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Abstract
The paper presents the research undertaken in the coastal area of Kuibyshev Reservoir from Republic of Tatarstan, Russia. The
aim of the research is to assess the erosion rate of the coastline, to identify the most dynamic parts, and to improve the predictions
of the future archaeological sites being under threat from coastal erosion. As a baseline, Soviet aerial images and topographic
surveys were combined in a GIS in order to create a database and a 3D model of the coastline, which will serve as a base for future
surveys. The most dynamic part is located in the North-western part, from 1958 until 1980 (22 years), 150 m from the coastline
being eroded (6.81 m/year), leading to the complete disappearance of the hillfort, only the South-eastern bastion remaining. The
coastline is very dynamic, with an increasing erosion rate from 2012, when the first topographic surveys were undertaken. There
have been proposed mitigation measures, the most significant one is to completely eliminate the exploitation road along the
coastline.
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Introduction and archaeological background

The building of dams and reservoirs and the effect they have
on the ecosystem is well documented in the scientific literature
regarding the disruption of patterns and rates of flow; flow
regulation minimises the extremes of flow, resulting in a lower

flood peak and modifying base flow conditions (Romanescu
and Stoleriu 2014). Moreover, they act as a barrier to sediment
transfer, this having an effect on river structure upstream and
downstream. Not only they affect the hydrological regime,
they induce changes to thermal regimes, water quality, bio-
geochemical fluxes (Brierley and Fryirs 2005), and the local
microclimate. All these factors are contributing to the trigger-
ing and evolution of the coastal erosion processes.

Coastal erosion is a result of the combination of different
factors – both natural and human-induced – with different
patterns in time and space and have different nature (continu-
ous or incidental, reversible or non-reversible). Damages
caused to cultural heritage sites are most of the times irrevers-
ible and data with significant cultural and archaeological value
is being lost. Cultural heritage is an expression of the way in
which a community developed and lived, passed on to future
generations, including customs, practices, places, objects, ar-
tistic expression, and values. Archaeological sites are included
within the branch of cultural heritage – tangible – immovable.

Worldwide, studies regarding the destructive effects of nat-
ural (Romanescu and Nicu 2014, Sdao and Simeone 2007,
Margottini et al. 2015, Nicu 2016; Nicu and Romanescu
2016; Nicu 2017a, 2017b), and anthropogenic factors
(Lazzari et al. 2006; Gainullin et al. 2016) on cultural heritage
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are widespread; especially ones located in coastal areas
(Gontz et al. 2011, Westley and McNeary 2014) susceptible
to floods (Lanza 2003; Anderson and Neff 2011; Iwasaki and
Santoro 2013, Wang 2015), or that are under the direct effect
of the backwater processes, the mechanic action of waves or
aggradation (Beach and Luzzadder-Beach 2008, Nicu 2016).
Russia has one of the richest and diverse cultural heritage in
the world. A number of 26 sites are listed in the UNESCO
World Heritage List, of which 16 monuments and 10 natural
places. The protection and management of cultural heritage in
Russia is a sensitive spot, due to the complex political back-
ground of the country; the laws adopted for the protection of
cultural heritage have changed during Soviet Russia and after
the collapse of the USSR. Nowadays, cultural heritage is
protected by Federal Law 73-F3, On the Objects of Cultural
Heritage (Historical and Cultural Sites) of the Peoples of the
Russian Federation (Petrov 2010).

Soil erosion processes are responsible for reducing the stor-
age capacity of the world’s on-land reservoirs by more than 1%
annually; on-land reservoirs have high siltation rates. Soil ero-
sion and reservoir sedimentation rates will be accelerated in the
future due to the severity of storms and global warming (Yang
et al. 2013). Despite all the efforts worldwide being consider-
able, in Russia, only a few studies have close connections with
monitoring and assessment of the archaeological heritage
(Hendrickx et al. 2011, Gaynullin et al. 2014, 2016, Table 1).
The total number of monuments annually influenced by natural
erosion processes in the Republic of Tatarstan is around 400.
The most affected area, according to the Ministry of Ecology
and Natural Resources of Tatarstan, is represented by the coast-
line located in Spasskiy district, with the highest number of
heritage sites that are under the direct effect of natural (24)
and anthropogenic factors (294). From these, a number of
216 are under threat due to hydro technical works. The earliest
of the studied monuments in the region belong to the Upper
Paleolithic-Mesolithic period. All of them, located on the third
terrace remnants, are being destroyed or have completely been
destroyed by the reservoir. Along with these monuments, tools
(stone, flint), fossilised bones belonging to animals were also

found. To the Neolithic period belong about 25 sites. Within the
study area, there are many monuments from the Bronze Age,
second half and the end of the of II millennia BC (100 sites).
Most of them, as well as the earlier sites, located in the prox-
imity of reservoir, are presently either destroyed or are under
threat of destruction. A group of monuments of the Early-
Ananyino transitional period from the Bronze Age to the
Early Iron Age is also on the negative impact of the reservoir.
This territory becomes densely populated before Bulgar time
(V-VII centuries AD) and is characterised by a high density of
monuments of Imenkovo culture.

Study area

The study area is located in Spasskiy municipal district
(Fig. 1), on the left bank of Kuibyshev Reservoir. The
Republic of Tatarstan is located in the eastern part of
Russian Federation, on the East European Plain, and with a
surface of 67.836 km2 occupies 0.4% of the total surface of the
country. The capital of republic is the city of Kazan, located
approximately 800 km east of Moscow. 31 km south-west
from our study site is located the Bolgar Historical and
Archaeological Complex, part of UNESCO World Heritage
List (2014). It represents evidence of the existence of Volga-
Bolgars civilisation (7-15th centuries AD), and was the first
capital of the Golden Horde in the thirteenth century; a sym-
bolic reminder of the acceptance of Islam by the Volga-
Bolgars in 922 AD and still is in the present a destination for
Tatar Muslims pilgrims. Over time, this site was the backbone
of the development of other sites around it. There are approx-
imately 120 sites along the coastline from Kuibyshev reservoir
and downstream Volga river, visible in Fig. 1b.

The region is at the confluence of two large rivers Kama
and Volga; Kama River being left side tributary of Volga River
with a decrease of runoff volume from Late Glacial (225 km3)
until present (119 km3) (Sidorchuk et al. 2009). With an area
of 6450 km2, a volume of water of 58 km3, and a length of
510 km makes Kuibyshev reservoir the largest in Eastern

Table 1 The coast of Russia’s reservoirs classified accordingly to the degree of development of destruction processes (Exogenous geological hazards 2002)

Type of danger Specific destruction
volumes, thousand.
m3 / km * year

Destruction
prevalence, %

The average destruction
rates on reservoir shores,
m/year

Specific land loss,
n*10�3 ha/km*year

The average destruction speed by
single sites and reservoir evolution
stages, m/year

stage 1 stage 2

Extremely dangerous On local sites on landslides with volume 80–1 00 thons m3 >30 >10
Very dangerous >12 30–70 0,7–3,0 50–160 10–30 3–10
Dangerous 6–12 25–60 0,4–2,2 30–50 5–10 1,2–3
Moderately dangerous 1,5–5,0 0,5–1,2
Slightly hazardous <6 20–45 0,1–1,9 10–30 <1,5 <0,5
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Europe, with a mean depth of 9.3 m (Ratushnyak 2008). The
specific sediment yield of the Kuibyshev reservoir is 3.05 t/
km, and the rate of sedimentation has a value of 6.97 103 t/ha/
year). The erosion rates (t/ha/year) and the specific sediment
yield (t/km2/year) from the most important river basins of the
Kuibyshev reservoir are as follows: Cheptsa (11.2 t/ha/year;
730 t/km2/year), Civil (8.4 t/ha/year; 520 t/km2/year) and B.
Cheremshan (3.0 t/ha/year; 133 t/km2/year). Cheptsa catch-
ment has the highest values out of the total number of catch-
ments analysed by Golosov and Belyaev (2010). Overall, the
sedimentation rates in the Volga River reservoirs are not very
high, due to relatively low erosion rates; the highest values of
sedimentation rates belong to the Kuibyshev reservoir, com-
pared with Rybinsk reservoir (0.95 103 t/ha/year) and Uglich
reservoir (2.55 103 t/ha/year). It is the oldest reservoir in the
Volga-Kama cascade, the surrounding area has a very high
potential regarding geo sites with a significant aesthetic value,
natural landscapes, historical and cultural heritage sites, and a
good infrastructure, which recommend this area for the crea-
tion of a national geopark (Vdovets et al. 2010).

Geologically the area belongs to the West Zakamsk low-
land plains of forest-steppe Zavolzhje (east of Volga). The
territory is composed of Permian (Upper Kazan, Tatar),
Pliocene (Upper Tertiary) and Quaternary sediments. The area
is mainly composed of Quaternary sediments that formed the
Volga-Kama terraces (Fig. 2) and shaped the present
hydrographical network, whereas eight palaeohydrological
phases were determined from high and low fluvial activity;
the last active phase corresponds to Little Ice Age (Panin and
Matlakhova 2015).

The climate of the area is temperate-continental. The char-
acteristic features of the climate are great variability of tem-
peratures, frequent thaws, a rapid increase in spring tempera-
tures and prolonged autumn. Irregular from year to year, pre-
cipitation sometimes leads to drought. The average annual
temperature is 3.6 °C, the average temperature in January is
�12.1 °C and 19.6 °C in July. The average precipitation is
approximately 530 mm and snow cover lasts on average
141–164 days/year. Formation of Kuibyshev reservoir result-
ed in local climate changes (the increase of absolute and

Fig. 1 a General geographical location of the study area. b Location of archaeological sites along the Kuibyshev Reservoir before the dam building (base
map from 1945, scale 1:100,000)
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