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Abstract: The forest-steppe landscapes on the east of the Russian Plain possess favourable agro-climatic
resources. The evaluation of the suspended sediment yield was performed for the rivers' basin of the East
Russian Plane. The following aspects of the subject were being studied: examination of the calculated values
of suspended sediment yield in the small rivers' basins on the mathematical – statistical model of the sediment
load; building the map of spreading the sediment yield; studying the suspended sediment yield spatial trends
in the small rivers' basins. The study area is located within the forest, forest-steppe and northern part of the
steppe landscape of the Russian Plain and comprises more than 130 000 km . The calculated values of sediment2

yield module for each of 3331 basins of the examined territory were calculated.
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INTRODUCTION documenting SSY, the existence of records covering

Extensive cultivation is responsible for accelerated to provide information relating to a range of scales [1, 2].
soil erosion and suspended sediment yield. For this The evaluation of the erosion processes in the
reason, the study region is figuratively called the “erosion watershed on the modern suspended sediment yield
pole” of Russia. rivers' has some essential aspects which were studied in

The intensity and spatial variation in the operation of a greater detail by V.I. Mozzgerin [3]. In particular, the
exogenic process is influenced by many factors and following outlooks of his work should be stressed: 1) the
studies of the magnitude and spatial variability of initial data about the suspended sediment yield (SSY) is
suspended sediment yield (SSY) in river basins provide a always quantitative and allows to use these materials as
useful means of assessing the impact of such processes. the ideal mode in the studying of the exogenic processes;
The sediment yield of a river basin provides an important 2) data on a suspended sediment yield well correlated with
indication of the rate of denudation in the upstream basin the area denudation – the river's basin; 3) the suspended
and the conveyance loss associated with the transfer of sediment yield for many reasons cannot be the exact
sediment to the basin outlet reflects the balance between measure of the intensity of the landscape forming
erosional and depositional processes in landscape processes in the river's basin. In this respect, SSY can be
development. Since it is related to the intensity of employed for the general evaluation of the intensity of the
mechanical and physical denudation processes, SSY denudation processes in a watershed.
provides a useful variable for comparing different areas or In the light of the information above, the aim of our
regions. Furthermore, contemporary SSY data provide research was to evaluate the intensity of the basins'
valuable information for addressing key geomorphological erosion processes on the sediment load. Two main
issues related to the role of exogenic processes in problems were analyzed: 1) the evaluation of the slope
landscape evolution. SSY data possess a number of erosion processes on the suspended sediment yield in the
important features which make them particularly valuable basins with a data from the longitudinal hydrological
for  assessing  denudation and landscape evolution. observations;  2)  the  examination  of the calculated
These include the use of standard methods for values  of  SSY  of a drifts in the small rivers' basins on the

extended periods and the ability to cover large areas and
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Fig. 1: Location of the study area (within the territory of the former USSR)

mathematical – statistical model of the sediment load; 3) began about 200 years ago. According to archived maps,
and finding the connection of the intensity of the slope the landscape zones which have experienced the greatest
erosion processes with the SSY of a rivers [4-6]. deforestation and pronounced increase in arable area are

Data:  The  study  area  is  located  within the forest, landscape zones [7-10]. The assessment of intensity of a
forest-steppe and northern part of the steppe landscape slope erosion in our Region is carried out by various
of the Russian Plain and comprises more than 130 000 km . methods. Full review of these methods is given in V. N.2

A total of 3331 river basins were included in the analysis Golosov's works [11-13]. These approaches are also
and these have an average area of 40 km . Information on discussed in the studies of A. Collins and D.E. Walling2

erosion on arable land was obtained for the territory of the [14, 15].
Middle Volga, including the basins of the rivers Volga, The objection of our research was to evaluate the
Vyatka, Kama and Sviyaga. During the last 200 years, intensity of the basins' erosion processes on the SSY. The
arable land cover has increased by up to 40–60% and now following aspects of the subject were being studied: 1)
comprises  about  75-85%  of  the total river basin area. examination of the calculated values of SSY in the small
The period of most intensive agriculture in the region rivers'  basins  on  the  mathematical  – statistical model of

the southern forest-steppe and broad-leaved forest
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the sediment load; 2) building the map of spreading the degree are responsible for the total degradation sheet of
SSY; 3) studying the SSY spatial trends in the small rivers' the surface of the rivers' basin and play a role as the
basins. transit channels and sometimes collectors of the slopes'

A database has, for example, been employed for sediments.
constructing  a  map of the spatial zoning of SSY within a In the next step of the research we conducted the
large area represented by the Volga River basin (Fig. 1) calculation of suspended sediment yields' values for the

MATERIALS AND METHODS available information for the existing hydrological points.

Current research in this field within the Institute of equation of SSY [3]:
Geography and Ecology of Kazan Federal University
represent a logical development of the studies of global R  = M  × I  × L  × P  × V , (1)
sediment yield started in the 1970s by Professors A.P.
Dedkov and V.I. Mozzherin [16]. At present our primary where L – the square of the forest, %; M – the unit of
aim is to develop a custom-built GIS to provide a global discharge, l c  km ; I – declivity of basin, min.; V  – the
and regional level synthesis of the suspended sediment primary  erosion's  speed  of  the  rocks  and soils, m s ;
yields of river basins [1, 2, 7, 8, 17]. This will in turn P - the square of the basin, km ; R  - the calculated unit of
provide a basis for spatiotemporal geomorphological SSY, t km  year .
analysis of global erosional systems and exogenic relief For the basins all the given values from the equation
formation. were identified as the waited average indicators of the

In the research the specific data set on the small rivers' watersheds. The study illustrated that the
suspended sediment yield formed by Mozzgerin V. E. and correct decision for the task is possible under the
Dedkov A.P was used. For the territory of the research condition of the exclusion of the basins with an abnormal
there is a data about SSY on 34 hydrological stations. big squares (which are not corresponding with the
Within the borders of each basin (which have materials definition of a small river) and the basins with the square
about the sediment load) based on the watersheds of a of less than 80 km  which have a strong influence of the
small rivers, the averages of the soil, gully and basin azonal factors. The final sample is constituted a data from
erosion (it was evaluated integrally on the mass of the the 22 hydrological stations. The solution of the system
appearance of the soil and gully erosion) were outlined. of formula allows pointing out the indicators of the order

According to the result of the correlation analysis, and the direction of the association. Ultimately, the
the following associations of module SSY R with the formula for the identification of the calculated unit of the
erosion's  indicators  were  emerged:  for  the soil erosion SSY is the following:
r =+0.59; for the gully erosion r =+0.10; for the basin
erosion r =+0.57 (if p<0.01). The results provide a solid R  = R  = M  × I  × L  × P  × V (2)
ground for drawing the direct association between
sediment rivers' loads and the soil erosion (which is The calculated unit of the SSY in the small rivers'
forming in the agricultural areas). In other words, the more basins is positively related with a module of the unit of
intensive the process of the nature-anthropogenic soil discharge and declivity of basin and is negatively related
erosion is, the more SSY arable land cover comes into the with the square of the forest, the square of the basin and
rivers and the higher module of the sediment rivers' loads. the primary erosion's speed of the rocks and soils.
Moreover, the zonal in the soil erosion processes' The equation of regression between the calculated
distribution within the plain's landscape of the East and the factual indication of SSY is the following:
Russian  Plain  is well distinguished. Formerly Dedkov
A.P. and Mozzgerin V.I. highlighted the same R  = 30.8 + 0.66 × R (3)
correspondence for the sediment rivers' loads and its
separate parts of the Humid Plains of the Temperate Belt RESULTS AND DISCUSSION
of the Earth.

There is a less distinguished correlation for the gully Subsequently, the calculated values of SSY module
erosion–a process where the role of the geologic – for each of 3331 basins of the examined territory were
geomorphological factors (azonal in its nature) is more calculated. Based on this data, the electronic vector's map
visible. Gullies compared to soil erosion in the lowest of  the  spatial  indicators   distribution   was  constructed.

small rivers' basins of the East Russian Plain based on the

The analysis was done on the basis of the general
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Fig. 2: Charts of dependency of the module of the slope of the suspended sediment yield (R) in the small rivers' basins
from the sedimentology of rocks. The numbers on the X axis sedimentology of rocks: 1. clay - marl and clay -
limestone  (P );  2.  limestone  and  dolomite  (C - P ); 3. sand - clay (J  – K ); 4. chalk - marl and sand – opoka2 2 3 1

t-u kz

(P  – K ); 5. sand – loam (N - Q); 6. – sand and loamy sand (N - Q )g 2 ï

Fig. 3: The map of the calculated unit suspended sediment yield

The dispersion of the R  values is very high: from 0 to In  general,  the most erosion active areas are relatedr

20015 t km  year  with an average of 711 t km  year . to the groups of basins with the high module of the2 1 2 1

Two third of the basins have the SSY module in the suspended sediment yield. This conclusion is verified
interval from 0 to 500 t km  year . with  the  results   of   the   correlation   analysis:   r =+0,232 1

s
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(for  the  gully's  erosion), r =+0,30 (for the soil's erosion) 2. Maltsev K., O.P. Yermolaev and V.V. Mozzerin, 2012.s

r =+0,31 (for the basins' erosion; the size of the sample Mapping and spatial analysis of suspended sediments

is 3269; p <0,01, the basins covered with forests were yields from the Russian Plain. IAHS Proceedings and
excluded from the sample). Reports., 356: 251-258.

R - is significantly depends on the sedimentology of 3. Mozzherin, V.I., 1984. Geomorphic Analysis ofr

rocks (Fig. 2) and is highly determined by the location of Sediment  Yield  of  Humid  Plains  of temperate Belt.
a basins in a certain landscape region. St.Petersburg University, pp: 545.

The highest indicators of the suspended sediment 4. Yermolaev, O., 2004. Erosion in basin geosystems of
yield module are related to the areas with a development the Middle Volga (from a landscape analysis
of the clay - marl (P ) and sand - clay (J  – K ). The perspective).   IAHS   Proceedings   and  Reports.,2 3 1

t-u

lowest indicators of the SSY module are related to the 288: 60-66.
limestone and dolomite (C - P ) and chalk - marl and sand 5. Yermolaev, O, 2002. Erosion in Drainage Basin2

kz

– opoka (P  – K ), sand and loamy sand Neogene and Geosystems.  Kazan:  Publishing  House   of   KSU,g 2

Pleistocene (N - Q ). pp: 264.ï

The minimum suspended sediment yield (on average 6. Yermolaev, O., 1992. Erosion belts in environmental
of 150 t km  year ) is associated with the Sub-boreal and anthropogenic landscapes of river basins. Kazan:2 1

lowland and upland forest-steppe's landscapes of Volga Publishing House of KSU, pp: 150.
and Kama River. A little bit higher SSY is connected to 7. Yermolaev,  O.,  2013.  Erosion  processes  in  the
lowland boreal landscapes of the South Taiga zone. basin  geosystems  of  Middle Volga Region.

The highest suspended sediment yield (750 – 1300 t Izvestiya of the Russian Geographical Society
km  year ) is located in the Boreal upland landscapes (Izdatel'stva Nauka). Russian Academy of Science T.2 1

of the South Taiga zone (in the areas of the high 145, 2: 66-74.
agricultural activity) and Sub-boreal upland landscapes of 8. Yermolaev, O., A.O. Avvakumova, 2012.
broad-leaved forest zones (Fig. 3). Cartographic-geoinformational estimation of the

spatio-temporal erosion dynamics of arable soils in
CONCLUSIONS forest-steppe landscapes of the Russian Plain. IAHS

In general, the data on the suspended sediment yield 9. Trofimov, A., V.A. Rubtsov and O.P. Yermolaev,
of the rivers can be a good ground for the evaluation of 2009. Regional geoecological analysis. Kazan:
the intensity of the erosion processes on the drainage Publishing House of the "Brig", pp: 270.
basins. 10. Ibragimov,   N.,    R.M.    Gareev,    R.R.   Ibatullin,

The highest indicators of the suspended sediment M.N. Mingazov and O.P. Ermolaev, 2009. Current
yield module are related to the areas with a development status of the ecosystems in the territory of Tatneft
of the clay - marl and sand - clay. The minimum OAO industrial activity. Neftyanoe Khozyaistvo - Oil
suspended  sediment   yield   is   associated   with  the Industry. Sofiiskaya Nab., 5: 108-111.
Sub-boreal lowland and upland forest-steppe's 11. Golosov, V., L.F. Litvin, Ye F. Zorina, A. Yu
landscapes of Volga and Kama River. Sidorchuk and A.V. Chernov, 2003. Erosion and

The reported study was partially supported by sedimentation on the Russian Plain, part 1:
Russian Geographical Society (research project No. 13-05- contemporary processes. Hydrological Processes,
41126-a). 17(16): 3335-3346.
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