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Abstract
This article discusses the factors of gully erosion and their spatial and temporal variation. According to the intensity
of spatial and temporal variability of action all factors are divided into the groups of conservative and dynamic
factors. The conservative group combines geological and geomorphological factors. The dynamic group is
represented by anthropogenic and hydroclimatic factors. In order to explore the current dynamics of gully erosion on
the territory of the Republic of Tatarstan the remote sensing of Earth data were used. Six basic pools, located in
different geomorphological landscape areas, were selected as the objects of study concerning modern gully erosion.
Using multi-temporal satellite images within the studied basins a linear and an area increment of gully systems were
revealed. The major factors of gully erosion on the territory of the Republic of Tatarstan are determined on the basis
of the studied elementary basins.
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Introduction
Gully erosion is one of the most active geomorphological processes which determine the current division of relief,
creating a threat of land and economic facilities destruction that make an impact on the state of hydrographic network
upper parts [1]. The formation and the subsequent development of the gully forms are determined by a set of factors
contributing to the gully appearance and determining the dynamics of its further development. One may determine
two main trends in the study of gully erosion: 1) a comprehensive approach based on N.I. Makkaveeva's concept
concerning the unity of erosion-accumulative processes in the water collection area; 2) the regional approach in the
study of natural and anthropogenic factors specificity. The assessment of various factors impact and their variability
in time and space is important for each of these approaches.
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According to N.I. Makkaveev's concept each link of the erosion network has different order flows and one need to
assess separately the impact of each factor on the erosion activity of each flow network link [2]. The following is
referred to the zonal erosion factors: climatic factors of runoff development, soil and vegetation cover. The azonal
elements are the following ones: geomorphological structure and the nature of the territory cover rocks, modern
tectonic movements and the vibrations erosion basis marks.
A great influence of surface runoff from the slopes occurring during heavy rains and snow melting is made on the
development of erosion in gully network. The relative contribution of snow and rain floods varies depending on the
catchment area. According to N.I. Makkaveev, the catchment area makes about 10-20 km2 in forest zone, 100 km2 in
forest-steppe zone and up to 1000 km2 in steppe zone. Snow flooding is greater than rain flooding at the excess of this
area.
An integrated approach is used during the study of gully erosion in the overall system of exogenous processes
occurring on the plains of the temperate zone [2; 3; 4] and in the mountains of southern Siberia [5]. The authors
specify that the formation of gully network is facilitated by the development of suffusion, due to the formation of
voids in the soil, and recurring natural fires, disturbing the natural vegetation, which leads in its turn to the increase of
surface water runoff by several times.
The intensity of the collapse-scree processes developing on the sides of gullies, depends largely on the combination
of meteorological conditions and the chemical and physical characteristics of the ground, forming the specific slope,
and the periodic occurrence of floods which could take off the material accumulating at the foot slope. Anthropogenic
factors include the following ones: plowing, overgrazing on pastures, the construction of settlements and transport
communications and other violations of the vegetation cover, which protects soil from erosion [2; 3; 6].
Regional studies are divided by study territory and its area. N.N. Nazarov's article "On the issue of gully development
factors in Perm Cis-Ural region" [7] presented the results of the study concerning major factor determination
concerning the development of various types of gullies. The evaluation of factor impact, their variability over time is
determined by statistical analysis of gully formation indicators (mathematical modeling was applied, which includes
up to 36 parameters of gully formation).
Foreign literature divides gully erosion factors into two groups: natural and anthropogenic ones. Anthropogenic
factors include: a) unreasonable land use, b) overgrazing, c) mining, d) road construction, e) vehicle ruts. Four factors
make up the group of natural gully formation factors: 1) relief, 2) precipitation, 3) lithology and soils, 4) vegetation.
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There is lot of information about the reaction of gully systems the on climate change. [8] For example, the annual
amount of precipitation in Western Australia significantly decreased over the past decade, but rainfall intensity
decrease is not observed [9]. There is also a greater impact of changes in land use on the development of gully
erosion than as compared with climate change [10]. Over the past 25 years a significant reduction is observed in the
rate of river system sediment redistribution within the agricultural zone of the Russian Plain. It was influenced by two
main factors. The first of these is associated with a significant reduction in surface runoff during snow melt, resulting
in gross soil loss decrease. The second factor is the most important in the Middle Volga region, it is associated with a
large reduction of arable land area [11]. All studies were performed on the project Russian Science Foundation (RSF)
«Spatial-temporal patterns of contemporary processes dynamics of natural and human-induced erosion on agricultural
lands of Russia».
Materials and Methods
Six elementary basins located in different geomorphological landscape areas were selected as the objects of study on
the territory of the Republic of Tatarstan. The choice of the territory was influenced by: a) the availability of
sufficient amount of source material, b) the location of basins in three physical-geographic regions of the Republic of
Tatarstan: Volga region, Western and Eastern Kama region - two basins in each area for comparative characteristics
of gully formation process in similar physical-chemical geographical conditions. According to the geomorphological
zoning of the Republic of Tatarstan territory (according to A.P. Dedkov, 1999), all selected basins represent a
moderately dissected denudation plain of the lower plateau, which is the denudation surface with the heights of 140160 of Meo Pleistocene age, formed in the periglacial climate [12]. There are also the similarities in the geological
structure of the studied areas. Coating (overlapping) deposits constitute loams, slightly compacted forest sandy loams,
sands, the capacity of which ranges from first meters up to 10-12 m are presented on the territories of all selected
basins. The same value of the average density of gullies (0.4 km/km2) is observed in the basins of Volga region and
Eastern Kama region. In West Kama region this rate 2 was times less (0.2 km/km 2 on the average). The same area is
characterized by minimum depths of erosion dissection, compared with Volga region and East Kama region.
The maximum average density of beams (0.8 km/km2) among the studied areas of the Republic of Tatarstan at
Western Kama region basins, the minimum one (0.3 km/km2) is presented at Volga region basins. There is an inverse
relationship gully density and beam density on the territory of the studied basins. Gully density indicator has
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significant differences. The highest values (0.8 of gully peak number per 1 km2) belong to the basins located in Volga
region. The mean value of gully density for Kama region territory is twice less than in Volga region and makes 0.4.
All elementary pools are located in the areas with a relatively high density of rural population (at least 5 men per 1
km2), which provides the emergence of gully erosion on the territory of the Republic of Tatarstan. The low
percentage of forest coverage (no more than 35-40%) indicates favorable conditions for gully development.
Nowadays, there is a large number of methods for erosion intensity evaluation [13; 14]. In order to study the current
dynamics of gully erosion on the territory of Volga region and Kama region of the Republic of Tatarstan, the data of
the Earth remote sensing were used. Using multi-temporal satellite images within the studied basins a linear and an
areal gain of gully systems were studied. In order to recognize the gully forms the interpretation of images is applied.
Multi-temporal space images were taken from the program with public access Google Earth [15]. We used the
multizone images of high and ultra-high resolution, distributed free of charge in digital form. The selection of images
was carried according to the following parameters: 1) the quality of the picture is high and ultra-high; 2) flight period
(the images of spring and autumn seasons have the highest priority); 3) The time period of images should provide the
possibility to trace the dynamics of gully erosion. In accordance with the time period of selected images the period of
study made 2009 - 2014.
Results
In one year the largest linear increase of gullies is observed in Volga region basin (B.r. Ulema, Shonga r.) and it made
0.7%. An average growth of gullies in the basins of East Kama region made 0.35%. In West Kama region zero result
means that along with the growing gullies there are those which stopped growing and significantly reduced its linear
size. Thus, the increase and decrease of all gully linear dimensions with the basin at the calculation of the average
value led to a zero result. The analysis of areal growth of gullies showed similar results in the studied basins: a) the
maximum areal growth was marked in Volga region basins (2% and 2.3%), b) the areal increase of gullies in Eastern
Kama basins makes 3 times less than in Volga region basins c) the total areal increase of gullies in the basins of the
Western Kama region showed zero results. The most part of gullies on the territory of elementary river basins of East
Kama region had no linear growth during the analyzed period. Approximately 1/5 of all basin gullies had the linear
growth of 1%. Area increase was observed among a greater number of gullies, as compared with the linear growth
indicators. Most part of gullies in the basins of Volga region has linear and areal increase during the study period, as
compared to Eastern Kama basins. There is a significantly less number of gullies which ceased to grow. The basins of
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Volga region show the maximum values of gully density, as well as the values of linear and areal growth. This area of
the Republic of Tatarstan is characterized by an active process of gully formation. The increase of gully formation in
the basins of Western Kama region basins is marked locally. The gullies are determined which have up to 1% of
linear increase and the area increase up to 3% during a year.
Conclusions
The factors have different effects of impact on the modern process of gully formation. The greater the intensity of the
spatial and temporal changes of factor indicators, the greater its manifestation in the development of gully network.
These dynamic factors should be represented by hydroclimatic and anthropogenic factors. Such conservative factors
as geomorphological and geological ones are presented weakly in short time intervals. However, the division into
dynamic and conservative factors is a conditional one, because factor indicators may change greatly during a decade
or two and may change weakly or remain unchanged. The factor relationship plays a special role in this.
According to linear and area growth during the study period, all the gullies on the agricultural lands of the Republic
of Tatarstan can be divided into the following groups: 1) the gullies with a positive linear and areal growth; 2) the
gullies either with a positive linear growth, or with an areal growth; 3) the gullies, which stopped growing and which
are in the process of overgrowing. The basins of Western Kama region demonstrate the process of gully system
reduction during the period of 2004-2014, indicating the process of gully overgrowing and their gradual
transformation into beams. On the territory of all selected elementary basins one of the leading factors of gully
erosion is an anthropogenic one (high density of rural population, large areas are occupied by pastures and meadows,
the presence of linear objects). The reasons of gully formation process local strengthening may be the greatest depth
of soil freezing and an increasing amount of precipitation (climatic factor), as well as large areas occupied by
meadows (overgrazing - anthropogenic factor), which is typical of the basins located in Volga region. The analysis of
gully erosion development factors indicates their considerable variability in space and in time, that is, the factors
which are relevant for erosion within the same elementary basin, become background ones, or change the direction of
links on other sites.
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