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Fig. 3. Canalul cu Sonda. (a) Transect positions along the sector (background source Google Earth); (b) Shoreline change rate 2016 — 2023 with
negative values indicating erosion and positive values indicating accretion; () Measured shoreline positions 2016 — 2023 relative to baseline;
(d) Shoreline trend 2016 — 2023; (e) Image from the beach of Canalul cu Sonda (2019).
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Fig. 4. Casla Vadanei. (a) Transect positions along the sector (background source Google Earth); (b) Shoreline change rate 2016 — 2023 with
negative values indicating erosion and positive values indicating accretion; (c) Measured shoreline positions 2016 — 2023 relative to baseline;
(d) Shoreline trend 2016 — 2023; (e) Image from the beach of Casla Vadanei (2019).
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Fig. 5. Sfantu Gheorghe. (a) Transect positions along the sector; (b) Shoreline change rate 2016 — 2023 with negative values indicating erosion
and positive values indicating accretion; () Measured shoreline positions 2016 — 2023 relative to baseline; (d) Shoreline trend 2016 — 2023;
(e) Image from the beach of Sfantu Gheorghe (2019).
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Fig. 6. Average change rate for the Danube Delta shore along the Sulina — Sfantu Gheorghe sedimentary cell between 2016 and 2023.

3.2. SAHALIN SPIT

With an analysed shoreline length of around 11 km,
the Sahalin North sector is characterised by overall erosion,
with an average rate of -1.4 m/year. The southern part of this
sector corresponds to the former breach between Sahalin
North and Sahalin South which is filling up at a rate of 15 m/
year (Figs. 7-9).

The Sahalin South sector, with around 8 km analysed
shoreline length, is characterised by elongation in the
southern part and erosion in north. The overall average
change rate is positive of about 22.9 m/year. The most
noticeable changein the southern region took place between
2016 and 2017, with smaller changes occurring in the years
that followed (Figs. 8, 9).
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Fig. 7. Sahalin North. (a) Transect positions along the sector (background source Google Earth); (b) Shoreline change rate 2016 — 2023 with
negative values indicating erosion and positive values indicating accretion; (c) Measured shoreline positions 2016 — 2023 relative to baseline;
(d) Shoreline trend 2016 — 2023; (e) Image from the beach of Sahalin North (2023).
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Fig. 8. Sahalin South. (a) Transect positions along the sector (background source Google Earth); (b) Shoreline change rate 2016 — 2023 with
negative values indicating erosion and positive values indicating accretion; (c) Measured shoreline positions 2016 — 2023 relative to baseline;
(d) Shoreline trend 2016 — 2023; (e) Image from the beach of Sahalin South (2017).
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Fig. 9. Average change rate for the Danube Delta shore along the Sahalin Spit between 2016 and 2023.

3.3. ZATOANE - CAPE MIDIA SEDIMENTARY CELL

At Perisor, the analysed shoreline length of around 4 km
illustrates a generalised erosion trend in the north and centre
with rates up to -4.6 m/year, while in the south the rates are
up to -0.4 m/year. The average change rate for the entire
sector is -2.9 m/year (Fig. 10).

With an analysed shoreline length of around 8.5 km,
Periteasca sector is overall accumulating with a rate of 1.8 m/
year (Fig. 11).

Portita North, with around 4 km analysed shoreline length,
is generally stable, with an average rate of -0.7 m/year with
higher erosion rates in the south, up to -2.3 m/year (Fig. 12).

Portita South, with an analysed shoreline length of around
3 km is eroding with an average of -2.2 m/year (Fig. 13).

North of Periboina inlet, the analysed shoreline length of
around 2 km is rather stable. The average change rate for the
period 2016 - 2023 is -0.25 m / year (Fig. 14).
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Fig. 10. Perisor. (a) Transect positions along the sector (background source Google Earth); (b) Shoreline change rate 2016 — 2023 with negative
values indicating erosion and positive values indicating accretion; (c) Measured shoreline positions 2016 — 2023 relative to baseline; (d) Shoreline
trend 2016 — 2023; (e) Image from the beach of Perisor North (2018).
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Fig. 11. Periteasca. (a) Transect positions along the sector (background source Google Earth); (b) Shoreline change rate 2016 — 2023 with
negative values indicating erosion and positive values indicating accretion; (c) Measured shoreline positions 2016 — 2023 relative to baseline;
(d) Shoreline trend 2016 — 2023; (e) Image from the beach of Periteasca (2023).

Geo-Eco-Marina 31/2025 17



Maria-S. lonescu, Adriana-M. Constantinescu, Adrian Gherghe, Alexandru Panin, Albert Scrieciu, Sabin Rotaru, Cristian Teodoru, Roberta Castellana, Viorel-G. Ungureanu, Adrian Stanicd — Shoreline dynamics of the Danube Delta

0 Shoreline change rate (-0.71 m/y) N =)

Portita North
£
-
e
%
g
£
+
2
Sa w
2
=
2

Shoreline positions 2016 - 2023 N o=
Portita North

Transect number
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

n'u

.

w

@

£=3 w ~ =
o o o o o

%)
(=]

Shoreline position (m) from baseline
D
o

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

== )016 ==@==2017 =@==2018 =B==2019 =@==2020 =—@=202] e=@u=2(2? ==@u?023

o

Shoreline trend (2016 - 2023)
- Portita North -

51
50
49
48
47
46
45
44
43
42

baseline)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Year

Average shoreline position (m) (from

Fig. 12. Portita North. (a) Transect positions along the sector (background source Google Earth); (b) Shoreline change rate 2016 — 2023 with
negative values indicating erosion and positive values indicating accretion; (c) Measured shoreline positions 2016 — 2023 relative to baseline;
(d) Shoreline trend 2016 — 2023; (e) Image from the beach of Portita North (2023).
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Fig. 13. Portita South. (a) Transect positions along the sector (background source Google Earth); (b) Shoreline change rate 2016 — 2023 with
negative values indicating erosion and positive values indicating accretion; (c) Measured shoreline positions 2016 — 2023 relative to baseline;
(d) Shoreline trend 2016 — 2023; (e) Image from the beach of Portita South (2024).
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Fig. 14. Periboina. (a) Transect positions along the sector (background source Google Earth); (b) Shoreline change rate 2016 — 2023 with
negative values indicating erosion and positive values indicating accretion; (c) Measured shoreline positions 2016 — 2023 relative to baseline;
(d) Shoreline trend 2016 — 2023; (e) Image from the beach of Periboina (2023).
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Fig. 15. Average change rate for the Danube Delta shore along the Sahalin South — Zatoane — Cape Midia sedimentary cell between 2016 and
2023.
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Table 1. Minimum, maximum and average shoreline change rate
for (a) yearly measurements 2016 — 2023.

Lowest
shoreline
change rate
(m/y)

Highest
shoreline
change rate
(mfy)

Average
shoreline
change rate
(mfy)

Gnatasonts | 0| o0 | 431
smaoe | s | ow | am

Sovansoue | s | | 2w
rtasa | | | m
Potipsouts | 412 |_o% | am

* Sahalin North and Sahalin South change rates appear mostly due to the
behaviour and dynamic of the spit with rapid shift in the southern part of
Sahalin North (filling in the previous breach) and Sahalin South (creation of a
new spit) and erosion in the northern parts.

4. DISCUSSION

Shoreline dynamics, including retreat and advancement
trends, are influenced by both natural processes and
human activities. Prograding sectors tend to form around
active deltaic lobes, at the mouths of Danube branches,
and near hard coastal structures (Stanica and Panin, 2009,
Vespremeanu-Stroe et al, 2017). Erosive sectors, on the
other hand, are typically found at the borders of inactive
deltaic lobes, where coastal sedimentary cells meet, or in
updrift zones due to the divergence of nearshore currents
(Vespremeanu-Stroe et al., 2017).

The shoreline dynamics of the Danube Delta are varying
across different sectors (Table 1), due to the influence of both
natural processes, past and present human activities (Panin,
1999, Ungureanu and Stanica, 2000, Stanica and Panin,
2009). While most of these areas are experiencing erosion,
some are stable and some are accreting (Table 1; Figs. 6
and 15). Despite the fluctuations caused by meteorological
conditions on the day of the measurements, the overall trend
of the shoreline in a specific sector highlights its erosional or
accretional dynamics.

4.1. SULINA - SFANTU GHEORGHE SEDIMENTARY CELL

Mainly influenced by the presence of the jetties, the
Sulina sector is characterised by accretion in its northern
part, stability in the centre and retreat towards its southern
part. This trend is consistent with findings from previous
studies (Stanica et al., 2007, Vespremeanu-Stroe et al., 2007,
Stanica and Panin, 2009, Vespremeanu-Stroe et al, 2017),

however, currently measured average rates of 2.1 m/year are
lower than the rates observed by Vespremeanu-Stroe et al.
(2017) and mentioned by Halcrow (2012), for data covering
the period 1979 - 2006, of 8.1m/year. This can be due to the
fact the current measurements were conducted only in the
central and southern part of the Sulina sector, excluding the
northern area, and the region just south of the jetties, where
the highest accretion rates occur.

Erosion is evident at both Canalul cu Sonda and
Casla Vadanei sectors. This aligns with historical patterns
documented in previous research. Erosion in this sector was
amplified by past human activities (Panin, 1999). The sector
is located in the divergence zone between the south-north
oriented anticyclonic current, caused by the Sulina jetties,
and the north-south oriented longitudinal current, leading
to a sediment deficit (Giosan et al, 1999). The average
erosion rate at Canalul cu Sonda was found to be between
-6 and -9 metres per year in previous studies (Stdnicd, 2003,
Vespremeanu-Stroe et al., 2007, Halcrow, 2012). Current
results indicate a decline in the erosion rate with a calculated
average of -4.4 m/year. The northern part of Canalul cu
Sonda sector is more advanced than the south and eroding
at smaller rates. This can be due both to the presence of
both living and relict vegetation on shore with the ability to
mitigate erosion but also to the fact that the area is in the
immediate vicinity of Sulina sector, which exhibits accretion
under the protection of the jetties. Casla Vadanei however
doesn’t have any type of vegetation on shore and here both
its absence and the lack of sediment input, have contributed
to an erosional trend over the years.

This study reveals an erosional trend in Sfantu
Gheorghe, with rates increasing from north towards the
south, contrasting with the findings of Vespremeanu-
Stroe et al. (2017) and Halcrow (2012), who noted positive
trends. According to Stanica (2003), the sector experiences
alternating periods of advancement and erosion; additionally.
Stanica and Panin (2009) observed a dynamic equilibrium in
the shoreline, influenced by sediment redistribution at the
river-sea interface.

4.2. SAHALIN SPIT

The shoreline at Sahalin Spit is primarily shaped by
longshore currents and sediment supply, with storms, wind
patterns, and sea-level changes also impacting the area
(Giosan et al., 1999). Between 2016 and the following years,
significant changes were observed, particularly in Sahalin
South, where new spits developed. Meanwhile, Sahalin
North experienced retreat (Fig. 9). The breach in Sahalin
North, which occurred in the winter of 2012 - 2013 (Zdinescu
et al, 2019), is gradually filling with sediment from the
Sfantu Gheorghe branch of the Danube Delta. In addition,
the presence of partially submerged trees along the shore
of Sahalin South may have an important influence on the
coastal dynamics in that area. We observed that the presence
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of dense trees may delay erosion and shoreline retreat, even
if the trees are not alive.

4.3. ZATOANE - CAPE MIDIA SEDIMENTARY CELL

Perisor sector is facing generalised erosion with smaller
rates (approximately -3 m/year) compared with the ones from
literature (up to -17 m/year between 2008 and 2010; Halcrow,
2012). This may be due to the shorter analysed shoreline
length (not including the Zatoane area from the north, which
is historically characterised by high erosion).

Periteasca sector is characterised by stability and slight
accumulation, similar with findings of previous studies
(Vespremeanu-Stroe et al., 2007 and Halcrow, 2012). While
the erosion rates in Portita area are generally lower than
the ones from earlier studies, of around -2 m/year in Portita
South compared to -3 m/year in Vespremeanu-Stroe et al.
(2007) and -3.9 m/year in Halcrow (2012). Portita North area
is stable in the northern part influenced by the vicinity of
Periteasca. The highest erosion rate observed during summer
measurements in Portita South appears in the area that has
been impacted by storms since 2018, with a breach forming
between December and February/March. This area also
corresponds to the former Portita Inlet, which was artificially
closed in 1974, and is expected to reopen in the near future
due to specific hydrodynamic conditions that will re-establish
the connection between the lagoon and the sea (Stanica et
al., 2024 - Danube4all workshop).

The Periboina sector, despite having similar conditions
to Portita, in terms of currents and sediment supply, remains
almost stable with only a slight retreat. This might be due
to the sand dredged from the Periboina channel being re-
distributed along the shore.

Current measurements show a reduction in erosion
rates in areas that previously experienced high rates of
shoreline retreat. This decline may have multiple causes: a
new equilibrium in sediment distribution, meaning there
was enough sediment in the near-shore system in the
studied period; sediment redistribution of the near-coast
depocentres Sulina and Sfantu Gheorghe mouths (Zainescu
et al.,, 2019); lower storminess in the north-western Black Sea
(Vespremeanu-Stroe et al., 2007, Zainescu et al., 2017), which
decreases erosion.

5. CONCLUSIONS

The Danube Delta shoreline, between Sulina and
Periboina, as observed over 8 years (2016-2023), displays
erosion, accretion and stability across different sectors, with
significant variations in rates and trends. With lower rates

compared to historical data, Sulina sector is accreting mostly
due to the influence of the jetties from the north, which block
the longshore current and facilitate the accumulation of
sediments. The longshore current resumes and starts to grow
in Canalul cu Sonda and Casla Vadanei areas. These sectors
exhibit clear erosional trends, with lower rates compared to
existing studies.

In contrast to existing literature, Sfantu Gheorghe sector
has a shift toward erosion, particularly in the south, deviating
from past positive trends observed in earlier studies.

Due to its dynamics and influenced by the longshore
current, storms and changes in sediment supply, the Sahalin
Spit demonstrates significant change, with Sahalin South
elongating and Sahalin North experiencing erosion.

The Perisor sector exhibits a general trend of erosion,
with higher retreat rates in the northern and central parts,
while the southern section experiences lower erosion rates,
while Periteasca sector is characterised by stability and
slight accumulation, with shoreline conditions remaining
consistent with previous studies. The Portita sectors reflect
erosion and storm-induced breaches, particularly in the
south, while the Periboina sector remains almost stable.

The primary drivers of local coastal dynamics remain
the sediment input and redistribution by waves, currents,
and river processes. While the current study provides
valuable insights, it does have some limitations. The in situ
measurements, though precise, only reflect the shoreline
position at a specific moment and under certain conditions.
To improve future research, it would be helpful to correlate
shoreline data with wave conditions from the day prior to
the measurements. This would offer a deeper understanding
of shoreline changes, as the state of the sea before and
during the measurements plays a crucial role in shaping the
coastline.
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