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The structure of the Karay river basin by the longitudinal slopes of the river 
beds and the average gradients of water catchments slopes

Relevance of the research
Relief is one of the main factors in the formation of surface runoff and erosion-accumulative processes. Relief determines the differentiation of landscapes even within 

the local territory. A water catchment basin can be called a geofunctional territorial unit of land. The maximum runoff, the depth of groundwater, the intensity of snowmelt, 
the peculiarities of the water regime of the territory, the type of soil, and, therefore, the formation of various ecological communities largely depend on the nature of the 
relief of water catchment area. A wide range of theoretical and applied issues of modern science can be developed using geographic information systems (GIS). In 
hydrology, GISs have become a multifunctional research tool that provides the ability to calculate the numerous morphometric parameters of water catchments, model 
dangerous hydrological phenomena, identify active erosion processes, and solve other problems. The slope of the river bottom determines the main driving force of the 
flow. The greater the slope of the bottom, the greater the speed of the flow and, accordingly, its depth is less.

The slopes of the catchment area and the longitudinal slopes of the river beds, formed by the erosion-accumulative process, largely determine the peculiarities of the 
formation of river flow, the nature of the hydrological regime, as well as the rate of spread of pollutants in emergency situations in manufacturing and in agriculture.

According to the guidelines for the organization of arable land in conditions of water erosion of soils, taking into account the steepness of the slopes is one of the first 
stages of land planning for crops, which emphasizes the importance of studying slopes in the context of studying the structure of the basin.

Abstract
The article deals with the calculation of an important morphometric parameter – the average gradient of water catchment slopes, using GIS technologies. The object of 

the study is the catchment basin of the Karay river (in the upper reaches of the Mokry Karay), located in the South-Eastern part of the Oka-Don plain. A digital elevation 
model (DEM) of the Karay river basin was constructed in GIS MapInfo based on SRTM (Shuttle Radar Topography Mission) images. For the most reliable calculation of 
morphometric parameters, a high-altitude model of the Karay river basin was also constructed on the basis of large-scale topographic maps. The catchment area is 

2determined and the average gradient of water catchment slopes of the largest watercourses (more than 50 km ) is calculated.

Methods and materials
The work is based on original data. Measurements of lengths, areas and 

elevation differences were carried out using GIS MapInfo. To do this, based on 
Shuttle Radar Topography Mission (SRTM) images, a digital elevation model 
(DEM) of the Karay river basin was built. SRTM data accurately conveys the 
relief of open spaces, but they have the disadvantage that radar imagery 
recognizes forests, building roofs and other obstacles that are not «real» 
surfaces. Therefore, for the most reliable calculation of morphometric 
parameters, the DEM of the Karay river basin was also constructed on the basis 
of topographic maps, by means of vectoring contour lines. Then a comparative 
analysis and generalization of the data of the two models was performed.

The longitudinal profile of each of the rivers was constructed according to the 
elevations of the source and mouth of the river, as well as the elevations of the 
mouths of each inflowing tributary. Then, the total fall of the studied rivers was 
calculated, the average slope was calculated, and the type of longitudinal 
profile was determined. The profiles based on scale are made in the graphics 
editor CorelDRAW.

Results and discussion
At the first stage of the study we constructed 11 longitudinal profiles of the 

largest river systems of the Karay river basin. The profiles were built for all 
watercourses with a length of more than 15 km. Concave, rectilinear shapes of 
profiles, as well as slightly concave, which can be considered intermediate, 
were clearly traced in the studied rivers. A smooth concave longitudinal profile 
is typical of lowland rivers, where steep slopes are characteristic of the source 
of the river, and the most gentle – for the lower reaches. A rectilinear profile is 
usually observed in small rivers and is characterized by relatively uniform 
slopes throughout the river bed.

The second stage of the study was the 
calculation of the slopes of the basins. The 
calculations were carried out in the MapInfo 
software environment based on the DEM of the 
Karay river basin that we created. The most 
gentle slopes (0.4-0.5°) are possessed by the 
Lyadovka, Malaya Gryaznukha, Tavolzhansky 
rivers. The average gradient of slopes increases 
to 1-1.4° at watercourses with a larger 
catchment area and a large order in the 
hydrographic network. It correlates with the 
difference in altitude in the main basins: 96 
meters near Mokry Karay and Shcherbedina, 
92 meters near Studenovka, 78 meters near 
Volzhanchik, 74 meters near Sukhoy Karay.

Summary
The forms of the longitudinal profiles of the studied watercourses, and therefore their slopes, are typical of small and medium rivers of the Oka-Don plain. The Karay, 

being a medium river, has the most concave, developed profile. The remaining river bed systems have either slightly concave or rectilinear profile shape. The average slope 
of the river beds ranges from 62 to 313 cm/km. The average gradient of water catchments slopes in the study area is from 735 to 2420 cm/km or from 0.4° to 1.4°.

Altitude map of the Karay river basin

The results of the calculation of morphometric 
characteristics in the Karay river basin
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