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Fig. 12 Surface current along the Romanian coast and current on the cross-
sections located S of Sulina and N of Mangalia — wind from NE with 10 m/s,
high Danube discharge, warm season
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Fig. 13 Surface current along the Romanian coast and current on the cross-
sections located S of Sulina and N of Mangalia — wind from SW with 5 m/s,
low Danube discharge, warm season
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Fig. 14 Surface current along the Romanian coast and current on the cross-
sections located S of Sulina and N of Mangalia — wind from SW with 10
m/s, high Danube discharge, warm season
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Fig. 15 Salinity on the cross-section located S of Sf. Gheorghe, various conditions, warm season
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1998, Giosan et al., 1999, Tescari et al., 2006, Stanica and Pa-
nin, 2009 among others), are emphasized in the absence of
the wind (figs. 4 and 10).

Wind blowing constantly from NE or SW determines the
main direction of the surface current, especially at higher ve-
locity (figs. 5 — 8 and 11 - 14). Thus, the eddy-like currents
that occur near the Sulina distributary in the absence of wind,
with both initial conditions of temperature and salinity (figs. 4
and 10), disappear after two days of constant wind.

The analysis of the cross-sections shows that the influ-
ence of wind can reach 30 m deep, with the higher wind ve-
locity.

In order to analyze the current through the cross-sec-
tions, we divided the data in positive (northward) and nega-
tive (southward). Negative currents are shown on the cross-
sections from figs. 4 - 6, for cold season simulations, and from
figs. 11 and 12, for warm season simulations. Positive currents
are shown on the cross-sections from figs. 7 and 8, for cold
season simulations, and from figs. 10, 13 and 14, for warm
season simulations.

3.2. SALINITY

Salinity was analysed on the cross-section located south
of the Sf. Gheorghe distributary, for the simulations with wind
from NE and SW, with low and high values of velocity, both
for cold season (fig. 9) and warm season (fig. 15). This cross-

section was chosen because, with wind from NE, it takes over
directly a significant part of the Danube discharge, from all
three distributaries.

Looking at the figs. 9 (for the cold season) and 15 (for the
warm season), it is possible to note the Danube freshwater
kept closer to the coast with NE wind, while with SW wind
it flows far from the coast. When wind blows from SW, this
causes the push of the Danube freshwater offshore and its
mixing to the more salty water.

The same trend is observed for the cold and warm sea-
sons. The stratification due to temperature gradients is more
accentuated in May. This is normal, taking into account the
fact that temperature rises in the surface layer due to a higher
solar radiation. In fact, the temperature stratification is due
only to the initial condition. The stratification influences the
surface current which, under the same conditions of wind
and discharge, is stronger during the warm season.

The temperature and salinity fields determine distortions
of the surface currents with respect to the main directions,
induced by wind.

3.3. FLUXES

The SHYFEM model provides the fluxes calculated on the
chosen cross-sections. The cold season and warm season
fluxes were compared on all the cross-sections for various
conditions — calm, wind from NE and wind from SW.
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Fig. 16 Fluxes on cross-sections — no wind forcing
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Fig. 17 Fluxes on cross-sections — forcing by wind from NE

Northward fluxes - wind from SW with 5 m/s (cold season)

Northward fluxes - wind from SW with 5 m/s (warm season)

35000 140000
30000 » 120000 L g )
X = =
25000 s # Section S Sulina 100000 # Section S Sulina
. 3 P i Section S Sf. Gheorghe M Section S Sf. Gheorghe
& ) -
-E 20000 * section 1 2 80000 + Intermediate section 1
= < Intermediate section 2 :E: ; * * Intermediate section 2
“_=_ 15000 X Section N Midia Harbor |.T=. 60000 X X Section N Midia Harbor
‘ @ Section N Mangalia ! @ Section N Mangalia
10000 ] ] + Section Bulgaria 40000 + Section Bulgaria
[ ] ) °
5000 20000
0 + + 0
0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
Discharge (m®/s) Discharge (m%s)
Northward fluxes - wind from SW with 10 m/s (cold season) Northward fluxes - wind from SW with 10 m/s (warm season)
300000 450000
Q ) Y [ ] [ ] [ ]
400000
250000
350000
# Section S Sulina # Section S Sulina
200000 + + W Section S Sf. Gheorghe 300000 T ¥ ¥ W Section S Sf. Gheorghe
Q ) ) @ )
,,E X X Intermed!ate secl!on 1 ,,E 250000 * - section 1
ve 150000 <Ir section 2 ™ * Intermediate section 2
E »  Section N Midia Harbor 2 200000 ” X X Section N Midia Harbor
100000 N Mangalia 150000 - - - @ Section N Mangalia
n n n + Section Bulgaria L " . + Section Bulgaria
100000 -
50000
50000
0 0
0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
Discharge (m?/s) Discharge (m?/s)
Fig. 18 Fluxes on cross-sections — forcing by wind from SW
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There are significant changes between cold season and
warm season fluxes on the cross-sections, showing that the
influence of temperature and salinity fields is important. In
calm conditions (fig. 16), the northward fluxes on the cross-
sections located south of both Sulina and Sf. Gheorghe show
an increasing trend with respect to discharge during the cold
season and an almost decreasing trend during the warm sea-
son. The northward fluxes on the section located north of
Mangalia are rather high during the warm season and show
a decreasing tendency with respect to discharge. During the
cold season, there is no northward flux of this cross-section.

The northward fluxes are higher during the warm sea-
son, while the southward fluxes are much higher during the
cold season. This is normal, because the southward current is
stronger in the wintertime.

Wind blowing from NE with 5 m/s leads to higher southward
fluxes in the cold season than in the warm season (fig. 17).

When the velocity of NE wind is increased at 10 m/s, there
is no significant difference between the cold season and the
warm season fluxes. This shows that wind has a stronger in-
fluence on the flux at higher velocity, regardless of the tem-
perature and salinity distribution.

Wind blowing from SW with 5 m/s leads to higher north-
ward fluxes in the warm season than in the cold season (fig.
18). There are significant differences between the cold season
and warm season fluxes on the cross-sections, due to the dif-
fering fields of temperature and salinity. For example, the flux
calculated on the cross-section located north of Mangalia is
the lowest one in wintertime and the highest one in summer-
time.

When the velocity of SW wind is increased at 10 m/s, the
northward fluxes are higher in the warm season. But the ten-
dency is the same for the winter and summer conditions sim-
ulated. This suggests again that, at higher velocity, wind be-
comes a dominant factor controlling the flux, with a stronger
influence than the distribution of temperature and salinity.

4. CONCLUSIONS

An analysis of the wind and freshwater inputs on the
marine circulation along the Romanian Black Sea coast was
performed, using the open-source 3D numerical model SHY-
FEM. Several simulations were carried out, varying the main
forcings, which are the wind velocity and direction and the
Danube discharge.

Air-sea interactions are complex. We used just one formu-
lation of the stress that does not require a wave model.

The results obtained in conditions of calm, low and strong
winds from NE and from SW with different initial states are
discussed in this study.

In the absence of wind, a longshore current, stronger
in wintertime, occurs. This current is caused mainly by the
change in salinity induced by the Danube freshwater.

Constantly blowing wind becomes a significant factor re-
sponsible for the formation of coastal currents, both in the
cold and warm seasons.

This work does not apply to the currents nearest to the
shoreline, that are mainly generated by bottom induced
wave breaking.

The stratification due to temperature and salinity influ-
ences the surface current driven by wind, which, under the
same conditions of wind and discharge, is stronger during
the warm season.

Wind blowing from NE enhances the change in salinity
induced by the Danube distributaries, as it keeps the fresh-
water near the coast.

Calculated fluxes across several cross-sections of about
25 km long, plotted against discharge, show significant dif-
ferences between the cold and warm seasons, which are due
to the differing fields of temperature and salinity. The differ-
ences between cold season and warm season fluxes become
smaller for stronger winds from NE. This shows again that, at
higher velocity, wind is the main factor controlling the coastal
overall water circulation.

This study is a first step towards the development of a
fully operational oceanographic model for the northwestern
part of the Black Sea. Future developments of this Black Sea
model include the use of real meteorological forcing to study
the average circulation, the calibration on measured current
velocities, the representation of some stormy events, mod-
eling of the sediment transport and of the waves.
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