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SUMMARY 

The need to preserve and restore the natural environment, to ensure the environmental safety of 
geographical entities are priority conditions for the implementation of a dominant social paradigm – 
balanced development (in harmony with nature). At the same time, river basin is the unit of 
management, planning and design of environmentally safe geographical entities. The use of 
geoinformation technology plays an important role in the study of the structure and morphometric 
parameters of river basins. Based on the data analysis by ASTER GDEM, as well as a digital 
topographic base of 1:100 000 scale in the environment of ArcGis software product and Spatial Analyst 
module, a 3-dimensional model of the earth's surface was designed to study the structure and 
morphometric parameters the Opir river basin. The boundaries of the basin have been determined, 
streams of different orders have been identified. An angle and exposure of slopes were determined. The 
analysis of the structure of the basin and morphometric parameters was performed by comparing their 
mean values and percentages. 
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Introduction 
The need to preserve and restore the natural environment, to ensure the environmental safety of 
geographical entities are priority conditions for the implementation of a dominant social paradigm - 
balanced development (in harmony with nature) (Prykhodko, 2017; Prykhodko et al., 2018). At the 
same time, river basin is the unit of management, planning and design of environmentally safe 
geographical entities (Mylkov, 1981; Korytnyi, 2001; Kovalchuk and Pavlovska, 2008). Management 
in the area of use, restoration and conservation of water and other natural resources by the basin 
principle is provided for by the Water Code of Ukraine, the EU Water Framework Directive 
(Directive 2000/60 EC), the Framework Convention for the Protection and Sustainable Development 
of the Carpathians. The use of geoinformation technology plays an important role in the study of the 
structure and morphometric parameters of river basins. 
 
Method and Theory 
Given the dependence of the condition of water resources on the structural and functional 
organization and economic development of the earth's surface, the management system built on the 
basin principle is the most sustainable one (Korytnyi, 2001; Kovalchuk and Pavlovska, 2008; 
Prykhodko, 2017). 
There are paragenetic relationships in river basins, in which the upper link determines the behavior of 
the lower link, while the lower link integrates the processes and phenomena that take place in the 
upper link. 
Knowledge of features and mechanism of influence of economic activity, consequences of such action 
on functioning of the river basins is the basis for planning (design) and construction of optimal river 
basins from the ecological and economic points of view (Kovalchuk and Pavlovska, 2008; Prykhodko 
et al., 2019). 
Most anthropogenic activities violate the natural equilibrium one way or another and thus create 
certain environmental tension. This is due to the insufficiency or lack of necessary information about 
the individual features of certain basins, which is required to develop measures for their optimal 
functioning, types and amounts of resource use in the basin (Kyryliuk, 2010). 
The research was conducted according to the following algorithm: selection of the study object → 
selection of research scale → selection of the classification scheme to study of the basin structure 
(method of the streams order coding) → determination of the basin boundaries → allocation of 
different ranks of streams in the basin → allocation of sections of the earth's surface directly drained 
by different rank streams within the basin → determination of slope angle → determination of slope 
exposure → creation of a database of indicators that quantitatively characterize the basin structure → 
construction of skeleton maps and tables of the basin structure → analysis of the basin structure → 
conclusions by the results of the research. 
Based on the data analysis by ASTER GDEM (Global Digital Elevation Model), as well as a digital 
topographic base of 1:100 000 scale in the environment of ArcGis software product and Spatial 
Analyst module, a 3-dimensional model of the earth's surface was designed to study the structure and 
morphometric parameters the Opir river basin. The boundaries of the basin have been determined, 
streams of different orders have been identified. The scheme of encoding of the order of streams by 
A. Strahler – V.P. Filosofov was applied. It implies an increase in the order of the stream per one at 
the confluence of two single-order streams. In order to establish spatial differentiation of runoff, 
sections of the basin are directly identified within the basin, which are directly drained by streams of 
the I-V orders (hereinafter catchments). Thus, in accordance with this methodology, the catchment of 
the second-order stream does not include the catchments of the first-order streams that form it and are 
allocated separately, but only that part of the basin from which water flows directly into the second-
order stream. Catchment of the third order stream does not include catchments of the 1st and 2nd 
order streams forming it, etc. The total area of catchments of streams of different orders in the basin is 
equal to the area of the river basin. The boundaries of the river basin and the boundaries of the 
catchments are established by the watershed lines. An angle and exposure of slopes were determined. 
The analysis of the structure of the basin and morphometric parameters was performed by comparing 
their mean values and percentages. (Figure 1, Table 1, Figure 2). 
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Figure 1 Morphometric parameters of the Opir river basin. 
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Table 1 Morphometric parameters of the Opir river basin. 

1. Characteristics of streams 

Streams 
orders 

Number of 
streams 

Length of streams 
Sreams gradient, 

m/km 
Area of catchments of streams 

units % 
total min., 

km 
max., 

km 
min. max. 

total min., 
km2 

max., 
km2 км % km2 % 

І 182 78.4 457.9 66.5 0.9 9.2 3.1 256.1 527.4 62.1 0.6 20.8 
ІІ 38 16.4 111.1 16.1 0.7 9.7 4.4 126.9 141.4 16.6 0.5 14.8 
ІІІ 9 3.89 69.6 10.1 1.1 19.8 10.2 40.4 101.1 11.9 1.6 33.8 
ІV 2 0.9 33.2 4.8 3.2 30.0 7.1 20.3 50.3 5.9 5.7 44.6 
V 1 0.4 17.2 2.5 – – – – 29.6 3.5 – – 

Total 232 100 689.0 100 – – – – 849.8 100 – – 

2. Characteristics of slopes 

Slope Area, km2 % 

 

Aspect Area, km2 % 
0-5° 102.7 12.1 North 150.4 17.7 
5-10° 189.5 22.3 Northeast 110.4 13.0 
10-15° 201.8 23.7 East 69.2 8.1 
15-20° 158.1 18.6 Southeast 92.3 10.9 
20-25° 101.9 12.0 South 142.6 16.8 
25-30° 55.8 6.6 Southwest 108.1 12.7 
30-35° 25.8 3.0 West 76.6 9.0 
> 35° 14.2 1.7 Northwest 100.2 11.8 
Total 849.8 100 Total 849.8 100 

 

 
 

Figure 2 Average values (а) and ratios (b, c) of morphometric parameters 
of the Opir river basin. 
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Examples 
The Opir river is a right tributary of the Stryi river (Dniester basin). It originates on the eastern slope 
of Velykyi Yavornyk Mountain (Dividing ridge) south of the village of Oporets. The river basin is 
located in the External Carpathian physical and geographical region in the territory of Skole district of 
Lviv region. The main tributaries are the Oriava and the Holovchanka (left), the Slavka and the 
Rozhanka (right). Elevation points in the basin range from 350 to 1360 m A.S.L. The elevation 
difference is 1010 m. 
The structure of the Opir river basin make 232 streams of the I-V orders and their catchments. The 
total length of streams is 689 km. The average length of streams increases with an increase of their 
rank and a decrease of the streams slope.  
The streams of the Opir river basin are characterized by a considerable slope. The average slope of 
streams in the basin is 77.0 m/km. The slope of the first-order streams varies from 3.1 m/km to 
256.1 m/km. The average slope of the streams of the basin decreases with an increase of the stream 
rank from 105.23 m/km (first-order streams) to 4.82 m/km (fifth-order stream). 
The area of the Opir river basin is 849.8 km2. The basin is dominated by catchments of the first order 
streams, the total area of which is 527.4 km2 (62.1% of the basin area). The average catchment area 
increases as stream orders increase. The channel density of the basin is 0.81 km/km2. 
The slopes of 5 to 20° cover the biggest area (64.6%); the most common slopes are of northern 
(17.7%) and southern exposure (16.8%). 
Conclusions 
The conducted studies have shown the effectiveness of use of geoinformation technology in the study 
of the structure and morphometric parameters of river basins, which should be the basis for the 
development of management systems and projects for the organization of territorial objects. 
The structure of the Opir river basin is composed of the I-V order streams and their catchments. First-
order streams make the bigger part of the basin (78.4% of the total number of streams). The channel 
density of the basin is 0.81 km/km2. 
Water of 62.1% of the river basin area flows to the first-order streams, 16.6% – to the second-order 
streams, 11.9% – to the third-order streams, 5.9% – to the fourth-order streams, 3.5% of the basin area 
– to the fifth-order streams. 
First-order streams are characterized by high slopes. Their average slope is 105.2 m/km. It has been 
established that with an increase of the stream slope, the length of the stream and its catchment area 
decrease. 
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