19.12.2023 to 28.12.2023 a vertically aligned salinity front
between the North Sea water and the Baltic Sea water extended to the surface and was located between the Drogden
Sill and the Darss Sill on one side and the Arkona Basin on the other side identifying the October and December
2023 SBIs. As a result, the saline water of the North Sea origin entered the Arkona Basin and accumulated there in
the shape of a saline water dome. Remarkable that after the end of the December 2023 SBI on 29.12.2023, the saline
inflow water did not flow further to the northeast to enter the Bornholm Deep but remained trapped in the in the
Arkona Basin for a long while. It differs much from the October 2023 SBI when immediately after the end of inflow
event the saline water accumulated in the Arkona Basin rushed northeast towards the Bornholm Deep causing an
increase of bottom salinity there above 16 g/kg by 17.10.2023 (see Fig. 4).

Snapshots of bottom salinity and wind velocity maps in a transition zone between the North and Baltic seas and
the southwestern Baltic Sea during the October and December 2023 SBIs are presented in Fig. 5 and 6. They will be
discussed in next section.

4. Discussion and conclusions

This study is aimed to analyze SBIs occurred in the period 01.09.2023—20.02.2024 using the NEMO reanalysis
data. To make sure that the model product adequately reproduces inflow events a modelled time series of salinity and
temperature on depth and time of 32 yr long (1993—2024) were compared with the iz sifu measurements at a monitor-
ing station BY15 located in the Gotland Deep. It was confirmed that the model quite accurately simulated evolution
of temperature and salinity fields caused by Major Baltic Inflows (see Fig. 2). Moreover, the water volume imported
to the BS with the 2023 SBIs being estimated from in situ observations of the sea level and salinity [4] was found to be
highly correlated with the direct estimates from the NEMO reanalysis data (see Table 2).

Comparing characteristics of the October and December 2023 SBIs, it was admitted that the latter brought
to the BS1.4—1.5 times more the water volume and salt mass than the former (see Table 2). However, further
propagation of the inflowing water within the BS after October and December 2023 SBIs proceeded differently.
Namely, immediately after the end of the October 2023 SBI the saline water accumulated in the Arkona Basin
rushed northeast towards the Bornholm Deep causing an increase of bottom salinity there above 16 g/kg. To the
contrary, after the end of the December 2023 SBI the saline water entered the Arkona Basin, accumulated there
in the shape of a saline water dome, and acquired cyclonic rotation due to geostrophic equilibration in the bottom
layer. The saline inflow water did not flow further to the northeast to enter the Bornholm Deep but remained
trapped in the in the Arkona Basin for a long while being subjected to mixing with the above-lying less saline wa-
ter. For this reason, the December 2023 SBI did not result in any considerable increase of bottom salinity in the
Bornholm Deep (see Fig. 4).
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Fig. 4. Vertical sections of salinity en route of Great Belt — Arkona Basin, Sound — Arkona Basin,
and Arkona Basin — Bornholm Deep during the October and December 2023 SBIs. The routes are shown in Fig. 1
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To understand why the saline water entered to the Arkona Basin with the December 2023 SBI remained trapped
there for a long while, let’s address combined snapshots of bottom salinity and wind velocity in a transition zone be-
tween the North and Baltic seas and the southwestern Baltic Sea (Fig. 5 and 6).

115 12.5 13.5 14.5 15.5 16.5 17.5 18.5 °E

Sboh g/kg
I

o 10 20 30
115 125 135 14.5 15.5 16.5 175 18.5 °E

Fig. 5. Snapshots of bottom salinity (colors) and wind velocity vectors (elongated triangles) in a transition
zone between the North and Baltic seas and the southwestern Baltic Sea during the October 2023 SBI
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XapaKkTepuCTHUKU M XPOHOJIOTHSI OAITHIICKUX 32aTOKOB B OKTsI0pe 1 ekadpe 2023 r. o nanHbM peanamiza NEMO — BupryasbHblii peiic
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Fig. 6. Same as in Fig. 5 but for the December 2023 SBI

17



Paka V.T.|, Golenko M.N., Zhurbas V.M., Korzh A.O.
Iaxa B.T), Toaenxo M.H., XKypbac B.M., Kopac A.O.

According to the Ekman transport dynamics, a strong westerly wind drove salty North Sea water south through
the Belt and Qresund straits into the BS causing the October 2023 SBI (Fig.5, date 14.10.2023). After the October
2023 SBI, the wind changed for northwest causing the Ekman transport in the upper layer of the Bornholm Channel
to the southwest, and the compensatory baroclinic current in the bottom layer towards the northeast. As a result,
salty inflow water with S>16 g/kg penetrated from the Arkona Basin into the Bornholm Deep through the Bornholm
Channel (Fig. 5, date 16.10.2023).

Strong easterly wind drove the BS water through the Belt and @resund straits towards the North Sea causing a drop
ofthe sea level in the BS and thereby forming a favorable condition (preconditioning) for incoming December 2023 SBI
(Fig. 6, date 13.12.2023). A strong westerly wind that followed drove salty North Sea water south through the Belt and
Oresund straits back into the Baltic Sea causing the December 2023 SBI (Fig. 6, date 25.12.2023). After the December
2023 SBI, the wind changed to east-southeast causing the Ekman transport in the upper layer of the Bornholm Channel
towards north-northeast and the compensatory baroclinic current in the bottom layer towards south-southwest. As a
result, the salty inflow water remained trapped in the Arkona Basin and did not flow into the Bornholm Deep.

The comparison of the October and December 2023 SBIs revealed that the quantitative characteristics of an SBI,
such as the imported water volume and salt mass, being important nevertheless do not fully determine the subsequent
evolution of the salinity field in the remote basins of the BS. Apart from the imported water volume and salt mass the
synoptic variability of the wind field over the BS is of paramount importance. Keeping in mind that salt water trans-
port in the bottom layer of the Bornholm Channel, Stupsk Furrow, and Hoburg Channel towards the deepest BS
basins is most intense at northwesterly, northerly and northwesterly winds respectively (Zhurbas and Vili, 2022), one
may expect that a long-lasting northwesterly wind period immediately following the inflow event is the most favorable
for ventilation of the BS deep layer.
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