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Recent relief-forming processes in the Oriava River basin
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Based on the long-term semi-stationary observations, analysis of the cartographic and statistical hydro-meteorological data the recent exogenous processes distribution, scales and intensity have been analysed. Natural and man-made factors of exogenous processes development and activization in the Oriava catchment (left-bank tributary of the Opir River) were studied as well. The intensity of transit denudation and erosion processes within deforested mountain slopes have been calculated and ascertained. 
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Introduction. The main tasks of the geomorphologists for a long time are researching the main causes of the threats and intensification of hazardous processes; assessing their role in relief-forming and eco-geomorphologic situation in the river basins of different ranks; modeling of geomorphologic processes; mapping of their distribution; forecasting of the direction and intensity of development; researching of the risk of dangerous consequences. All specified list are uniting by important goals – creating single information base of the current state, intensity of relief-forming processes and danger of the development of exogenous processes and justification of protective measures. As this system should consider all details and aspects of the natural and economic conditions of the territory and should be implemented at the local level that is why large-scale and detail study of the regime and extent of exogenous processes are essential. This is the subject matter of this article.

 Scientific principles forming the goals and methods of research. The geosystem of the river basin is the most optimal subject for a comprehensive study of exogenous geomorphologic processes that are triggered by both natural and manmade factors. The analysis of river basin as a geomorphologic systems is a one of the branch of dynamic geomorphology science – fluvial geomorphology, which was formed through the works of such prominent scientists as R. Horton, A. Scholl, A. Virskyi, S. Sobolev, M. Volkov, V. Filosofov, O. Spiridonov, A. Strahler, M. Makkaveyev and others. Such researchers as I. Chervanev, I. Kovalchuk, R. Chalov, V. Kruzhalin, L. Korytnyi, A. Obodovskyi, Y. Yushchenko and many other have made a great contribution to the study of recent geomorphologic processes. 

The first investigations of rivers in the Opir River basin were associated with construction of railroads in the late XIX century [15]. Systematic forwarding hydrographical and geomorphologic studies are carried out since the mid XX century. Investigations of river systems, channel-floodplain systems and geomorphologic processes in Ukrainian Carpathians have started in 1960; they were based on large-scale geomorphologic and hydrological surveys. In particular, the comprehensive studies of the rivers for the purpose of drafting the energy use of rivers Stryi and Opir
___________________
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 have been performed in 50's years. Works on the regulation of rivers were carried out in 60–80 years of XX-th century. Specialized researches of mudflows within the Opir River basin were carried out in 1980–1990 years. The intensity of horizontal deformation of the Opir river bed has been studied in 2000. In 2005 the studies were related to the overhaul of the oil pipeline "Druzhba" and river bank strengthening. Much attention to study exogenous processes has been paid by the scientists of Lviv, Chernivtsi and  Kyiv Universities, as well as by the researchers from Hydraulic Engineering Institute and Institute of Land Reclamation and others [1 – 16].

The object of research is the Oriava River basin, left tributary of the Opir River that flows in the Skolivski Beskydy (East Carpathians Mountains). 

The subject matter is the prevalence, direction and intensity of dangerous exogenous processes development and their relief-forming role. 

Study the propagation characteristics of exogenous processes, their intensity and trends, activation and risk of their occurrence and damage for the region were the aim of our research. To achieve the goal the following tasks have been solved: analysis of the range of recent relief-forming  processes in the Oriava River basin; analysis of water and sediments runoff and their changes over long periods; study of flood conditions; creating the databases on distribution and parameters of geomorphologic processes, river-beds horizontal and vertical deformations, also on the factors of their development using GIS technology; risk assessment of hazardous processes and their threat for economical objects.

The following methods were used: field studies, statistical, GIS, historical and geomorphologic analysis and synthesis, analysis of satellite images etc. The starting material for our studies were large-scale topographic and thematic maps visualized the factors of geomorphologic processes development; hydro-meteorological database on the regime of water and sediments runoff in the river systems; the information about dissemination and development of recent geomorphologic processes; morphometric data on river-beds and river valleys. To ascertain the trends of erosion-accumulative processes the cross sections and longitudinal profiles of the river bed for different time periods, the curves of correlation between water discharge and water levels Q = f (H), the data of topographic maps and satellite images have been used. 

When we use the river systems for scientific research we get significant methodological advantage because river basins are the main cells for economic activity (industrial facilities, cities, agriculture, forestry etc.).  Any impact on the structure of the river basin will be quickly reflected in the integrated structure of the river-basin functionality – water and sediments runoff, hydro-chemical characteristics, intensity of exogenous processes. The main river basin, its structure is a large system with specific features, many nonlinear relationships between subsystems and factors influencing them. River basin is a complex self-organizing system, its environment is determined by the state of basins all lower orders and reflects the interaction between the system and the environment [5].

Results and discussion. Oriava river basin is one of the most interesting region in the Skolivski Beskydy.  First, monitoring of water and sediments runoff is carried out since 1936 in this basin. It can help objectively study the impact of many factors on the development of relief-forming processes in the river basin. Second, Oriava River exposed minimal human impact over the last 60 years and can be considered as a norm in the study of recent process of relief-forming. Big part of the river basin is locates in the National Park "Skolivski Beskydy".

Oriava River basin locates within the so-called Skybova or External zone of the Carpathian Mountains. Area of the Oriava River basin is 204 km2; length of the main river – 26 km; mean slope inclination of the catchment – 314 ‰. The characteristic features of the natural conditions that determine the specificity and intensity of geomorphologic processes within the Oriava basin are: 1) significant altitude of mountain ranges that are oriented from northwest to southeast (1000–1269  m) and amplitude of the relative height of the surface (from 50–200 to 250–550 m/km2); 2) considerable erosion cutting depth (260–400 m or more) and river network density (from 0,5–1,5 to 1,5–3,1 km/km2); 3) the rivers of first and third ranks (with length 5–10 km) are dominate in the structure of the river system (Table. 1); 4) high flow velocity of rivers (of 1,0–1,5 m/s to 3,0–5,0 m/s during flood events); 5) steep slopes; 6) sediments have weak resistance to denudation; 7) high amount of precipitation, especially during heavy rains and storms (daily amount of precipitation can reach more than 100 mm (for example 25.07.2008, 31.07.2004, 13.09.2007); 8) a high degree of deforestation of river basin (80% and more); 9) lower economic development and concentration of objects in a narrow band along the river valleys (Oriava River, Butyvlia River). 

Table 1. The structure of the Oriava river system 

	Stream order (rank)
	Stream amount
	Streams length

	
	
	The total
	The average

	І
	L
	111
	148
	281,8
	340,1
	2,3

	
	R
	37
	
	58,3
	
	

	ІІ
	L
	30
	40
	43,8
	57,8
	1,45

	
	R
	10
	
	14,0
	
	

	ІІІ
	L
	3
	3
	38,1
	38,1
	12,7

	
	R
	-
	
	-
	
	

	IV
	L
	2
	2
	25,5
	25,5
	12,75

	
	R
	-
	
	-
	
	

	V
	
	1
	3,5
	3,5


The main anthropogenic activity which impact on intensity of exogenous geomorphologic processes within the basin are: deforestation (about 85 % of all forest cutting – are complete, sanitary deforestation that influence on development and intensification of relief-forming processes); extraction of  alluvium from the river channel, gravel withdrawal from the gravel-pits in the river beds around Sviatoslav village, residential and economic development, tourism and recreation, Trout farming, laying and operation of pipelines, road infrastructure and so on. 

Among these factors the strongest influence has a rainfall regime. Analysis of long-term data series indicates considerable unevenness of their distribution in time. In particular, an indicator of average amounts of precipitation, ranging from 781 mm per year (1982) to 1352 mm (2008), due to the influence of the Carpathians. The maximum amount of rainfall occurs in the summer months, high rates of rainfall are possible at April, May or September (Fig. 1).
To analyze the dangerous geomorphologic processes development it is necessary to characterize daily sum and intensity of precipitation and the area covered by rain. Dangerous are rains with intensity more than 15 mm per 12 hours, extreme — 50 mm [2]. In the Oriava basin daily precipitation sums can reach 100 mm and more (Figure 2) and stir to activity the exogenous processes. Recent geomorphologic processes intensity observations testify that in the condition of mountain river catchment the rain of 50 mm per day is dangerous. For example, 10.06.2005 the meteorological station in Sviatoslav in the Oriava basin has observed the rain with daily sum 56 mm. This rain has caused the mud-flows and floods with considerable injuring and financial losses. As is obvious (Figure 2) the rains with daily sums more than 50 mm have occurred five times during last 8 years in the Oriava basin. So we can await activization of the exogenous processes once per two years. Such character of the rains is one of most considerable precondition of floods development which posses big injurious ability and threaten dangerous processes.
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Figure 1. Average month precipitation in the Oriava River basin in the low-water year (1986) and high-water year (2008)
Beside that economical activity in the mountain catchments last decades has noticeably increased natural factor impact as well as scales of destroying and hurts. 70–90% of year runoff accounts for the period of spring-flood and foods since March to August. 
Analysis of hydrometeorological data and bibliography testifies that usually 1–10 floods are observed in summer. The water level in high-water years is 1,8–3,7 m, mean height over pre-flood water level — 0,6–1,4 m. The highest floods were observed in the years 1906, 1913, 1927, 1948. Catastrophic flood with water level 3,7 m had been developed in the night 30 – 31 of August 1927. Time of flood wave crest between gauging stations is a few hours.  In winter, due to a thaw with rain, one ore two 1,3–2 m floods occur [1, 5, 11].
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Figure 2. Daily precipitation in the Oriava River basin during 2004–2012
Beside the floods covered large areas due to protracted cyclonic rains in the Carpathians also local floods occur every year, which are caused by heavy rains of high intensity. These floods possess great injurious power. Precipitation of 50 mm/day causes development of such intensive floods in the Oriava River catchment and dangerous relief-forming processes activization.  By the extreme rains of 100–200 mm/day unit discharge in the mountain catchments reaches 2500–3100 dm3/s per 1 km2 and large scale destroying take place. The Oriava River is characterized by most often water level raises in the period from July to September. Last years the most quantity of floods have been formed in the year 2001 (6 flood events), in 2008 (5 floods) and 2010 (5 ones). Maximal water level raise has been observed in 2008 (420 cm).

Space and time features of water and sediments runoff distribution determine the spectrum and regime of exogenous processes development, occurrence and potential. Unstability of water runoff regime, its changes influence on exogenous processes potential realization and development intensity changes. Water and sediments runoff regime transformation is one of main causes of recent exogenous processes activization risk increasing. The main of the processes are river bed erosion, landslides, mud-flows etc. The main trends of the water runoff changes are presented in the Table 2.
Table 2. Long-term water runoff changes in the Oriava catchment (Sviatoslav)
	Parameter
	Observation periods (years)

	
	1953 – 1962
	1963 – 1970
	1971 – 1975
	1976 – 1980
	1981 – 1985
	1986 – 1990
	1991 – 1995
	1996 –

2000
	2001 –

2010

	Runoff layer, mm
	562
	587
	583
	583
	493
	482
	485
	642
	558

	Unit discharge, dm3/s·km2
	18,4
	18,6
	18,5
	18,5
	15,6
	15,3
	15,4
	20,4
	19,3

	Water discharge, m3/s
	3,7
	4,3
	3,6
	3,8
	3,2
	3,1
	3,1
	4,2
	3,9


As is obvious, up to 1980 the overall tendency of negligible water runoff increasing dominated. In the period 1981–1990 mean runoff slightly decreased and since 1991 up to date it continue to increase. For the Oriava River considerable amplitudes of water sediments runoff fluctuations are characteristic.  This fact testifies about high erosion potential of the rivers and high risk of the exogenous processes activization on their catchments and following engineering constructions and communications destroying.
Minimal water runoff for long-term period has increased about two times, but maximal one has been changed negligibly. It is ascertained that maximal changes are observed in autumn mountains which are characterized by up to 50–60% increasing of water runoff. In winter months the runoff has decreased about 30–50%. May is characterized by increasing trend (20–25%), in April and May decreasing about 20–30% is observed. Also the different tendencies are observed in the summer period: in June runoff was stable, in July it has increased in 30–40% and in August it has decreased as much (about 30–40%).
The mean intensity of transit denudation according to the parameter of sediments unit discharge in the Oriava basin is equal to 56,5 t/km2 per year. Maximal parameter of denudation in the catchment (260 t/km2 per year) has been observed in 1980 (high-water year), and the minimum has been observed in 1994 році (13,9 t/km2 per year) (Figure. 4). Transit denudation intensity has noticeably decreased after 1990. Expected reason of such tendency is one of highest in the Skole Beskyd region catchment forestry parameter (79,2%). Comparing of mean monthly sediments unit discharges of the Oriava and Bystrytsia River (without Tysmenytsia tributary) has shown that denudation intensity in the period 1990–2007 in the Bystrytsia basin (Ozymyna gauging station) was higher than in the Oriava 3,4 times in 1996, 9,7 times in 1997 and 10,6 times in 1999. Both basins have almost equal watershed area (Bystrytsia – 206 km2, Oriava – 204 km2), mean inclination of the Bystrytsia  catchment is 152 ‰ but inclination of the Oriava catchment is much higher (314 ‰). Let’s assume that the difference in the denudation intensity is reasoned by the different rate and character of economical activity in the both basins and their forestry. Forestry of the Bystrytsia is much lower than Oriava (27 % in 2000). 
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Figure 4. Mean annual sediments unit discharge, t/km2 per year in the Oriava basin
Injurious influence of extreme precipitation and surface water runoff is enhanced by manmade impact. The parameters of linear and flat erosion are many times higher on the deforested slopes in comparison to forested ones. Results obtained on four study sites of semi-stationary observations in the Oriava catchment testify about noticeable intensification of erosion process and new erosion relief forms appearing during the first year after deforestation (when a slope is not covered by vegetation). Mean parameters of flat erosion in the first year after deforestation vary from 0,6 to 2,1 cm. The mean linear erosion intensity in the first year is 5–6 cm by the maximal daily precipitation 90 mm. Slope erosion intensity decreases with start of vegetation period. But intensity of the linear erosion stays high up to forming of turf or forest cover. 
Oriava basin is characterized also by high risk of mud-flows development. Water-stone type of mud-flows is predominant with volume up to 5 000 m2. By conditions of development there are slope, riverbed and gully types dominate (Table 3). Slope mud-flows develop in upper parts of slopes with declines of different genesis (places of landslides, erosion valleys) and mellow sediments without thickset vegetation [1]. In the Oriava basin slope mud-flows are occurred on the deforested areas. River bed mud-flows develop in the river beds of permanent or temporary streams. Alluvial cones of this type mud-flows block up the river beds. Break of this temporary dam causes intensive wave movement of the mud-flows and enhance their injurious ability. Gully mud-flows in the Oriava basin develop during heavy rains only. Main source of sediment material is gravity processes and cones of side gullies [1]. In the Oriava basin such mud-flows develop on the 25 – 35о slopes. Especial threat of injuring is observed along the high road Kyiv – Chop between Korostiv and Kozeva towns. Previously activization of the mud-flows was observed once for 10 years. During last 10 years mud-flow sediment cones have injured the roads three times (Figure 5).
Table 3. Characteristics of some mud-flows catchments in the Oriava River basin
	Catchment name
	Dominant type of mud-flows forming
	Length, m
	Area, km2
	Altitude, m
	Difference, m

	
	
	
	
	source
	mouth
	

	Butyvlia River
	Slope and river bed mud-flows
	16
	80
	954
	560
	394

	Krasnyi stream
	River bed mud-flows streams 
	3,3
	36,3
	1105
	607,4
	497,6

	Gullies and streams of 
1-st order 
	Mud-flows of gullies 
	0,45
	0,15
	710
	532
	178


In the Oriava basin landslides and gravity processes are intensified as well      (Figure 6) because instability of steep slopes, flysch geologic structure, high water     saturation etc. Biggest landslides are observed in the following settlements: Oriavchyk, Oriava, Korostiv, Pohar, Kozeva, Panazivka River, the slopes of Parashka Mountain and others. The main deformed horizons of the slopes are composed by clay, clay flysch and diluvium. These sediments are different by the age: Eocene, Oligocene, Quaternary periods. Frontal and circus types of the landslides are predominant. Usually the landslide area is about 100 000 m2. The biggest landslide area is more than 220 000 m2 (settlement Oriavchyk) (Figure 6). 
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Figure 5. Bottom of the gully with mud-flow sediment cones injuring the high road Kyiv – Chop (photo O. Pylypovych) А) April 2014; B) June 2014.
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Figure 6. Exogenous processes occurrence in the Oriava River basin 

River bed deformations are reflected in the cross-sections form changes, base level of erosion decline, river bed bifurcation, narrowing or widening of channel and floodplain. They are caused by different factors: intensive precipitation, manmade impact, landslide or mud-flow material getting into the river beds etc. Gravel and sand withdrawal from the river bed has very considerable effects upon river bed deformation. Complete deforestation of steep slopes is second by power factor of recent geomorphologic processes development in the basin. According to the data of Lviv Regional Department of Water Resources Management there are no formal licenses for gravel withdrawal from river beds in the Oriava basin. The river bed morphology is disturbed by spontaneous unauthorized gravel-pits. For instance the mouth part of the Butyvlia River bed are pressed by intensive vertical deformations (up to 1 m per 10 years) due to gravel withdrawal from the Oriava river bed.
The exogenous processes along the roads, near touristic bases and routes, economical and living buildings are especially dangerous. Particularly higher risk is characteristic for the road sections and footpaths where intensive gully apexes cutting down, river bank erosion, sites of landslides and mud-flows are observed. Especial attention should be paid to the areas where alluvial cones and fans threaten river bed and bridges injuring and blocking during flood events. Another factor of danger is intensive erosion processes on deforested steep slopes. Roads and footpaths on such slopes fall under erosion, alluvial fans and flood influence.
Taking into account the fact that the Oriava river basin is used for tourism and recreation as usual and needs high safety level of whole touristic infrastructure it is necessary to straight and protect the roads and footpaths against exogenous processes, resigning complete deforestation with heavy machines, fast vegetation renewal on the slopes, straightening of the river beds and banks, gravel material withdrawal constraint etc.
Conclusions. Precipitation regime, geological-geomorphologic features, relief determine spectrum of recent exogenous processes, characteristics of their occurrence and potential of development. At the same time the water runoff dynamics and change tendencies influence upon realization of these potential, activization and intensity of the processes development in the Oriava basin.  Water discharge and sediments runoff is leading factor of the exogenous processes activization risk and threats of injurious effects. Analysis of the activization and intensity of the processes testify about their climatic and manmade causes. The amount, regime and intensity of precipitations are the main climatic factors.   

Considerable tempo and scales of denudation and sedimentation in the studied catchment in combination with favourable meteorological conditions make preconditions for mud-flows forming.

Intensive development of the vertical and horizontal river bed deformations are observed in the studied river basin. Intensity of the deformations varies from centimeters to decimeters per year. Characteristics of the deformations are correlated with long-term changes of water and sediments runoff as well as with exploitation of gravel-pits in the river beds. 

Obtained results form the information base for potential of the exogenous processes development, quantitative assessment of injure risk, substantiation and implementation of processes-regulating and protecting schemes in particular catchments.  
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