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FOREST AS A BASIS FOR THE TRANSFORMATION OF WATER RUNOFF 
DURING EXTREME RAINFALL IN THE NORTHEAST OF SLOVAKIA 

 
Introduction 
 
Climate change, which is currently seen, whatever the cause of any event is and is 
accompanied with significant changes in climate regime different areas of our planet. What is 
certain is that the average air temperature and the amount of water in the atmosphere 
increases, leading to interference with the climate system on which we were accustomed. On 
the one hand, torrential rain with extremely high rainfall intensities, on the other hand without 
long rain periods leading up to the desertification of some areas of our Earth.  
 
Slovakia has the biggest amount of forests in the area of Europe´s countries and therefore it 
should expect significant impact of forests on runoff reduction and accumulation ability of the 
territory. Despite of these expectations there are also regularly floods in small basins, which 
threaten not only the country but especially the lives of people who live there. 
 
Forests in Slovakia.  
 
Most of the territory of Slovakia was originally covered with forests. Today, after the changes 
in past centuries, the proportion of forest land area to total area of Slovakia is about 41% 
(Green Report 2009). 
 

Table 1 Development of the forests area in Slovakia (%) 
 1970 1980 1990 2000 2003 2004 2005 2006 2007 2008
Total area of the forests 
(%) 39,10 39,80 40,30 40,60 40,90 40,90 40,90 40,93 40,9 41,0 

 
Table 2Dvelopment of forests area (FA) and forest stand soils (FSS) in Slovakia 

(thousands.ha, %) 
Year 1970 1980 1990 2000 2005 2006 2007 2008
FA (tis.ha) 1 918,6 1 952,7 1 976,5 1 998,0 2 006,2 2 007 2 006,6 2 007,1
FSS(tis.ha) 1 826,6 1 861,6 1 921,7 1 921,4 1 931,6 1 932 1 932,9 1 933,6
Forestation (%) 39,1 39,8 40,3 40,6 40,9 40,9 40,9 41,0
 
 
 
 
 
 
 
 
 
 
 



 
 
 

Figure 1. Forestation of Slovakia, Prepared by: SAŽP 
 
In south-western Slovakia forestation does not reach 10% in basins, in hollow basins only 10 
to 15%, but the north and northern Slovakia over 50%. Areas with the highest forest cover in 
our country are Vihorlat (90%), Slanské Hills (90%), Malé Karpaty (80%), Vtáčnik (70%), 
Sports (60-65%), and Low Tatras (60-65%) Mala Fatwa (60-65%), Velka Fatra (60-65%), 
Považský Inovec (60-65%), Slovak Rudohorie (55%). 
 

Table 3. Development of wood pulps area in the woods of Slovakia (%) 
% ratio 1950 1970 1980 1990 1995 2000 2005 2006 2007

Total coniferous 42,8 42,3 42,5 42,3 41,9 42 41,0 40,8 40,5
Total deciduous 57,2 57,7 57,5 57,7 58,1 58 59,0 59,2 59,5

Source: NLC-LVÚ Zvolen 
 
The largest owner of forest land in Slovakia is the state. The structure of forest ownership in 
the SR is as follows %´s of the total forest area  
- State 40.2%  
- private13% 
- owners 25.7% 
- church 3%  
- of farms 0.2%  
 - community 9.7 %  
- unknown owners of 8.2% 
Source: NCL-ÚLZI, Zvolen 
 
 
Data on ownership and use of forest land National Forest monitored through the Information 
Centre for the forest condition of the SR (Total Forest Management Plan – TFMP, Permanent 
forest inventory - PIL), which are the Ministry of Agriculture published annually in the 
Report on Forestry of the SR, from which they takes Statistical Office. 
 
Floods in Slovakia  
 
A flood accompanying us since time immemorial and their partial result is a landscape and 
streams state in today. The shape, depth and riverbed route is being developed primarily by 



floods. In eastern Slovakia are documented in the chronicles of towns and villages the floods 
for several centuries. Even in recent years, floods have occurred after extreme and often 
occurred rainfalls. Here are a few extreme rainfalls in the second half of last century.  
Pavlovce Uhom above: 87 mm (18. 7. 1949),  
Levoca: 112 mm (29. 6h 1958)  
Habura: 108 mm (25. 7. 1965)  
Vápenník: 149 (25. 7. 1965)  
Kokošovce: 77 mm 
Regetovka 61 mm 
Červenica - Dubník: 66 mm (8. 7. 1969)  
Malá Tŕňa: 122 mm (8. 7. 1969 )  
Osturňa: 116 mm (30. 6. 1973) 
(Source: SHMU Bratislava) 
 
The basic condition for the capture and transformation of rainfall is the quality of the forest. 
Impact of forest to produce runoff but mainly for the detention and infiltration of rainfall 
depends on the species composition, structure, age of forest, the naturalness of the ecosystem 
and many other parameters. The sum of these parameters and their optimal arrangement in the 
country, creating so-called. hydric characteristics of floods in Slovakia.  
 
Floods can occur at long-term exposure to rain or torrential rain in the small and large basins. 
In all cases, the forest is the most natural way to time and volume of water retention. The 
main task for the protection of countries and territories as a whole against flood is surface 
runoff to prevent or minimize. Differences in rainfall are temporarily detained in various 
types of forest can be from 10 mm in area printed after forest felling of 80 mm in the old 
tercentenary cellulose  or in similar mixed forest. 
 
Water not detained in the country is fast draining after rainfall in the form of surface runoff 
and cause flood flows in territory of municipalities. The flood damage in recent years in 
Slovakia is often repeated and many villages are inundated. 
 
 
 

 
 
Fig. 4 The consequences of - total damage in mil Euro. Source: Ministry of Agriculture, 
Ministry of Environment, WRI, Prepared by: SEA 
 



 
Floods in 2008  
 
In a total of 2008 there were 188 flood-affected villages and towns in Slovakia and overall 
total 10 742 inhabitants were flood affected. It had to be evacuated 691 people. Total costs 
and damages caused by floods in 2008 were estimated at 45.720 million. €. There were 
damaged  and violated against flood measures in water streams, where occurred the losses 
amounting to 10.296 million. € (SEA 2008). Floods occurred in Slovakia, a total of three 
times in early spring, summer and December. 
 

 
 
Figure 5: Overview of 5 degrees declared flood activity in 2008 Source: Ministry of 
Environment, 
 
The most affected areas during the summer storms were in basins Topla, Ondava, Torysa, 
Hnilec and Poprad in the districts of Bardejov, Svidník, Stropkov, Presov, Sabinov, 
Kezmarok and Old Ľubovňa. Most critical situation has arisen in the basin Topla in Bardejov 
district. In municipalities Kružlov, Bogliarka overflowed the Slatvinec flow and the state and 
local communication was washing away in the field about 600 m, where 1 bridge and 2 
pedestrian’s bridges were destroyed. Topla overflow in Lukov municipality destroyed 3 
bridges, 1 pedestrian bridge and road in the local ablation of about 800 m, which prevent 
access to the villages and Livovská Huta. In municipalities Bogliarka, Kružlov, Lukov were 
threatened 30 houses because of ablation of local communication in parallel with the 
watercourse and extending the bed and flows Topľa Slatvinec. 
 
Our contribution will therefore focus on a fuller description of the flood basin and the flow 
Slatvinec. The area we visited after the flood and process with colleagues in Bratislava and 
Košice draft measures to prevent other similar events. 
 
Geomorphological trans inclusion in the mountain area is Čergov, which is a separate unit in 
the Eastern Beskydy, which acts as the most massive mountain unit. For Čergov is the most 
typical geomorphological structure, that is, it excludes from the platforms, highlighted the 
influence of retrograde erosion curving central spine. Its length is about 30 km and each 
reaches a height of peaks above 1,000 m and the highest peak is Mount coins - (1157 m). The 
back of all the mountains jut numerous, about 900 meters high crotch, separated by narrow 



valleys of the streams, which by retroactive erosion are cut deep into the mountain. In parallel 
with the main stretching back to the northern side are the lower subordinate ridge mountains. 
 
In the area is prevailing oceanic climate with continental features: the spring occurs later with 
increasing temperature during the autumn in comparison with the spring. According to 
climatic zones may include a greater proportion Čergov 700 m above sea level (67.7% of the 
territory) in colder areas, and its slightly cold district with an average annual temperature of 
around 4 ° C in January from -4 ° C to -7 ° C and July, when it is also most sunlight from 12 
to 16 ° C. 
 
The source of the flood was  climatic situation in the second half of July 2008.  
In mid-July weather in our conditions was the influence of depression in higher atmosphere. 
After the edge of low pressure in the upper layers of the atmosphere, to the east flow us warm 
and moist air. As a result of intense rainfall in the period from 22.7 23/7/2008 was the rapid 
increase of water levels in the territory of northern and eastern Slovakia. Subsequently, most 
rivers in the upper parts of the basin Topla, Ondava, and Hnilec Torysa were the overflowing 
of the water from the bed. From 17 July were permanent reductions, which gradually filled 
subsoil and other precipitation waves that hit Eastern Slovakia 20th - 21 July and 22 - 23 July 
In the next few days the rainfall died down in the territory gradually, what the result in a 
gradual levelling off and decreasing of  water levels in most rivers. 
 

 
Figure 6.:Monthly precipitation in Slovakia - July 2008 
 
Floods of 23 July occurred in Prešov 150 villages and towns.2 people died. Most affected was 
the district of Bardejov. Three-day downpour changed stream Slatvinec in Kríže, Bogliarka 
and Kružlová, in the district of Bardejov for overflowing stream. The municipalities remained 
on Wednesday after a massive flash flood without electricity, gas, drinking water, destroyed 
water sewerage, wastewater treatment plant flooded. Water took bridges, destroyed the way of 
people stranded by the other side of the world and in all municipalities in the flow. 
 
 
Professional 9-member team visited on 20 to 21 May 2009 Slatvinec basin and along with the 
mayors of the basin monitored and documented photographically. Based on the knowledge of 



monitoring the team analyses, which will include the current applicable legislation for the 
protection and land use and assess the current state of the river basin Slatvinec and causes of 
this situation, the impact of the current state of the river flood situation. 
 

 
 
Figure 7 :Interest area around the creek Slatvinec 
 

 
 
Figure 8: Configuration of  terrain basin Slatvinec 
 
Surveys have assessed the overall situation in the area especially in the village of Kríže, 
where the flood was to spread to other villages. Structure of land fund and country 
arrangement is more favourable to prevent flooding. Distribution of surface area is as follows 
 
total area                                    14937001   100% 
area of the village                     225566 m2    15,10% 
agricultural land                       2340908 m2    15.67 % 
permanent grassland                 228751 m2    15,31% 
land Forest                                  12175888 m2                   81.514%   
Built-up area and courtyards        165446 m2   1,11% 
Other                                            157883 m2  1,56% 



 
The surface of the area is created in 96,8% by forests and meadows, and such representation 
is not high in most villages and a proposal to change the surface are probably not real. But the 
reason may be the forest state because of the images in fig. it is clear that there is intense 
timber harvesting, often by inappropriate self filling way. Self filling cut belts stretch after 
sharp curves and thus the protective function of the fair is not large and the outflow reaches 
the steep slopes directly into the streams. Fan shaped area and the confluence of two nearly 
equal sub-basin of the community for the flood wave peak negative and that the bridge at the 
confluence of the full removal of the flood with large volumes of ground still indicates the 
real threat here. 
 
The influence of large surface and subsurface flow washed away much land from the forest, 
which includes boulders and rocks, and these are then deposited in the valley, particularly on 
roads and so even after the subsidence flooding was not possible to get into the village 
through high silt materials. In the woods around the flow even torn in many places of steep 
slope and up the wall, which is now threatening to collapse and burying. In addition, the flow 
got a lot of material in some places reduced the flow capacity of the riverbed. This material 
was partially overflowed shortly after the flood but most are still in a trough Slatvinec. 
 
A lot of material translated into the flow, which in some places reduced flow capacity of the 
riverbed. This material was partially overflowed shortly after the flood but most are still in a 
trough Slatvinec. 
 

 
Figure 9: Course of water levels in July 2008 in eastern Slovakia 
 
On the chart it is clear concentration of runoff from rainfall after each day and gradually 
increasing the daily maximum. Soil water gradually stuffed the soil spaces, and thus the share 
of runoff has been steadily increasing, so that the last day of rainfalls runoff most of them. 
The proportion of drainage water from subsurface base flow grew, and the combination of the 
two maxima showed a total increase of surface runoff. 
It is necessary to propose measures to prevent repetition of the events of the 23rd July 2008 in 
the catchment area. But what is possible to design as a measure to prevent flooding in the 
catchment area. 
 



 
 
Figure 10: Daily rain amounts in July 2008 in Čergov Mountains (Source: SHMU Bratislava. 
 
 
Increasing of retention capacity of landscape 
It is possible on the base of the texture area only by change clearing of wooded land and 
disallows to reveal the entire length of the slope with forest felling. It should concentrate 
felling in smaller areas and approve the plan of felling with municipality and the manager's 
flow, too. On the tributaries from the lateral ridges that are oriented transversely to the main 
valley, build barriers (weir) to slow down the natural runoff cross drainage structures from 
local materials - stone and wood. Significant measure is appropriate arrangement timber forest 
roads that have become stream bed to surface runoff during the flood, roads routed on the fall 
line accelerated surface runoff, and allow its concentration outside of flow. The territory is 
virtually no agricultural area and its restriction would not affected improvement the state. 
 
Basic technical measures for flood protection 
They are needed especially for small tributaries Slatvinec stream. In view of the fan 
arrangement of catchment would be achieved lengthening the time period of runoff and time 
shift maxima runoff of two main catchment areas. 
 
As a technical measure could be used, for example:  
- building a side impact basins in the wider parts of the valley. 
- Sufficient servicing built stream with removal talus material brought into the stream bed. 
- The maintenance of riparian vegetation and removal of fallen trees and shrubs in the river 
bed. 
- Minimization of downwash materials closes proximity to the riverbed, which could be flush 
away after extreme rainfall, for example temporary landfill wood near the water course. 
- Regulation and stabilization of the flow damage by the last flood, especially in the vicinity 
of roads and engineering structures - bridges, culverts, etc. 
- Placing rectifier buildings and dams to directed the flow to the free sides of valley so that it 
does not harm other objects. 
- The technical measures must be focused on harm reduction in the transition of great waters. 
They include the valley and other tanks with runoff regulation, modification of water streams, 



dikes and polders. Catching tanks contribute to the reduction of meridian flow, and thus 
reducing or directly exclusion downstream flood damage. A prerequisite is the right proposal 
for these water works, their maintenance service and impeccable operation by experts. In the 
case provided for a water streams and dikes, the situation is more complex, especially in 
mountain areas (upper streams of torrent flow), but also elsewhere. 
- Very negative impact of obstacles in the inundation area, which complicate water runoff, 
and most are destroyed and taken out of the water flow, where in the critical profiles, such as 
road and rail bridges, causing the obstruction and may cause other consequential damages. 
Obstacles in the territory are also share in the deterioration of runoff and have a considerable 
impact on raising consequential damages. 
- From the position of managers of the water flow is necessary to checkup buildings in the 
inundation area in terms of their impact on the great outflow of water. Gradually, it is 
necessary to release the inundation area by removing temporary structures (which can then be 
allowed only quite exceptionally), and in particular it is necessary strongly disposed of 
"black", i.e. the construction of unauthorized buildings. 
- Maintenance of riparian vegetation must be made in accordance with the acceptance of the 
priorities of protection against the harmful effects of flooding, taking account of the logical 
requirements for environmental protection. Two key issues are therefore: permitted and 
unpermitted construction, and as well as sensitive servicing of trees and shrubs (balanced 
approach of protection and water management hazards). In the case of watercourses with well 
designed and well constructed arrangements can be expected accomplishment of their tasks, 
even though it may occur in the partial impairment of their own river bed. In the system of 
flood protection should be a priority realization of such technical measures, which result 
should be increasing the retention capacity of the landscape. On them can then establishment 
the operational and other measures. In view of the fact that the vast majority of technical 
means, from modification water streams through the protective dam, polder or managed by 
the inundation, to the protective parts of reservoirs, is concentrated in river basin 
management, it is logical that the regional plans of municipalities and in particular large 
territorial units, should be created with the active participation of its experts. Participation of 
managers of river basin management and water-law institutions, and their cooperation should 
be a guarantee of alignment of interests with the needs of local comprehensive plans. The 
importance of this participation varies depending on the complexity of the issue of flood 
protection of the area. The same monopoly position is given by demands on the expertise and 
experience in dealing with flood protection. The municipality eventually other entities that 
have a direct interest in flood protection (brings them benefits) must be a decisive factor not 
only in providing and creating territorial plans, but also in the design and implementation of 
specialized technical measures. Flood protection can be comprehensively addressed only with 
territorial plan of large territorial unit. 
- At this abreast is possible to propose protection from floods in the whole catchments and 
define in a broader context, what partial measures should be done in territorial units of the 
regions and subsequently in municipalities that would create effective and logical system (a 
set of local measures usually does not have this system). In approving the development plan 
and a large territorial unit is necessary include buildings of flood prevention measures among 
the public buildings. The initial precondition for the processing of town planning 
documentation at this level are quality foundations, as town planning documentation so 
departmental, especially water management. 
 
 
Conclusion  



Flood protection measures based on the current state of knowledge about the country, its 
components and human activities in the area. Flood protection must respect the possibilities of 
landscape such as slope, soil conditions and distribution of landscape elements. Flood 
protection must respond to type and utilization of built-up area and the value of the crop and 
the state of infrastructure in the area between the municipalities - roads, railways, power 
networks, pipelines and so on. 
Extreme rainfalls increasingly change the quantity of water runoff and progress of the flood 
wave. Therefore, it is necessary to find specific degree of overestimation for the current risk 
to the possibility occurrence of unexpected rainfall after the previous saturation the soil layer, 
e.g. after prolonged rainfall. It is necessary to determine for each territory separately, this new 
element of risk which is not tilled now expressed in any process of modeling or calculating 
the flood wave. 
 


