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Introduction 
 
The territory of the Czech Republic (Central Europe, latitude: 48 – 51° N, longitude: 12 – 19° E, 
area of 79,000 km2) consists of rolling plains, hills, and plateaus surrounded by low mountains 
(Sudeten). Elevation extremes are 115 m (Elbe River outlet) and 1,602 m (Giant Mts.).  
 
Mountain catchments provide the society with benefits in the fields of: 
- Water supply, retention and flood mitigation, 
- Control of water quality, 
- Timber production, 
- Wildlife and biodiversity conservation, 
- Tourism, 
- Cultural heritage, source of aesthetic inspiration, local tradition and religion. 
 
Traditionally, flooding is supposed the most important natural hazard in the Czech Republic. 
However, the deterioration of water quality became a serious challenge in the second half of the 
20th century. Recently, the expected impacts of the global climate change; and political and 
socio-economic aspects, extended the traditional discussion on forest-water relationships and 
priorities in the management of mountain watersheds.  
 
 
Mountain basins 
 
In the Czech Republic, mountain regions are identified by gradients from 300 to 600 m. 
Mountain basins extend over the area of 31,000 km2 (40 % of the country’s territory). Forest 
management represents the main land use there. Some 60,000 km of relatively small headwater 
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streams are controlled by the administration of forestry units, national parks or protected 
landscape regions.  
 
In mountains of the Czech Republic, the climate is temperate, represented by categories Dfb 
(humid continental) and Dfc (sub-arctic) of the Kőppen classification.  
 
The long-term mean annual water budget of the country includes: 693 mm of precipitation, 499 
mm evaporation, and 194 mm run-off. However, in the mountain basins, mean annual values of 
precipitation vary from to 650 to 1,600 mm, air temperature from 2.0 to 7.5 oC, and water yield 
from to 200 to 1,350 mm. The recent water supply system is oriented mainly on surface waters 
(80% of the total volume of drinking water) in mountain catchments. The water resources 
potential is exploited now by some 50 %.  
 
 
Analysis of recent and historical floods 
 
The catastrophic floods of 1997, 2002 and 2006 initiated several detailed analyses of those events 
in the historical context. These data resulted in plotting the probable maximum specific discharge 
in the Czech Republic, related to the catchment area (Figure 1). 
 
  
Figure 1: Probable maximum specific discharge qmax (m3/s.km2) related to the catchment area. 
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Critical flood phenomena represent namely heavy summer rainstorms of high intensities; floods 
from snow-melt events (or combinations snow-melt with spring rain falls) do not exceed the 
summer peak flows.  
 
The recently applied scheme of flood control actually follows the principles adopted already in 
1902 – 1919; responding to the catastrophic flood of 1897: supporting the retention in both 
reservoirs and watersheds, stabilising mountain streams by torrent control measures, and 
stabilising catchments by  amelioration practices.  
 
 
Forestry statistics 
 
In the Czech Republic, forests percentage is 34 % (26,500 km2). Mountain forests cover 18,550 
km2 (70 % of the total forested area).  The climax of mountain forests is represented by six 
vegetation zones given in Table 1. 
 
 
Table 1: Climax zones in the Czech Republic (Ta – mean annual temperature, Pa – mean annual 
                                                                           precipitation).  
 
Climax zone  Area 

(km2)
Elevation 
(m) 

Ta (oC) Pa (mm) Veg. period (days) 

Beech with oak 2,862 400-550 6.5-7.5 650-700 150-160 
Beech  4,505 550-600 6.0-6.5 700-800 140-150 
Beech with fir 6,360 600-700 5.5-6.0 800-900 130-140 
Beech with 
spruce 

3,445 700-900 4.5-5.5 900-1,050 115-130 

Spruce with 
beech 

1,060 900-1,050 4.0-4.5 1,050-1,200 100-115 

Spruce 265 1,050-1,350 2.5-4.0 1,200-1,500 60-100 
Dwarf pine 53 > 1,350 < 2.5 > 1,500 < 60 
  
 
 
Since the end of the 13th century, the total area of forests did not change significantly. However,  
the native composition of mountain forests has been transformed from the mixture of Common 
beech (Fagus sylvatica), Common silver fir (Abies alba), and Norway spruce (Picea abies) to 
dominant spruce plantations (78 %), particularly in the 19th century. The relatively high 
percentage of even – age stands (84 %) with a simple structure result from the regulated clear – 
cut felling. The mean rotation period is 115 years. 
 
The annual harvest of timber is 16 million m3 (6 m3/ha) with prevailing salvage felling (66 %), 
responding namely to wind breaks (69 %) and insect epidemics (21%). The natural regeneration 
(35 km2/year), is only 18 % of the artificial one (200 km2/year). Recently, the percentage of 
deciduous trees increased from 34 % (2001) to 38 % (2008). 
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The ownership of forests in the Czech Republic includes namely the state (61 %), private (23 %) 
and municipal forests (16 %). In mountain basins, state forests dominate with 76 %. Commercial 
forests represent 75 %, protective forests 3 %, and special forests 22 % of the total forested land.  
Mountain wetlands 
 
Traditionally, mountain wetlands are widely considered to serve extremely important ecological 
functions in supporting biodiversity, and preventing downstream flooding by absorbing 
precipitation. Recently, mountain bogs have been recognized for their role in regulating the 
global climate by storing large amounts of carbon in peat deposits. However, headwater wetlands 
are fragile components of a watershed. They need special control - including conservation, 
protection and integration in the process of watershed planning. 
 
In the Czech Republic, two mountain wetlands (area of 66 km2) have been included in the frame 
of the Ramsar Sites (Ramsar Convention on Wetlands, 1971). However, the complete database of 
mountain peat-lands is missing. Some 1,900 peat-land sites (cca 100 km2) have been identified by 
inventories done in the 1950s and 1960s, but the total area of mountain wetlands is supposed still 
larger. Also not sufficient is the information on the historical loss or conversion of wetlands.  
 
 
Air pollution and acid atmospheric deposition 
  
Recently, mean annual contents of SO2 and NOx in the air do not exceed the limits for vegetation 
(20 and 30 μg/m3) given by the Czech legislative (350/2002). Observed values of pH in 
precipitation, 4.6 – 5.8 in the open, and 4.5 – 5.6 in forest stands, show an increase of almost one 
pH unit during the last twenty years. In the open, the mean annual atmospheric deposition of 
sulphur is 11.8 kg/ha and nitrogen 15.2 kg/ha; while, under the forest canopy, corresponding 
loads vary from 6.4 to 29.7, and from 11.6 to 35.6 kg/ha, respectively. These loads are 
approximately one fifth of the atmospheric deposition observed in the late 1980s.  
 
Consequently, in the last ten years, the evidence of defoliation at dominant spruce plantations 
shows relatively stable value of 30 %, but the damage of bark beetle has increased from 396 to 
2,360 thousand m3. Forest damages due high concentrations of ozone were not found significant. 
 
 
Revitalization of mountain watersheds 
 
In the 1980s, the extreme acid atmospheric deposition leaded to the decline and clear-cut of 
spruce plantations in mountain catchments of the Czech Republic: Junco effusi-
Calamagrostietum villosae became a new dominant community there. In the 1990s, the open-
field load of sulphur already dropped to cca 40 % of the mid-1980s level; and the revitalization of 
mountain ecosystems started.  
 
The progress in revitalization has been evaluated by Ellenberg’s environmental indicators: 
indices for light (L), moisture (F), nitrogen (N) and acidity (R). These values were tested to 
describe a progress in revitalization (changes in water yield, retention, stream-flow quality) of 
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mountain catchments in 1982 – 2008. Indicators F and L describe well the plant succession 
related to the microclimate and hydrology at clear-cut sites. Also the indices N and R follow 
trends in the atmospheric deposition and water quality, however, with lower sensitivity. Finally, 
Ellenberg’s environmental indices reflect relatively long-term respond (cca 10 years) of the soil – 
vegetation status to the drop in air pollution and ameliorative measures.  
 
Concerning mountain stream waters, also the species composition in algal mats shows a drop in 
anthropogenic acidity, but also the occurrence of natural acidity in mountain waters of the Czech 
Republic and their unstable chemistry. Comparing the period of 2008/2009 with the late 1990s, 
acidophilic algae like small diatoms (Bacillariophyceae) and filamentous green algae 
(Chlorophyta) have decreased, while colonial diatoms (Diatoma mesodon and Fragilaria 
virescens) and green algae Microspora amoena, Tetraspora gelatinosa, and Draparnaldia 
plumosa are dominating in 2008/2009.  
 
The revitalization of mountain catchments and lakes includes also the revival of fish: acid 
tolerant brook char (Salvelnus fontinalis) and native brown trout (Salmo trutta m. fario) in the 
1990s, following the positive changes in stream chemistry. In the 1990s, the population of brook 
char was surviving well with an effective self-reproduction, while brown trout evidently starved. 
However, in 2008-2009, the population of brook char is still dominant, but, biodiversity has 
increased by the population of brown trout and minnow (Phoxinus phoxinus, endangered species 
in the Czech Republic).  
 
 
Environmental services in mountain basins: increasing ecological stability 
 
Forest benefits on water quality, control of floods and soil erosion in mountain basins and their 
downstream effects are evident, and supported by the Forest Act (289/1995). Mountain forests of 
the Czech Republic belong to the most sensitive ecosystems in Europe: slow weathering bedrock 
and shallow podzolic soils with a very limited pool of basic cations have a small buffering 
capacity to the acid atmospheric load.  
 
In the 1980s, mountain waters were stressed by an extreme acidification: they did not fit health 
standards particularly at parameters of pH, hardness and aluminium. Better stream water quality 
in semi-natural beach forests results particularly from the limited acid deposition in the dormant 
season and higher buffer capacity of beach stands.  Therefore, the support of native mixed forests 
stands leads to higher stability of mountain catchments. Moreover, mountain spruce forests are 
endangered by the expected climate change. Additionally, the management of mountain 
watersheds should include traditional environmental friendly forestry practices: clear-cut limits, 
planting in advance, skidding of timber by horses or cables, seasonal skidding, and respecting the 
riparian buffer zones.  
  
The state supports the stabilization of mountain watersheds by 96 million CZK per year; it is 
almost 25 % of the annual subsidies (390 million CZK) in forestry. That support includes: 
environmental friendly forestry technologies (36 million CZK), torrent control (5 million CZK), 
reforestation of damaged forests by the air pollution (11 million CZK), and aerial liming (44 
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million CZK). The European Union fund on Rural Development 2007 – 2013 (915 million CZK 
per year) has been used in mountain catchments by some 20 % (183 million CZK). 
 
Practices on the protection of forests have been applied annually on the area of 1,200 km2 (5 % of 
the total forest area) including particularly the control of insect (1,000 km2), and acidity (liming 
on 40 km2).  
 
 
Prevention of climate change impacts 
 
At the end of the 21st century, on the territory of the Czech Republic; scenarios of the global 
climate change consider increasing the mean annual air temperature by 0.9 – 3.0 oC. 
Consequently, changes in precipitation (particularly, the reduction of the snowpack by 30 %), 
and intensified evaporation might decrease the annual water yield by 10 – 40 %. Considering the 
timing of water yield, the seasonal runoff is supposed to increase by 30 – 50 % in the winter, and 
to decrease 20 – 90 % in the summer. Also, higher frequencies of extreme meteorological events 
(floods and draughts) are expected. In mountain watersheds, particularly, spruce forests will be 
endangered.  
 
The mean annual temperature of surface waters might increase in 1.1 – 3.7 oC. Therefore, the 
winter stratification in lakes and reservoirs could be limited, the oxygen content reduced  
by 3 – 8 %, and species composition of phytoplankton and zooplankton modified.  
 
According to the Kyoto protocol (1997), in the Czech Republic; the volume of emitted CO2 
decreased already by 9 % (2004 – 2008) in comparison with the level of the 1990s.  
 
In 2004, in the Czech Republic; the National Agenda on Prevention of Climate Change Impacts 
was adopted. Joining the EU strategy, the reduction of greenhouse gases is expected to fit 30 %  
of the 1990-level in 2020, to decrease the combustion of fossil fuels by 20 %, as well as to 
increase the use of renewable energy sources by 20 % of the total energy produced.  
 
 
Legislative  
 
The control of mountain watershed in the Czech Republic includes the legislative framework 
based on: 
-  Forest Act (289/1995, protective forest stands, commercial forest production), 
-  Water Act (254/2001, protected headwater regions, streams and reservoirs of drinking water 
   supply), 
-  Governmental Decrees on Protected Headwater Areas (9/1978 and 2/1979), 
-  Public Health Act (28/1975, hygienic buffer zones in drinking water catchments), 
-  Nature Conservation Act (114/1992, national parks, protected landscapes, nature reserves or 
   monuments), 
-  Acts on the Environment (244/1992, EIA and SEA procedures, managing spots of ecological 
   stability) 
-  Act on the Public Access to Environmental Information (123/1998). 
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