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ABSTRACT 

  
This paper deals with main types of operational-territorial units used in the spatial analysis of slope 

erosion development. The analysis of the entire system of operational-territorial units used in the study of 
slope erosion processes in the plains of the temperate zone of the Earth, shows that a drainage (river) basin is 
an operational and territorial unit most suitable for this purpose. This is because of the fact that the basins are 
a geosystemic formation and reflect the specific nature of surface slope runoff, due to which a range of ero-
sional processes occurs. An important feature of the basin approach is the simplicity in defining these units in 
the geographical space and the reasonable transition to other scale levels due to hierarchy feature of river 
basins. Their limited use is associated with the landscape specifics of the terrain: such as ice and arid zones of 
the Earth. We have electronically mapped the territory of lowland and upland landscapes of the eastern part 
of the Russian Plain with total area of 150,000 km

2
 by defining the boundaries of 3,331 basins used in the anal-

ysis of soil and gully natural-artificial erosion. Other types of operational-territorial units such as the regular 
geometric grids, the political-administrative division, and sample characteristics can be used for collection of 
data geobank but poorly suited for identification of erosion patterns. Landscape territorial units allow perform-
ing a stiffly accurate spatial analysis of erosion and its determining factors. The factor limiting their use is the 
complexity of landscapes defining, lack of their internationally standardized taxonomy and poor cartographic 
exploration of the territory at regional and local generalization levels. 
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INTRODUCTION 
 

The choice of the so-called operational-territorial unit (OTU), adequate to a current problem, is of 
fundamental importance when conducting a spatial analysis of a natural or social process or phenomenon. The 
choice of OTU type is largely determined by the object of study and the geographical position and specifics of 
the landscapes of a certain territory. The most common OTU type used in studying the socio-economic phe-
nomena is the administrative boundaries. When studying natural phenomena, OTU may vary depending on 
the process or phenomenon. It may be either a separate slope or a whole mountain range, or a landscape (or 
its taxon), or a drainage basin.  
 

TECHNIQUE 
 

When studying the slope erosion processes on the territory of the Russian Plain and choosing the type 
of OTU, we proceeded from the following conceptual approaches. Firstly, it had be a task of required generali-
zation level. A type must match the regional level or scale of 1:200,000 in order to ensure both the representa-
tion of the contours of eroded soil and gully dissection, and a set of diverse thematic information. This infor-
mation, in turn, should be well spatially distributed to ensure the analysis of basin erosion processes. With a 
view to the chosen level of generalization, we require such type of OTU, which will ensure a hierarchy, i.e., the 
transition from one scale to another. Secondly, we had to ensure the principle of continuity. This assumes a 
lack of "holes" in the territory, which must be covered with a continuous network of OTU. Thirdly, the choice 
of OTU must take into account the physical laws of the process under study. Fourthly, OTU must easily stand 
out against the ground and we could use modern information technologies for their demarcation and spatial 
analysis. All currently existing OTU have found application in the practical studies of erosion processes. We 
shall consider their features and choose the type of OTU most suitable for use in humid landscapes of the 
temperate zone of the Earth. 

 
Sample characteristics or use of key sites as the OTU. These sites are usually represented by the indi-

vidual elements of the river valleys, small drainage basins, and experimental farms. We used the similar type of 
OTU to solve a number of tasks: working out the decrypting signs upon identifying the structure of the basin 
erosion; establishing the typical standards of humus horizons of unwashed soil and determining the intensity 
of soil wash in arable land.  
 

All obvious advantages common to these territorial units have become unsuitable for regional studies 
of erosion development. It primarily concerns the representativeness of OTU and reliability of using data in 
geographical extrapolation of observation results. 
 

Geometric regular grids are widely used in quantitative evaluation of the erosion factors such as 
length, steepness, slope exposure, relief erosion potential, etc. [1-4]. Methodologically, this approach succeeds 
a method of systematic sampling widely used in geographical research [5]. While these OTUs are rarely used in 
assessing the propagation of erosion processes. Lack of geometric grids in the study of erosion is obvious and 
is primarily due to generalized spatial reference. In addition, the grids cannot reflect the conditions of for-
mation of surface runoff. Distinct advantages of such grids lie in the ability to select a grid pitch and quickly 
obtain large amounts of factual material, and in the convenience of spatial modeling.  
 

We used the regular-shaped grids when needed to enrich the database of erosion factors and its zon-
ing. These OTUs are indispensable in the development of GIS technologies for data collection, storage and pro-
cessing. They are also the most effective means of creating the map data geobanks [6-8], and convenient for 
automation of mapping of different content. As a positive example of the use of OTUs we can refer to the ex-
perience of drawing up soil-erosion plans for the US County [9] and the works by the author on the assessment 
of erosion in the eastern part of the Russian Plain. 
 

The political-administrative and economic division is most frequently used when describing the prop-
agation of erosion. Small-scale evaluation of the process involves subjects of Russia as the OTUs, medium-scale 
involves municipal districts, and large-scale evaluation involves individual farms. At first glance, these OTUs 
may well be used in the study of erosion. Firstly, it is of their captivating simplicity of demarcation of territorial 
units. Secondly, the values of washed-off soil areas are calculated with the use of large-scale maps and cannot 
be generalized upon transition to the regional level. The available information of the inventory plan on areas 
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under arable land, hayfields, road networks, settlements, hydrographic objects, etc., assumes significant im-
portance. In addition, the farm grid is narrow enough and could be used in a regional assessment of erosion. At 
the same time, we know well about random nature of the boundaries between farms, which often differ from 
natural boundaries. 

 
Landscape approach is considered the most reasonable in the analysis of environmentally unfriendly 

processes. It maximally takes into account the diversity of natural conditions in the typological units of differ-
ent taxonomy. At the same time, we cannot pass over a range of existing problems. Here are some of them. 
This is primarily true of the choice of a specific natural boundary, running which is always a willful act and 
therefore is of subjective nature [10]. There is also a lack of single-valued relations between the units of physi-
ographic and landscape taxonomy [11]. Another problem is a poorly studied landscape. No medium-sized 
landscape maps are available for the area of research. Speaking about the already published maps, we can 
mention only the small-scale physiographic schemes of the Middle Volga and a “Landscape Map of the USSR” 
as an example [12]. These materials can be used in challenging the erosion study only in the first approxima-
tion. There is an obvious fact of very limited use of landscapes as the OTUs when studying the erosion pro-
cesses. As usual, this approach is declared only. This is largely due to high complexity of landscape mapping, 
lack of the necessary material, and to the requirements for the qualification of a researcher. Both theoretical 
and methodological support of the landscape approach in the study of erosion processes is given in papers [13, 
14], and in other works. Relying upon the landscape basis is the only way to successfully address one of the 
main problems of the erosion studies, such as identification of types of soils, their systematization and the 
development of regional erosion models. Foreign studies implement the landscape approach in terms of ero-
sion upon studying the parameters of water balance of basins and regularities of slope runoff formation, con-
sidering the diversity of soil sequences and other parameters, which has been defined as a landscape-
ecological approach. Such works are usually carried out on small experimental sites [16, 17]. 
 

RESULTS 
 

Analysis of different types of OTU used in studying the erosion processes suggests that the basin ap-
proach is the best one to be used in the plain landscapes of the temperate zone of the Earth. 

 
The basin approach used in the structural and functional analysis of the environment, including erosion, is con-
sidered the most acceptable OTU. The rationale for this approach can be found in numerous publications by 
both domestic and foreign researchers [18-24]. The basin principle was declared as a fundamental one for the 
regional studies in the territory of Russia, and 20 basin districts were created as the main administrative units 
for use and protection of water bodies. 
 

The basin approach is most commonly used in the assessment of solid river runoff, and gully erosion, 
and lesser in the study of soil erosion. Depending on the scope of works performed, the size of the basins un-
der analysis varies greatly: from tens of thousands of square kilometers [25] to a few hectares upon allocating 
the so-called morphological units [19]. In the first case, all basin characteristics are very generalized. Using 
morphological units gives good results in the development of empirical dependences of soil loss in the slopes, 
and in the study of erosion mechanism by a detailed record of various indicators. During the investigation of 
erosion processes, the basin size is usually limited in accordance with the scope of work, defining it as elemen-
tary. In this case the procedure of defining the basins in order of their hydrographic network is considered rea-
sonable. In our studies of the basin erosion structure we used the tertiary basins. We also chose the secondary 
and tertiary basins to analyze the process of areal erosion. 

 
The choice of river basins as the basic territorial unit of analysis is determined by a number of advantages over 
other types of the above OTUs. We shall note the key features: 
 

 A river basin has all features of geosystems such as integrity, uniqueness, hierarchy, stability, and self-
regulation. 

 A river basin is characterized by a unidirectional flow of substance and energy. It has the so-called sys-
tems with horizontal connections formed therein. In this sense, the basins form anisotropic category 
of structures, which are characterized by unidirectional gradients real-energy fields and the corre-
sponding lateral geoflows [26]. Our studies of the structure of basin erosion firmly confirm these 
properties of the basin geosystems. 
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 Objectivity and relative ease of isolating the boundaries. The ability to "design" the OTU upon chang-
ing different scales. This allows using the basin as a topological unit upon sequential transition from 
one scale to another.  

 The basins allow simulating can simulate the processes of erosion and runoff, and setting up the bal-
ance equations with maximum reliability. 

 The first-order basins are characterized by morphological landscape structure similar in both composi-
tion and spatial organization. 

 
As a result of using the basin approach, we have defined 3,331 discharge basins in the area of more 

than 150,000 km
2
 in the territory of the eastern part of the Russian Plain. These are the basins of tertiary rivers 

and their interbasin spaces. Thus, the OTU grid covers the territory under study in planar manner. We have 
drawn an electronic vector map of the basins (Figure 1) with the use of automated methods of analysis of digi-
tal terrain models [21-23]. We have counted both the areas of eroded soils and the density of gully system in 
each basin. In addition, we have obtained for each basin the subject information on more than 40 parameters, 
which allows us to make quantitative evaluation of the role of each factor in the development of erosion, to 
identify its basic laws and define zones of erosion occurring and developing on the slopes of basins in this vast 
region of the Earth. 
 

Despite all obvious advantages of the river basin approach, it also has several drawbacks and cannot 
be considered universal. Thus, it is problematically used in the semi-desert and desert landscapes, in a low-
level and heavily waterlogged relief, and in the belt of high-mountain glacial landscapes. It also seems difficult 
to reasonably run boundary lines of the basins in case of very wide discharge basins. 

 
 

 
 

Figure 1: Territorial demarcation in accordance with the soil erosion intensity 
 

Fig. 1. -no  arable  lands; 2 - very ittle  erosion; 3 - slight  erosion; 4 - moderate  erosion; 5 - severe  erosion; 6 - very severe erosion 
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SUMMARY 
 

In our paper we have analyzed different types of OTU for the purpose of spatial analysis of slope ero-
sion. We have determined that the types of operational-territorial units such as the regular geometric grids, 
the political-administrative division, and sample characteristics can be used for collecting data geobank of ero-
sion processes but poorly suited for identification of erosion patterns. The best type of OTU for these purposes 
is a river basin and landscapes represented by terrains and stows. 

 
We have drawn an electronic vector map of the basins of tertiary rivers and their interbasin spaces for 

the territory of the eastern part of the Russian Plain of more than 150,000 km
2
 with the use of automated 

methods of analysis of digital terrain models. We have drawn a range of subject electronic vector maps of the 
studied territory, which show the development of soil and gully erosion. The above map of soil erosion based 
on the basin approach demonstrates good opportunities for the spatial analysis of erosion processes. 
 

CONCLUSION 
 

Thus, the analysis of the entire system of operational-territorial units used in the study of slope ero-
sion processes in the plains of the temperate zone of the Earth, shows that a drainage basin is an operational 
and territorial unit most suitable for this purpose. This is because of the fact that the basins are a geosystemic 
formation and reflect the specific nature of surface slope runoff, due to which a range of erosional processes 
occurs. Another important feature of the basin approach is the simplicity in defining these units in the geo-
graphical space and the reasonable transition to other scale levels due to hierarchy feature of river basins. 
Their limited use is associated with the landscape specifics of the terrain: such as ice and arid zones of the 
Earth. Landscape territorial units allow performing a stiffly accurate spatial analysis of erosion and its deter-
mining factors. However, a significant factor limiting the use of this approach is the complexity of landscapes 
demarcation, lack of their internationally standardized taxonomy and poor cartographic exploration of the 
territory at regional and local generalization levels.  
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