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Axunopa banmakoea

Abstract. Sea level rise is one of the effects of climate change and the Black Sea is affected, regardless its isolated po-
sition from the World Ocean. As a consequent, in various locations worldwide is reported shifting of foredune ridges
towards inland and overlapping of newly formed ridges over older secondary features, as parabolic dunes, dune fields,
etc. During the field study in 2023, in the Kavatsite foredune ridge was observed such migration of newly formed
accumulations on older grey dunes. Comparative analysis of UAV-based photogrammetry and generated orthophoto
mosaic overlaid to archive aerial images from the early 20th century showed over 20 m migration of the primary dune
ridge inland and also increased beach erosion. Regarding the accelerating sea rise tendency, special attention should
be taken to the anthropogenic activities in the coastal zone, including the beach-dune systems — the first natural barrier
to the wave action on coasts.
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Introduction

One of the broadest effects of climate change is the
global sea level rising, which, as reported the In-
tergovernmental Panel on Climate Change (IPCC)
every year, has a vast environmental and socio-eco-
nomic consequences, such as changing the position
of the shoreline, increasing erosion and flooding,
loss of habitats, victims and infrastructure damage
(www.ipcc.ch). As a main morphological response
of the raised seas, many authors (e.g. Bird, 1985;
Davidson-Arnott, 2005; Nicholls et al., 2007) point
to an increased mobilization of sediment and the
accumulation of sand from the foredunes in the
coast zone towards inland. At the same time, Psuty
(2004) and Psuty and Silveira (2010) summarized
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multiple situations and explained theoretically fore-
dune development, which is maximized at times of
slightly negative sediment budget. According their
calculations, if a tendency of rising sea level exists,
this will lead to foredune erosion through gaps and
blowouts, as it is exposed first on the wave action.
In this process, the most likely outcome would be an
inland displacement of the entire beach-dune profile
(Pethick, 2001). However, from a sediment budget
perspective, the site of maximum foredune devel-
opment would shift toward the direction of greater
sediment availability. Thus, foredune crest migrate
inland and in various sites worldwide are reported
accretion of parabolic dunes (Psuty, Silveira 2010).

The Black Sea level is considered as relatively
stable as it is slightly connected to the Ocean and far
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from areas of melting ice masses. However, accord-
ing to oceanographic studies for the period 1928—
2011 (www.niggg.bas.bg), the Bulgarian shore ex-
perienced about 1.4-2 mm per year average level
rise!, as for the period 1928-1970, the trend showed
continuous rising and afterwards, oscillations be-
come more sustainable. Sea level of the Bulgarian
sector of Black sea experienced fluctuations during
the Holocene, which are presented by slight oscil-
lations within £2-4 m compared to the present sea
level (Filipova-Marinova, Christova, 2004). These
changes in shoreline position undoubtedly left foot-
prints on beach-dune morphology, which was not a
subject of detailed study up to now. Every beach-
dune system has individual characteristics and in
order to receive actuate data about the possible
impact of sea level change, we need to study more
carefully the nature of the actual setting of the Bul-
garian accumulative coasts.

This study was concentrated on Kavatsite-North
and Kavatsite-South, i.e. the northern part of Kavat-
site coast and the main aim of this work is to present
an example of variations in morphodynamics of a
single beach-dune system. Such study corresponds
to other case results worldwide and suggests using
the landforms morphology as indicator about more
global tendencies, such are sea level change.

The Kavatsite beach-dune system: settings
and position of the foredune ridge

The accumulative coastal landforms along the Bul-
garian coast are more than 70 beaches, including
19 beach-dune systems (Stancheva, 2010; Stanchev
et al., 2013). Late, Prodanov et al. (2023) reported
46 beach-dune systems divided into 62 dune sec-
tors with a total area of 988.21 ha (0.0089% of Bul-
garian territory) and a total length of 73 km, 14%
of the 517.8 km shoreline (Prodanov et al., 2023).
Popov and Mishev (1974) point that they are preva-
lent along the southern Bulgarian Black Sea coast.
One part of them, the Medni Rid-Strandzha coast-
line, consists of approximately 32 km of beaches
(Prodanov et al., 2023), separated by cliff capes.
The Kavatsite beach-dune system, south of Sozopol
town, is a bay between the Bodzhaka and Agalina
capes with a total length 2.15 km. The coastline of
Kavatsite is formally separated into 5 sectors: Ka-

! There are numerous geodetic studies for different periods after the
establishment of the mareographic network along the Bulgarian sea
coast. In this study are used data for the last calculated period of sea
level measurements (1928-2011), with taking into account the local
vertical movements, registered by perennial geodetic survey. These
data are published on the official website of the National Institute of
Geophysics, Geodesy and Geography (NIGGG) and are part of a joint
project of the Geodesy, Cartography and Cadastre Agency (GCCA),
NIGGG and the Insitute of Oceanology (I0) — Bulgarian Academy of
Sciences (BAS).
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vatsite-North, Kavatsite-South, Smokinite-North,
Smokinite-South and Veselie, named after the
campsites, located along this coast.

The beach-dune systems are a valuable recrea-
tional resource but also have a conservation signifi-
cance as natural habitats and are a subject to pro-
tection from negative human impacts. Out of the
ecological significance, they have protective func-
tions on the coastal area as a natural barrier towards
strong waves and winds. Unfortunately, dunes are
highly sensitive to natural degradation and anthro-
pogenic activities.

Still, the foredune ridge of the Kavatsite beach is
part of the Protection area “Pjasachna Lilija” (mean-
ing “Sand lily”) and, therefore, is well preserved,
regardless of some blowouts and anthropogenic
cuttings. The foredune is an elongated sand ridge
almost without interruptions in Kavatsite-North,
then preserved only in the north part of Kavatsite-
South, where the ridge crest has a star pattern. The
foredune continues behind the Smokinite and Ve-
selie beaches (destroyed in the southern part by a
hotel on the beach), where it is well-presented and
wider. In the studied area (Kavatsite-North and Ka-
vatsite-South) the total length of the contemporary
preserved foredune ridge is about 480 m along the
coast. The ridge is interrupted by the building of the
restaurant “Sinjo Lyato” (a construction from the
60s-70s of the 20th century), the path towards the
beach on the border between the Kavatsite-North
and Kavatsite-South campsites and some blowouts
on the ridge face behind the Kavatsite-South beach.
The ridge is around 30-35 m wide, with a relative
height around 2-2.5 m above the toe part.

Materials and methods

During the field study, initiated by the Ministry of
Environment and Water (MoEW) of Bulgaria as
part of a procedure for field identification of dunes
and defining of their spatial distribution, conducted
in the summer of 2023, UAV-based photogrammet-
ric measurements were made, combined by GNSS
survey in order to increase the photogrammetric
accuracy. Archive photogrammetric materials for
2021 and 2022, as well as old aerial photographs
(1918), were provided by the Institute of Oceanol-
ogy — BAS. These data were completed by georef-
erenced topomaps sc. 1:5000 (1974), Geological
Map sc. 1:100 000 (map sheet Pomorie) and gener-
ated DEM via algorithm integrated in GRASS GIS
8.2.1 software. Landforms within the beach-dune
system were identified based on field and analytics
results (morphometry and sedimentological analy-
sis). Dune features — primary and secondary were
compared with the results of vegetation observation
and classification of dune types. Field measure-



ments and archive imagery were integrated in GIS
database and further analyzed in order to obtain the
results of this study (Fig. 1).

Results and discussion

The beach width of the northern part of the Kavat-
site Bay in the period of observation is between
29 and 38 m to the zone of recent accumulation of
beach sediments and toe part of the primary dune
ridge (field identified). The beach stripe manage-
ment, which includes cleaning and maintenance
of holiday infrastructure, is provided by a private
company and their actions cause deformation of
the natural beach profile. However, beach align-
ment reaches the toe part of the foredune, which is
also a protected area, secured by a wire fence. The
primary dune windward slope is convex, to 15-35°
steep and consists of one step formed by the con-
temporary incipient (embryonic) dunes ridge (up to
0.7 m) attached to the higher and steeper foredune
ridge (up to 2-2.5 m). The vegetation cover of this
windward slope is sporadic to scattered and con-
tent primary dune species, which define the dunes
as embryonic to white (Fig. 1-4) (Tzonev, 2015a,

Accumulation zone
Foredune ridge
Secondary dune ridge
' Dune blowouts

— Crest line

2015b). The ridge crest is wide and flat, and the
back slope is almost fully covered with a dune veg-
etation and defined as gray dune (Fig. 1-3) (Tzonev,
2015c). Such overlapping of primary and older dune
ridges was the first sign of migration of the fore-
dune ridge inland, which was observed in the sum-
mer of 2023. Moreover, the wire fence was installed
3 years ago (verbal communication with employees
of the MoEW) when it was following the dune toe.
In the time of field observations, the toe slope of the
primary dune increased up to 5 m towards the sea.
Overlaying the archive image from the begin-
ning of the 20th century shows that the primary
dune ridge migrated towards the inland by more
than 20 m and the beach also shortened with over
20 m (Fig. 1-1). That means that the beach erosion
on this part of the accumulative coast is consider-
able, although the beach position and size varies
in too small temporal episodes and comparison of
two occasions is not sufficient enough for general
conclusions. At the same time, such retreat of the
foredune ridge towards the secondary parabolic
dune features explains the coexisting of grey dunes
overlapped with white dunes on the contemporary
foredune at Kavatsi-North and Kavatsi-South.

Fig. 1. Comparative analysis of field and imaginary data of the Kavatsite foredune: /, archive aerial imaginary from 1918 with
overlaid landforms, identified during the geomorphological study in 2023; 2, orthophoto mosaic (resolution 3 cm) generated from
UAV-based photogrammetric measurements, made in 2023 with overlaid landforms, identified during the geomorphological study;
3, contemporary foredune crest (white dune) overlapping older secondary parabolic (grey) dunes; 4, contemporary incipient (em-

bryonic) dunes overlapping the foredune ridge (white dune)
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Conclusions

The Kavatsite beach erosion, established with com-
parative analysis of imaginary data, needs to be
confirmed by monitoring results. But, the results
from overlapping the primary and secondary dune
features observed during the field study in the sum-
mer of 2023 and correspondent studies worldwide
leads to a suggest that this could be an outcome of
the Black sea level rise tendency. Every beach has
individual characteristics and the Kavatsite beach
erosion rates could be accelerated with local sub-
sidence, but the results of our observations of the
foredune could be taken as indicative and a start to a
broader research of this issue. The increased anthro-
pogenic pressure on the beach in the last decades
also increased the beach-dune system erosion pro-
cesses and should be taken into account.

If the results of this study are confirmed by fur-
ther observations and as the dune ridges are natu-
ral fortification of the coast areas, special attention
should be taken to protection activities towards
dunes in the area in order to prevent consequences
as coast erosion, extreme wave action, habitat lost
etc. They will affect not only natural features on the
beach-dune system but also installed facilities and
economics in the area.
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