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Abstract: Changes in land use and runoff characteristics in Otava river basin and its two
subcatchment (VolSovka and Vydra) were examined. The goal was to find out how
water retention have responded to changes in landscape management in Sumava
mountains and foothills since the year 1970. There were two basic levels of changing
land use — (a) conversion of arable land with varying intensity at different management
of intensive and extensive grassland, (b) deforestation of large areas of indigenous
mostly spruce monocultures and their transfer to the shrub and herbaceous vegetation
covering the surface with a discontinuous vegetation. Water retention in Sumava
mountains is locally reduced due to vulnerability of monoculture spruce forests by
natural disasters (windstorms), diseases and pests. A positive effect of current
agricultural management in the Sumava foothills on the reduction of direct runoff
during intense rainfall was confirmed.
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Abstrakt: Clanek fesi zménu vyuziti Uzemi a odtokovych charakteristik v povodi feky Otavy
a jeho dvou subpovodich (povodi feky VolSovky a Vydry). Cilem prace bylo zjistit, jak
se zmeénila retence vody v krajiné spole¢né se zménou vyuziti uzemi v horskych
partiich a podh(ifi Sumavy od roku 1970. Zména vyuziti Uzemi probihala dvéma
hlavnimi sméry — (a) Pfevod orné pady s rdznou intenzitou hospodareni na rizné
intenzivni €i extenzivni louky a pastviny, (b) Odlesrfiovani rozsahlych ploch pavodnich
vétSinou smrkovych monokultur a jejich pfevod na kfovinatou a bylinnou vegetaci
s nesouvislym pokryvem povrchu. V horskych polohach Sumavy je retence vody misty
snizovana v dusledku zranitelnosti smrkovych monokulturnich lest pfirodnimi
katastrofami (vichfice), nemocemi a $kadci. V podhtfi Sumavy byl prokazan pozitivni
vliv sou€¢asného managementu krajiny na snizovani pfimého odtoku pfi intenzivnich
srazkach.

1. Introduction

Precipitation and its amount is the main driver of hydrological processes in the catchment. Its
dissemination is dependent on environmental conditions, so it is very important to notice changes
in land cover, as one of the most important factors affecting runoff from the catchment. This factor
has special importance in mountain areas, which are characterized by longer, more frequent and
more plentiful rainfall events throughout the year. Along with climate change causing extreme
weather events that leads to a greater susceptibility of mountain regions to extreme events such
as floods or droughts. Sudden increase in the level of mountain rivers, then usually leads to
flooding in areas of the highlands and lowlands (Romanowicz et al., 2012).

Land cover mainly determines the hydrological transformation of rainfall in the catchment. TesaF
et al. (2004) also dealt with vegetation cover and its changes impact on water regime of soils in
upper parts of streams catchment. By measuring soil moisture, they demonstrated that soil water
regime in these areas completely covered by vegetation in wet conditions is not dependent on
the composition of vegetation, while in dry periods is significantly influenced by its composition.
This is also reflected on the water regime, which is independent of species composition of plant
cover where the surface vegetation remains unchanged. Now land use changes have a major
impact on the change of hydrological processes at local, regional and global scale. Scaling issues
(observations regarding the different scale) are dealing for example with the impact of long-term
changes in land use on the hydrological and ecological processes in the landscape on three
hierarchy level: subcatchment, catchment and river watershed. Nejadhashemi, Wardynski and
Munoz (2011) also dealt with the problematics of scaling issues. Changes over large areas may
cause short (rapid surface runoff) or long (changes in specific or basic runoff) changes in
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response basin, increasing the risk of extreme flows and the consequent threat of flood or
prolonged decline in groundwater levels (Bhaduri et al., 2000)

Farmland has the most significant impact on the components of the water balance, especially
surface runoff. It is because after harvest and shortly after planting soil is not protected against
impact of raindrops and thereby water is rapidly flowing out of the catchment.

On the other hand, forests significantly increase retention of precipitation (precipitation detention
in a forest ecosystem) thus reducing the size of effective rainfall and contribute to the retardation
(delay) of runoff. Retention capacity compared to other types of environments (e.g. meadows,
fields) is significantly higher (Biba, 2010). Infiltration is in this process the decisive factor. Badoux
et al. (2006) in their study confirmed the assumption of higher long-term runoff in areas with
damaged forests due to storms, in addition to the power of the secondary drainage channels.
A special type of land cover can be peatlands. There was also demonstrated the ambivalence of
flow in rivers fed from peatlands. When filling the upland moor at full capacity, there is a rapid rise
in outflows, while during periods of drought peatlands don’t feed watercourses.

2. Material
2.1 Study area

Otava river, its upper reaches to the town of Susice and its two subcatchments VolSovka and
Vydra were selected to demonstrate the impact of land use changes in the last half century on
runoff characteristics (see Fig. 1).

Otava river basin
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Fig 1. Overview map of the investigated river basin (Otava) and its subcatchments (VolSovka and Vydra).

This area has been long inhabited and used for many different aspects of human activity.
The study will cover the changes that have occurred in the area last half century (the river basin
management was practically unchanged till the mid-19" century).

Otava river springs in the Pilsen region in the southwest of the Czech Republic. It is a left tributary
of the Vltava river originates at the confluence of smaller watercourses Vydra and Kfemelna at
Cerikova sawmill in Sumava mountains. The entire basin of water flow consists of many sub-
basins of natural waterways and one man-made shipping channel.

Otava river basin is quite rugged. Especially the southern part of the area is predominantly
mountainous. Geographically it falls into the area of the Sumava mountains and foothills, with
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an average altitude of 1,003 meters above sea level. Watershed average slope is 6.5° + 4.3°
(SD).

From a geological point of view metamorphic rocks (gneisses and migmatite) and magmatic
Moldanubic rocks (granite and granodiorite) dominate. The magmatic types of rock are mainly in
the top parts of the mountains. Peat bogs also occurred frequently in the uppermost part of
the river basin. Sand and gravel are then located mainly around watercourses. In the flatter,
northern part of the river basin there are also disseminated limestone and erlan islands.

From the pedological point of view podsols completely dominate in the forests. Cambisols,
stagnosols and in permanently wet areas with high ground water gleysols occur mostly on
agricultural lands. Modal fluvisols are developed around watercourses. Mainly in the northern half
of the river basin small patches of leptosols are located.

From the climatic point of view the Otava river basin falls mostly in cold climatic area with long-
term average annual air temperature of 3.7 °C (average temperature in January -4.4 °C and an
average July temperature of 12.5 °C). The northern plains of the basin are in the temperate
climatic zone, characterized by an average annual temperature of 7.2 °C (average temperature
in January -2.5 °C and an average July temperature of 17.0 °C). Rainfall totals are very diverse
with long-term average annual value for mountain areas 1486 mm and for the flat part 631 mm.

2.2 Hydrology description

Area of the Otava river basin (outlet in the town Susice) is 517.3 km?2. The first of two parts, of
which the Otava river is composed, Vydra is created by the confluence of three rivers in
the mountain village Modrava at an altitude of 978 m above sea level. The second watercourse
from which the Otava river is formed, is Kfemelna river, which rises at an altitude of 1050-1170
m above sea level. Compared to Vydra river Kfemelna river is leisurely, meandering watercourse.
After the confluence of Kfemelna and Vydra at an altitude of 627 m above sea level at Cefikova
sawmill continues the stream as the Otava river.

The first selected subcatchment of the Otava river basin in this paper is upper part of Vydra river
basin — outlet is just before the beginning of artificially built Vchynicko - Tetovsky floating channel
(at an altitude of 937 m above sea level surpassed water from the Vydra River by original 14 km
long route and 255 m elevation to the Kfemelna river at an altitude of 682 m above sea level).
Area of this subcatchment is 89.5 km?2.

The second selected subcatchment of the Otava river basin in this paper is VolSovka river basin
— outlet is just before the confluence with Otava river (slightly above SuSice town). Area of this
subcatchment is 73.2 km?.

3. Methods
3.1 Land use

To categorize land use the results of Corine Land Cover project were used, for the years 1970,
1990, 2000, 2006 and 2012. The CORINE Land Cover (CLC) inventory was initiated in
1970. Updates have been produced in 1990, 2000, 2006, and 2012. It consists of an inventory of
land cover in 44 classes. CLC uses a Minimum Mapping Unit of 25 hectares (ha) for areal
phenomena and a minimum width of 100 m for linear phenomena. The time series are
complemented by change layers, which highlight changes in land cover with the minimum
mapping unit of 5 ha.

3.2 Direct runoff

To quantify changes in direct runoff height in a different river basin management (i.e. different
land use) under the same designed rainfall events CN curve number method was used, because
in the Czech Republic and abroad, this method is often used, among other things, for assessing
the impact of changes in land use on the size of the direct runoff (Kasparek and Pelakova, 2014).

The runoff curve number (also called a curve number or simply CN) is an empirical parameter
used in hydrology for predicting direct runoff or infiltration from rainfall excess. The curve number
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method was developed by the USDA Natural Resources Conservation Service, which was
formerly called the Soil Conservation Service or SCS. The runoff curve number was developed
from an empirical analysis of runoff from small catchments and hillslope plots monitored by
the USDA. It is widely used and is an efficient method for determining the approximate amount of
direct runoff from a rainfall event in the area.

The basic input to CN method is designed rainfall event (P - [mm]) assuming uniform distribution
over the entire river basin area. For rainfall-runoff event for a given time is assumed that the ratio
between the current retention (F - [mm]) and maximum potential retention of the basin (S - [mm])
is the same as the ratio between the direct runoff (Q - [mm]) and the rainfall without initial
abstraction (P - la - [mm]). Initial abstraction is expected to be 0,2.S (Janecek and Kovaf, 2010).
Using balance equations were derived from these assumptions following equation:

_P=02xS L oaxs
“Progxs Vrerer=0ex

Described method uses runoff curve numbers (CN) that transform the retention, instead of
potential retention, so that the CN ranges from 0 to 100. Transformation for the variable in mm is

following:
25400

N =<7

Runoff curve numbers are according Janecek (2002) determined by:

* hydrologic soil groups (HSG) divided into four groups A, B, C, D according to the minimum
infiltration rates of soils without vegetation cover when thoroughly wetted,

* soil moisture at the beginning of the event,

* land use, i.e. the type of vegetation cover, tillage and application of erosion control methods.

To categorize the soils into the HSG (hydrologic soil groups) were used method described in Sercl
(2006), which adapts the CN method for steeper area. When categorizing soil into HSG were
therefore considered not only the infiltration capacity of soils, but also the water retention capacity
of the soils and the slope of the territory derived from the digital terrain model. Everything was
calculated in software ArcGIS 10.1 in raster format. Data of the infiltration rates and water
retention capacities were taken from the “Research Institute for Soil and Water Conservation® in
Prague, digital terrain model was constructed in ArcGIS 10.1 based on the contours of the model
ZABAGED (The geographic base data of the Czech Republic from the “Czech Office for
Surveying, Mapping and Cadastre®).

For each combination of different HSG categorizations (by infiltration capacity, water retention
capacity and the slope of territory) with land use (used GIS tool “Raster Calculator”) were
subsequently determined values of CN (tool “Reclassify”) and subsequently from these (three)
CN values (raster) the mean for each pixel (tool “Cell Statistics”) was calculated. Since
the infiltration rate can be considered as the most important soil characteristic to create direct
runoff from rainfall event (primarily in planes), the resulting map of CN values (Fig. 2) was formed
as the maximum CN value determined from HSG by infiltration and average values CN of HSG
by all the used categorizations (tool “Cell Statistics”). This emphasized the influence of a low
infiltration rate of soils in the flat area and influence of water retention capacity and the slope of
the territory in areas with steeper terrain (Sercl, 2006).

For the calculations of direct runoff designed rainfall events with the annual exceedance
probability of p=0.1; p=0.02 and p=0.01 (return period of N =10, N =50 and N = 100 years —i.e.
10-year, 50-year and 100-year rainfall) were used in this study. Calculation of the N-year designed
rainfall evenly distributed over the entire river basin area (assumption of CN method) were done
by interpolation (spline method) in software ArcGIS 10.1 (tool “Spline” in 3D Analyst) of the N-
year rainfall in the rain gauge stations within the Otava river basin and its surroundings. The 24-
hour designed rainfall for each return period are as follows: N10 = 82.6 mm, 112.2 mm = N50 and
N100 = 125 mm.
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Fig 2. Example of the map of final CN values in the 2012.

The values of the direct runoff (mm) and its volumes (m?®) for each input CN raster for the years
1970, 1990, 2000, 2006 and 2012, and for each designed rainfall events (10-year, 50-year and
100-year) were subsequently calculated (using the formulas given above by the GIS tool “Raster
Calculator”) in ArcGIS 10.1. Example of the resulting direct runoff volume raster in m3 calculated
for the 10-year rainfall and land use in 2012 is on the Figure 3.
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Fig 3. Direct runoff volume [m?] for 10-year rainfall in 2012.

4. Results and discussion
4.1 Land use changes

The subject area was under the observation period and often radically altered. the year 1970,
which represents the state before until the mid-18th century was selected as a reference datum.
The whole area of Sumava mountains was predominantly forested, only small part of
the mountainous part of the examined catchments was used as small scale fields and grassland.
These parts were surrounding the small municipalities. Many of them was depopulated and
destroyed after 1945 after German inhabitants were displaced to Germany. After that the territory
stayed abandoned and the parts of fields were turned into grasslands or later into forests. These
changes can be traced until 1970. It should be noted that since 1970 the use of territory has
changed significantly nearly in the entire surface. The changes in the land use of the whole
catchment are documented in the Figure 4 and 5.
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Fig 4. Changes of land use in the Otava catchment.

Changes are practically constant, and at two basic levels:

1) Conversion of arable land with varying intensity at different management of intensive and
extensive grassland

2) Deforestation of large areas of indigenous mostly spruce monocultures and their transfer to
the shrub and herbaceous vegetation covering the surface with a discontinuous vegetation

Legend

- Urbanized areas - Arable land Grassland - Forests Deforested areas - Peatbogs

0 5 0 10 Kilometers

Fig 5. Changes of land use in the Otava catchment — spatial distribution of the land use categories.
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The first-mentioned change in the area is related to the transfer of arable land to various forms of
permanent grassland. This change was caused mainly by economic as well as environmental
reasons. The first significant change was recorded in 1990. The conversion of cropland to
permanent grass cover was related to the change of the political situation in the whole Central
and Eastern Europe. Under this pressure and under pressure from neighbouring countries and
consequently the European Union, there have been some partial changes in land use (Sklenicka,
1999). These changes were reflected off the site of interest, especially in the ongoing reduction
in the percentage of arable land throughout the country in the period after 2004. This trend is
supported by setting state and the European Union subsidy policy (Koufilova, PSencik, Kopta,
2009). The main driving force that brought about changes in the conversion of cropland to
permanent grass cover was the creation of agri-environment grant scheme. Conversion of arable
land has continuing problems with degradation of arable land by erosion, compaction, etc.
The measure is divided into six titles, because grassing can be made by three kinds of mixtures.
Then there can be distinguished grassing of parts near water or in protective zones of water
sources and grassing outside this area. Species-rich mixture is appearing for the first time and
represent a certain alternative to tighter regional blends. The aid is effective and permanent
protection of soil against erosion, water pollution prevention, increasing species diversity and
attractiveness of the landscape. Changes in agricultural commodity markets also brought
a reduction in livestock, particularly cattle for milk production. These breeds were either cancelled
without refund or farmers switched to less intensive cattle breeding ongoing grazing manner. For
this reason, there is a constant increase in the acreage of grassland at the expense of other
categories of agricultural land (Csaki, Lerman, 1997).

The demonstrated changes in the land use are best shown in the VolSovka catchment as
documented in the Figure 6 and 7.

1970 1990 2000 2006 2012
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I vrbanized areas [ Aravle tand Grassiand [JJJij Forests Deforested areas [ Peatbogs
o
>
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0 3 6 12 18 24

Fig 6. Changes of land use in the VolSovka and Vydra catchment — spatial distribution of the land use categories.
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Fig 7. Changes of land use in the VolSovka catchment.

The second described change — loss of forest areas — was first recorded in 1990. It was a change
to a smaller portion of the territory over the coming decades.

The cause must be sought in the past. During the 18th century, after the last big wave of
settlement, there was a large loss of forest area. Due grazing in the forest and favouring mining
hardwood species richness was negatively affected (Hrib et al., 2009). In addition to the clear-
cutting for the needs of glassworks and subsequent afforestation of even-aged spruce
monocultures is causal primarily wind calamity of October 1870. After described natural disaster
areas were promptly reforested by trees. Spruce seedlings were imported for this purpose from
all parts of the former republic and their genetic composition differs from the original Sumava
spruces (Manek, 2001). This led to a weakening of natural populations of native spruce, that were
already years adapted to local conditions. The result is often highly unstable growth with reduced
resistance to diseases and pests like bark beetle (Fanta, 1997). Another negative influence for
resilience of forests were caused by the discharge of pollutants and acid deposition into
the atmosphere (Kopacek et al., 2009). Pollution took place from the beginning of the Industrial
Revolution until the 80s of the 20th century. In our country, stronger steps against atmospheric
pollution were taken after 1989. Because of these changes, the forest is weakened, decreasing
vitality and substantially increases the risk of possible damage by disturbances (Fanta, 1997).
The most significant disturbance on the area of interest is considered the influence of wind and
insects (Jonasova, Prach, 2008). Based on historical sources the important fact is that a wind
storm or gale in the past in the Bohemian occurred quite frequently, but their frequency varied
over the centuries (Skuhravy, 2002; Dobrovolny, Brazdil, 2003). Currently, it is more frequent, but
their appearance and in the future to be reckoned with frequent wind warps at high speeds
(Kolejka et al., 2010).

The loss of forests between 1970 and 1990 has its cause in the first place outside the area of
interest. During the years 1983 and 1984 the areas of neighbouring Bavarian National Park were
affected by two powerful winds, which damaged large areas of valuable forest ecosystems in
the first zone of the national park (Skuhravy, 2002; Jonasova, Prach, 2008). Heavily damaged
forest in non-intervention part of the Bavarian National Park has become a breeding ground for
the rapid development of the bark beetle, which subsequently began to spread into
the surrounding forests. Czech part of Sumava was hit by bark beetle in 1990 (Skuhravy, 2002).
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Monocultural local spruce forest significantly contributed to the rapid development of the bark
beetle in Sumava, which reduces the ability of spruce forests to withstand the stresses caused by
strong winds (Jonasova, Prach, 2004).

Already so weakened and reduced stands of forest were damaged even more. The next big hit in
the Sumava mountain spruce came on the night of 18 to 19 January 2007 when the Bohemian
Forests caught wind of hurricane force, named Kyrill. The highest recorded wind force in national
park was 176 km/h. Thus, strong winds caused extensive damage to forests in dozens of square
kilometres (Kolejka et al., 2010). It fell victim to around one million cubic meters of wood.

Windstorm hit the most senior parts of the Sumava National Park. The subsequent massive loss
of forested areas between 2006 and 2012 took care of warm and dry late winter and early spring,
which caused a very rapid onset of bark beetles (Steyrer, Tomiczek, 2007).

A total of about 217.000 trees in the forests of the National Park Sumava left without treatment.
Raw windbreaks have become a source of spread of spruce bark beetles in the area. Mining
infested trees in 2010 exceeded historical maximum and reached the highest value in the history
of the Sumava National Park. Even in forests left to spontaneous development was the death of
hundreds of thousands of adult pines.

The demonstrated changes in the land use are best shown in the Vydra catchment as
documented in the Fig. 7 and 8.
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m2012 0,00% 2,01% 75,45% 0,00% 14,83% 3,57%

Fig 8. Changes of land use in the Vydra catchment.

126/229



4.2 Runoff characteristics

The resulting values of the heights of direct runoff and runoff coefficients for individual designed
rains are shown in Tables 1 and 2.

Tab 1. Direct runoff [mm] for designed rainfall with periodicity 10, 50 and 100 years on Otava river basin and its
subcatchments (VolSovka and Vydra).

N10 (82.6 mm) N50 (111.2 mm) N100 (125.0 mm)
Year / Designed rainfall

Otava | Volsovka |Vydra |[Otava |Volsovka |Vydra |[Otava |Volsovka |Vydra
2012 13,6 159 14,1 28 319 28,7 35,3 39,8 36,1
2006 12,9 16,1 11,9 26,8 32,1 24,9 33,9 a0 31,6
2000 13 164 11,8 27 32,5 24,8 34,1 40,5 31,5
1950 13,8 19,5 10,9 28 36,6 23,2 35,2 45 29,7
1970 13,8 22,9 9,3 28 41,1 21 35,2 43,8 27,2

The results suggest the influence of land use changes that have occurred in the river basins in
the past, and the formation of runoff. However, differences in values of runoff are not remarkable
in the Otava river basin. The highest differences were, based on model, between 2006 and 2012.
In this period the large areas near the river basin borders were deforested due to combination of
bark beetle calamity, windstorm and excavation of remnants of forest. This change (see Fig. 6
and Tab. 3) is clearly reflected in the Vydra subcatchments, where the value of direct runoff
changed much more intensely between 2006 and 2012. In the Otava river basin, these changes
(i.e. deforestation) have not such an impact due to scale effect (changes occurred in a relatively
small area such a large basin) and mixed effect on the larger area — reduction of forest area
counteract increase of grassland at the expense of arable land. The change is therefore evident,
but not significant — by the hundred-year designed rainfall is the highest difference, which
achieves in direct runoff height 1.4 mm, in units of volume almost 750 thousand m3.

For other changes in land use of Otava river basin are differences in heights and volumes of
runoff smaller, but even here it can be seen the positive impact of some changes. For example,
reduction of direct runoff between 1990 and 2000 can be put into the context with the grassing of
arable land after 1990. In contrast, surprisingly identical values of direct runoff model were
calculated in 1970 and 1990, although there had been significant changes in the landscape.
However, the loss of arable land, pasture and forest has been "offset" by the increase of meadows
and bushes, so that was a mix of changes variously distributed across the river basin with almost
no difference for creating direct runoff throughout the river basin.

These results confirm the findings of Kasparek (2007), who based on the long-term observation
and statistical analysis suggests that it is virtually impossible that changes in land use (if we
exclude drastic interventions such as the permanent removal of vegetation cover from soil or
the establishment of impervious surfaces) can permanently significantly change the long-term
average height of runoff from the river basin. Similarly, Hanel et al. (2011) argue, that by larger
basins whose area is in the hundreds km? and which are not predominantly agriculturally used
changing flood runoff volume and flow due to changes in land use is almost unreal. Because in
this study there are modelled extreme precipitation events (N = 10 to N = 100 years), the results
also confirm the claim that the use of the land has only a marginal impact in the development of
flash floods (Hattermann et al., 2012). Also, Hanel et al. (2011) adds that for flooding from extreme
rainfall is the effect of land use on runoff volume and flow weaker compared with the importance
of causal precipitation. This confirms KaSparek and Kratka (2004), claiming that during the major
floods in 2002 (which also took place at the catchments evaluated in this study), the influence of
total rainfall on the height of the flood flow was completely dominant.

This conclusion does not mean that changes in land use and other measures decreasing surface
runoff should be avoided. Changes in land use from arable land to grassland or forest naturally
improves soil protection against erosion in the river basins and can have a significant impact on
flood flow height and peak flow in smaller catchment area, especially for short-term floods. This
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is confirmed by results from subcatchments VolSovka (positive development for water retention)
and Vydra (negative development for water retention). In VolSovka river basin is from 1970
continuously increasing the retention capacity of the landscape primarily by increased grassland
instead of arable land. However, on the other hand in the Vydra river basin is continually
increasing the value of direct runoff due to deforestation. This confirms Hornbeck et al. (1993)
claiming that cutting down forests leads to a reduction of interception and evaporation, and
consequently a larger share of the total rainfall is involved in surface runoff.

Zlabek (2009) find out by runoff time series analysis of several catchments that fully forested
watershed has due to the high-water retention and evapotranspiration the lowest runoff
coefficient. The runoff coefficient (15%) was more than two or three times lower than in
catchments with different land use (intensively farmed catchment with the village inside reach
even 59%). Similar conclusions mention Tallaksen (1993), Wegehenkel (2002) and Wegehenkel
(2003). Likewise, Kovar (2006) and Bosch and Hewlett (1982) point at the high retention capacity
of the forest by the least achieved maximum specific discharge in forest basins.

Despite the negative runoff characteristics development in Vydra river basin, the values of direct
runoff calculated from the same design rainfall is still lower than in the basin VolSovka. In fact, in
Vydra subcatchments forests were replaced by land cover, which can be characterized as a scrub
and herb layer on the forest floor. CN value therefore varies, but the soil is permanently covered
with vegetation and soil infiltration properties themselves remain at a good level.

Tab 2. Direct runoff coefficient [%] for designed rainfall with periodicity 10, 50 and 100 years on Otava river basin and
its subcatchments (VolSovka and Vydra).

N10 (82.6 mm) N50 (111.2 mm) N100 (125.0 mm)
Year / Designed rainfall

Otava | Volsovka |Vydra |Otava |Volsovka |Vydra | Otava | Volsovka | Vydra
2012 16,5 19,2 17,1 25,0 28,7 25,8 28,2 31,8 28,9
2006 15,6 19,5 14,4 23,9 28,9 22,4 27,1 32,0 25,3
2000 15,7 15,9 14,3 24,1 29,2 22,3 27,3 32,4 25,2
1950 16,7 23,6 13,2 25,0 32,9 20,9 28,2 36,0 23,8
1970 16,7 27,7 11,3 25,0 37,0 18,9 28,2 39,8 21,8

The above described changes are reflected in the characteristics expressed in relative terms
(runoff coefficients — Tab. 2). Moreover, it is seen that the coefficients of runoff during designed
rainfall N = 10 to N = 100 years are in the range of about 15-30% (except for VolSovka
subcatchment). This confirms the findings of Kasparek et al. (2010) that the runoff coefficients of
flood flow even by a very intensive and large precipitation are close to the value of 30%. Similar
values are seen on the charts published by KaSparek and Kratka (2004), which suggests that in
exceptional floods in 2002 runoff coefficients were maximally to 30% in the river basin areas larger
than 400 km? with total rainfall amount varying from 80 to 150 mm. Results from the Vol$ovka
catchment show that the runoff coefficients can be higher than 30% after intense rainfall episode,
especially for smaller catchments, which are predominantly agriculturally used.

The results were not compared with the measured data at the catchment outlet since the model
entered designed rainfall events (theoretical — 10-year, 50-year and 100-year rainfall), not real
rainfall totals. However, many authors consider the SCS-CN (Soil Conservation Service curve
number) method as a one which yields satisfactory results (for example Schulze et al. (1992),
Hawkins (1993), Bonta (1997), Zhan and Huang (2004), etc.). Shadeed and Almasri (2010) claim
that the accuracy of the GIS-based SCS-CN method in estimating direct surface runoff is found
to be about 85% (for the arid to semi-arid Palestinian catchments). This value is good enough to
assume the applicability of the SCS-CN method in predicting runoff generation amounts.

5. Conclusions

Landscape in mountain and foothill areas of the Czech Republic has undergone over the last half
century many changes that have a different impact on water retention and consequently runoff
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characteristics during intense rainfall. In mountainous areas (especially borderline top ridges
areas) land use remained mostly relatively unchanged (i.e. almost completely forested), but in
some areas (e.g. Vydra river basin), the runoff characteristics deteriorate due to the vulnerability
of monoculture spruce forests by natural disasters (windstorms), diseases and pests. Conversely,
in the foothill areas retention capacity is increasing due to conversion of arable land with varying
intensity at different management of intensive or extensive meadows and pastures, especially
after the year 1990.
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