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1. Present-day Sate of Erosion

1.1. Introduction, general setting

The Black Sea is one of the largest enclosed seas in the 
world, covering an area of about 4.2 x 105 km2; the maximum 
depth of the sea is 2,212 m and the total volume of water 
- 534,000 km3. Most of this water (the 423,000 km3 that lies 
below a depth of 150-200 m) is anoxic and contaminated 
with H2S. The Black Sea drainage basin covers more than 
2 million km2; more than 160 million people live in this area. 
The largest rivers flowing into the sea are the Danube, the 
Dniester, the Dnieper and the Don. The River Danube is the 
most important European waterway flowing 2,857 km across 
the continent from the Schwarzwald Massif in Germany 
down to the Black Sea. Its water discharge into the Black Sea 
is about 200 km3 of water/year. The Danube drainage basin 
extends on 817,000 km2, more than 15 countries sharing this 
catchment area. 

1.2. The Black Sea coastline

The total length of the Black Sea coastline is over 
4 400 km and belongs to 6 states: Bulgaria, Turkey, Georgia, 
Russian Federation, Ukraine and Romania. The large variety 
of geomorphologic types of these coasts corresponds to 
different geological environments surrounding the Black 
Sea. 
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The Black Sea coastal zone can be divided in 17 main 
zones characterised by different geology and morphology, 
as well as specific littoral water circulation, sediment drift 
systems and sedimentary budget (Fig. 1, Table 2). 

In a more general approach the Black Sea coast zone could 
be subdivided into three main morphodynamic categories, 
with very specific characteristics and behaviour:

1. 	 Low, accumulative coasts mostly related to the main 
rivers mouth zones. This type of littoral zone consists of 
sandy complex barrier beaches with strong longshore 
sediment drift systems; these zones are generally 
characterised by isostatic adjustments of overloading by 
rapid accumulation of sediments (subsidence). 

To this type belongs, first of all, the Danube Delta with 
a very exposed to erosion littoral of about 240 Km; then 
within this type must be considered partly the unit River 
Dnieper liman - Karkinit Bay  (total length of about 618 Km), 
specifically the Kinburn spit - Dolgyi Island section (~ 20 Km) 
and Tendra spit - Dzharylgatch Island section  (~137 Km). 
The Taman - Anapa section of about 200 Km long (of which 
66 Km are the Anapa spit) represents mainly an accumulation 
of sediments brought by the River Cuban few hundred years 
ago, and could be allocated to the same first type of coasts. 
Further to the South, the mentioned type is present within 
the Kolkhida (Rioni) Lowland where the rivers Chobi, Rioni, 
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Inguri and Supsa have built up their deltas. On the Turkish 
coast there are the deltas of Kizilirmak, Yesilirmak and 
Sakaraya rivers, and finally, in Bulgaria, sandy accumulative 
beaches are related mainly to the rivers Diavolska, Kamchya, 
Provadyiska and Batova, summing about 100 Km. 

	 The accumulative coasts of Anapa section, Kolkhida 
Depression, the deltaic sections on the Turkish and 
Bulgarian coasts are located within or nearby zones of 
high relief energy, relatively strong sediment nourishment 
and general uplifting tendency, so their equilibrium state 
is not yet very strongly affected.      

2. 	 Erosive coasts within lowstanding plateaux and plains, 
with active cliffs in lœss and lœss-like deposits, sometimes 
underlain by older deposits as Pontian limestones, 
Meotian clays and Sarmatian lumachelles, with very 
narrow beaches in front of the cliffs. 

	 To this type of coasts could be distributed the North-
Western unit of the Ukrainian coast zone. This unit extends 
from the Northern limit of the Danube Delta (of the Kilia 
secondary delta) to the town of Ochakov (Western limit 
of the Dnieper liman), summing 232 Km.  

	 The Southern unit of the Romanian coastal zone (Cape 
Midia - Vama Veche at the Bulgarian border - about 75 Km 
long), as well as the Northern part of the Bulgarian coast, 
from the Romanian border to Caliacra Cape (about 50 Km 
long) belong to the same type of littoral.

3. 	 Mountainous coasts, with cliffs, marine terraces, land 
slides, sometimes with sandy or gravelly beaches. 

This type of coasts is generally subject to isostatic and 
orogenic uplift. 

	 To this type belong the coasts of Crimea, Caucasus, 
Pontides, Strandza and Staro Planina Mountains, as well 
as of Frangensko and Avrensko plateaux. 

1.3. Coastal erosion in the Black Sea. Factors 
controlling the erosional process

The coastal erosion in the Black Sea represents one of the 
main environmental concerns of the riparian countries. The 
erosion is controlled by:

•	 Global and natural factors. The Black Sea coastlines 
erosion is strengthened as everywhere in the World Ocean 
by the global changes and the general sea level rise. The 
coast erosion will depend on the synergetic effect of 
factors controlling the littoral processes (meteorological 
regime, wave energy regime, water circulation, sediment 
supply and drift etc.), global changes and the consequent 
modification of the energetic level of the coastal sea, 
general sea level rise and regional characteristics 
as shoreline morphology, elevation and geologic 
constitution, subsidence or/ and neotectonic regime. 

•	 Anthropogenic factors. The coast zone erosion and the 
state of the coastal sea ecosystems are strongly affected 
by the anthropogenic activities, the effect of which is 
added to the impact of natural factors. The anthropogenic 
changes of large rivers hydrologic characteristics (water 
and especially sediment supply, regularisation of floods 

Fig. 1 Zonation of the Black Sea Coastal Zone - Sediment movement systems
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etc.), men-made littoral structures as breakwaters, dykes, 
groins, harbours etc. which are modifying the littoral 
circulation cells, the uncontrolled use of beach sand, 
dredging of sand too close to the beaches or within the 
river mouth bars and many other activities are causing an 
enhancement of coastal erosion and endangering of the 
coastal ecosystems.    

The first category of coasts described in the Chapter 
1.2 (Low, accumulative coasts) is the most influenced by the 
global changes, specifically by the sea level changes and by 
the changes in the river sediment inputs. The decreasing of 
sediment supply and changes in littoral sediment drift due 
to anthropogenic activities (river damming, hydro-technical 
regularisation, littoral structures etc.), especially when the 
sandy beaches are low, added to the rising of the sea level 
and the increasing of littoral sea energy could determine 
in certain conditions a very active and almost continuous 
recession of the beach line (up to 20 m/y, as it happens in 
some sections within the Danube Delta littoral). This process 
is causing land losses, environmental changes and economic 
degradation of the coastal zone. If the region represents the 
coastal zone of an important delta which plays an essential 
role in the normal structuring and functioning of ecosystems, 
any changes of delta/sea interaction zone environments 
could be fatal and irreparable.

The second category of coasts described above (Erosive 
coasts within lowstanding plateaux and plains) could be also 
affected by erosional processes but the rates of coastline 
regression do not reach the same values as within the first 
category (only 1-2 m/y). In this case the erosion affects mostly 
the narrow beaches in front of the cliffs. The environmental 
transformations are not so important and consequently the 
economic losses are much lower.

The third type of coasts (Mountainous coasts) is the 
least affected and transformed by the erosional processes. 
Generally, the littoral of this type is constituted of consolidated 
rocks, resistant to the eroding process. In front of such rocky 
littoral there are no beaches or they are very narrow and 
coarse grained (coarse-grained sand and pebbles). If the 
development of tourism is intended one has to build up 
artificial beaches and pertaining protection structures as 
wavebrakers, groins etc. In this case one could affirm that the 
only economic concern is the maintenance of these artificial 
beaches. 

2. Threats to the Coastal Zone 
Generated by Global Changes and 
Anthropogenic Pressure

Taking into consideration the above mentioned 
observations, it clearly appears that the most vulnerable 
sections of the Black Sea Coastal Zone belong to the first 
type (Low, accumulative coasts) described in the chapter 
1.2. Among the coast zone sections referred to this type the 
Danube Delta is the most significant and important.  

The Danube Delta is located in the North-Western part of 
the Black Sea, between 44° 25‘ and 45° 30’ N and between 28° 
45‘ and 29° 46‘ E. The delta plain covers an area of about 5,800 
km2 of which the lower, marine delta plain represents ca. 
1,800 km2. The Danube Delta shoreline is about 240 km long, 
of which about 75 km represents the coastline of Kilia Delta 
and belongs to Ukraine and 165 km is within the Romanian 
territory. 

The marine delta plain is a very low area with marshes, 
lakes and numerous old beach-ridges (very elongated, 
narrow and extremely low altitude sand bodies), which 
in certain zones generate, by juxtaposition, accumulative 
littoral bodies (the main of them are Letea, Caraorman and 
Sãrãturile) with limited dune fields and the highest altitudes 
within the delta territory (+12.4 m in the Letea Formation, 
and +7 m in the Caraorman Formation). About 20.5 % of the 
Danube delta-plain represents areas with negative relief, i.e. 
with an average level below the Black Sea - Sulina reference 
system, about 54.5 % of the Danube delta plain consists of 
areas having altitudes between 0 and 1 m above the sea-
level, and 18 % with altitudes between 1 and 2 m. 

In front of the Danube Delta, the North-Western Black Sea 
continental shelf is very large (over 100 km wide). This part of 
the sea receives the discharge of some of the largest rivers 
from the Central and Eastern Europe – the Danube with a 
water discharge of about 200 km3/yr and the Ukrainian rivers 
(Dnieper, Southern Bug and Dniester) contributing about 66 
km3/yr.  

The present-day longshore sediment drift system off the 
Danube Delta area is directed towards the South (see Table 
2, Fig.2). It is induced by the predominant winds, which are 
from the North and North-East and the most frequent wind 
waves recorded also from NE corresponding to the prevailing 
wind direction. The average maximum heights of wind waves 
in front of the Danube Delta reach 7.0 m. The energy of storm 
waves reaches important values (to 12,242 kWh/m, recorded 
on February 17, 1979), but generally the energy value is about 
2 000 kWh/m (Spãtaru, 1984). The storm surges from N, NE, E 
and SE direction induce water level rises to 1.2 – 1.5 m. The 
tide in the Black Sea has an average period of 12h 25’ and 
amplitudes of only 7 – 11 cm (Bondar et al., 1973; Sorokin, 
1982). The general relative sea-level rise in the delta-front 
area (at Sulina gauge) is estimated at 3.7 mm/a, of which 
subsidence accounts for 1.5 – 1.8 mm/a (Bondar, 1989). 

In such natural conditions, for the Danube Delta the main 
factors of risk are the river flooding and the littoral beach 
barrier flooding by the sea. The climate changes and the 
related sea level rise represent also elements of risk. 

2.1. River Flooding

Flooding events in the Danube Delta occur when the water 
discharges of the Danube River are over 10,000 m3.s-1. According 
to existent records, catastrophic floodings in the Lower 
Danube section took place in 1845, 1853, 1888, 1895, 1897, 
1907, 1914, 1919, 1924, 1932, 1940, 1941, 1944, 1947, 1954, 
1955, 1956, 1958, 1962, 1965, 1970, 1970, 1975, 1980, 1981, 
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1988, 2005. Statistic analysis of the data set for 161 years (1840 
– 2000), concerning the average annual water discharges of 
the Danube River, shows that, at the delta apex, were recorded 
over 89 flooding events. According to the existing data-sets, 
the flooding events with discharges of 10,000 – 11,000 m3.s-1 
along the Lower Danube section have a mean repeatability of 
occurrence of two years (Bondar et al., 2000).

For an easier assessment of the river water level and its 
influence on the delta territory a special measure unit, named 
hydro-degree, has been defined: a hydro-degree represents 
one tenth of the highest water level at a given point. The table 
below demonstrates the impact of flooding on the Danube 
Delta territory by showing the non-flooded areas at different 
stages of rising of the Danube water level.

Table 1 Non-flooded areas of the Danube Delta at different water levels of the Danube River

Geomorphological
categories

Non-flooded area (ha)
Lowest waters

3 hydro-degrees
Low waters

4 hydro-degrees
Ordinary waters 

5-6 hydro-degrees
Highest waters 

10 hydro-degrees
Natural fluvial levees 19,757 15,343 9,850 -
Lacustrine spits 3,005 2,607 2,210 30
Present-day   barrier beach 2,400 2,390 2,380 1,800
Old littoral accumulative bodies, of 
which:

26,215 23,811 21,410 10,000

Letea 
(max. altitude +12.6 m)

12,710 12,185 11,660 7,915

Caraorman
(max. altitude +6.5 m)

5,540 4,565 3,590 165

Saraturile 5,465 4,990 4,515 2,000
TOTAL 72,542 62,131 51,045 13,775

2.2. Littoral Beach Barrier Flooding by the Sea

The present sandy beach barrier along the Danube 
Delta Front is very low (+0.7 to +1.5 m) (Fig. 1a). The lowest 
sections are: Girla Imputita-Cisla Vadanei (about 15 Km long, 
corresponding to the inter-beach ridge depression Rosu-
Lumina), Ciotic-Perisor (20 Km long, corresponding to the 
Zatoane Depression) and Portita-Periboina (about 20 km, 
the present-day beach barrier bordering the lagoon complex 
Razim-Sinoie). These sections represent the most vulnerable 
zones of the delta coastline to the flooding by the sea.

To the natural high degree of risk the anthropogenic 
pressure is added. In the last 20-25 years, the River Danube 
sediment supply diminished severely as the Iron Gates I 
and II barrages have been constructed: measurements and 
computations show that the present day sediment discharge 
dropped by almost 40 % and the real sediment load brought 
nowadays by the Danube into the Black Sea does not exceed 
40 million t/y, of which not more than 10-12 % is sandy 
material taking part in the littoral budget of the delta front 
zone. The effects of this misbalance added to the impact of 

Fig. 1a The profile of the beach ridge along the Danube Delta front between  
the Ukraine-Romanian border (Musura distributary mouth) and Cape Midia
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other anthropogenic structures and to the rise of the sea 
level and the increased energy of the coastal sea bring about 
a very active erosional process of delta-front beaches.

2.3. Risks and Impacts of Climate Change and Sea 
Level Rise 		

2.3.1. Impacts on rainfall and water flow and water resourcess

In accordance with the generally accepted models 
the most important changes in the climate would be the 
northward shift of climate zones, the lengthening of summer 
at the expense of other seasons, the changes of winter 
cyclonic patterns etc.

The models show that the increase of the mean 
temperature by 1.5ºC in these conditions will determine a 
decline of at least 10% of the river flow. This decline combined 
with a decrease of water energy by the rising of the base level 
would substantially lower the fresh water input into the sea.

Lesser and more erratic precipitation will reduce the 
groundwater recharge and will misbalance the fresh versus 
marine water equilibrium. Despite an increased need for 
irrigation water, the average storage in the reservoirs will fall 
as a consequence of decreased river flow and precipitation 
and of increased evapo-transpiration.  Reduction of rainfall 
during the hot summer period might cause deficiency in 
soil moisture, thus degrading soil structure and fertility and 
finally affecting the agricultural production.

2.3.2. Impacts of global changes and sea level rise on the Danube 
Delta territory and on the coastal zone

In response to the forecasted for 2020-2030 SL rise with 
20-30 cm, the regression of beaches will, obviously, continue 
all along the North-Western and Western Black Sea coast. 
Despite a not critical value of SL rise, the impact on the shore 
zone will be strong enough because of cumulated effect of 
the SL rising, wind set-up, the shortage of beach feeding by 
decreased river-borne sediment input (especially of the River 
Danube) and, of course the anthropogenic pressure on the 
coast area. According to Bruun theory and formulas and using 
the specific data for Romanian beaches we can find average 
values for coast recession of  3-5 m/yr.

The change of the base energy level will diminish 
significantly the water and the sediment discharge of the 

Danube River. A very rough model of the SL rise impact on the 
Danube water and sediment discharges shows (Panin, 1992):

•	 a rise of 20 cm of SL will produce a decrease of water 
discharge by 10% at a free water table slope of 1.143 cm/
km and by 26% at a slope of 0.54 cm/km (at the lowest 
water level), the current velocity will decrease by 12% and 
28.6 %, respectively and, correspondingly its sediment 
transport capacity will decline;

•	 a rise by 30 cm of SL will produce a decrease of the water 
discharge by 16% for a slope of 1.143 cm/km and by 47% 
for that of 0.57 cm/km. The mean current velocity will 
decrease by 19% and 50%, respectively. 

The reduced fresh water input would influence the 
general salinity of the Black Sea especially when the general 
SL will rise continuously. This would involve a greater supply of 
saline Mediterranean water by the bottom Bosporus current 
and a decrease of the thickness of the less saline superficial 
layer of the Black Sea.

At the Danube distributaries mouth zone the penetration 
of the salt wedge deeper upstream into their course will 
create a significant disturbance in the processes of transfer 
of bed-load to the mouth bar and further to the littoral zone. 
The diminished sediment input would induce a greater deficit 
in the sedimentary budget of the littoral zone.

As regards the deltaic shore, a rise of SL by 20-30 cm 
corresponds to an equivalent river water rise of at least 3-4 
hydro-degrees. This means that very extended area of the 
delta nearby the shore zone would be flooded and also 
greater flood risks on the entire delta territory will occur 
(Panin, 1992).

The deltaic coast will be reshaped by marine processes, 
but in the more vulnerable sections as Gârla Imputita - Câsla 
Vãdanei, Ciotic-Perisor and Portita-Periboina conditions will be 
met to transform the corresponding intradeltaic depression or 
lagoon areas into bays. Such risk is greater in the Gârla Imputita 
- Câsla Vãdanei section which corresponds to the Rosu-Lumina 
interdistributary depression, in the Ciotic - Perisor section and 
in the Portita-Periboina zone (corresponding to the lagoon 
complex Razim-Sinoie), even if here the beach barrier is at 
present protected by a setback line of embankments limiting 
losses of beach material by over-washing. 
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Fig. 2   Romanian Black Sea coast and the longshore sediment transport model (for the Danube Delta coast zone - Northern Unit). Sediment drift 
(arrows) and transport rates in thousand of cubic meters per year (figures by the arrows). Circled + and - represent advancing and retreating 

sections, respectively (after Giosan et al., 1997)
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Fig. 3  Schematic representation of the litoral drift system of sediments on the Bulgarian section of Black Sea Coast (after Aksenov et al., 1979). 
Legend: 1 - rosette diagram of the energy components in different sections; 2 - alongshore components of the energy fluxes; 3 - limits of compu-

tation sections; 4 - resultant of the alongshore energy fluxes and littoral sediment drift
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Fig. 4 Schematic map of the litoral sediment drift system in the Black Sea Coastal Zone of Georgia (after Kiknadze, 1993)
Legend: 1- Longshore sediment drift direction and relative capacity; 2 - Direction of fine grained sediments migration; 3 - Partial loss of sediments 
towards the deep sea through canyons; 4 - Canyon heads; 5 - Cliffs in hard rocks (metamorphic and eruptive); 6 - Cliffs in conglomerates, sandsto-
nes, marls, schists;  7 - Soft rock and flat relief; 8 - Non-consolidated deposits (peabbles, gravels, sands) forming beaches, terraces, coastal dunes;  

9 - Lacustrine and lagoon deposits.
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