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Abstract: In recent decades many forests in Slovakia, especially those in mountain basins,
have been devastated by wind or snow calamities. Hence, the main aim of this paper is to analyze
land use and estimate the changes in runoff from the Boca and Ipoltica river basins in Slovakia for
historical (1990 and 2006) and present land use (2012). The changes in runoff are presented as
changes in design floods. For estimating the design floods, the curve number method was used.
The values of the design floods on both of these river basins have increased due to deforestation.
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1. Introduction

Forests are an important part of the hydrological cycle; they affect the quality and
quantity of water, runoff rates, extend of flooding, the rate of erosion, etc. The amount
of water that flows into a catchment area is affected by climatic factors like the rate and
frequency of precipitation, water accumulation, or snow melt. According to [1], the
formation of runoff in a catchment area depends on its geological structure and soil
composition (permeability and retention capacity), the morphology of the catchment
area, its vegetation, and land use. The interaction between these factors affects the final
shape of the runoff hydrograph, i.e. the increasing or decreasing tendencies of the flow
velocity, peak flow, and flood wave volume.
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The relationship between a forest and the runoff from a catchment area was
confirmed by an experiment at the beginning of the 20" century. In the year 1900,
Professor C. Bourgeois of the Swiss Federal Institute for Forest, Snow and Landscape
Research started systematic measurements of runoff on two small river basins
(Spelbergraben and Rappengraben) with different forest densities [1]. In 1927 Zdenék
Valek [2] started similar research in an area located at the Slovak and Czech border [3].
The first results of the experiment confirmed the benign influence of the forest on
runoff, i.e. extremely large flood flows were reduced. In 1919 [4], Professor Arnold
Engler discovered that runoff from a forested catchment area is significantly less than
runoff from a catchment area with only 35% of the forests.

According to Fan et al. [5], the rainfall-runoff process is a complex, dynamic and
nonlinear process. To simulate the hydrological processes in uncontrolled catchments,
rainfall-runoff models have recently been used. By using these models, it is possible to
calculate design flows; therefore, flood parameters like peak flows, wave volumes,
durations, etc. can be calculated.

The paper focuses on the changes in land use and their effect on the runoff
formation. The changes in runoff are presented as changes in design floods. The aim
was to compare the changes in design floods, in period before and after the
deforestation has occurred. The study is located on two small mountain river basins in
Low Tatras in Slovakia.

2. Methodology

2.1. The soil conservation service - curve number

The methodology of the Soil Conservation Service - Curve Number (SCS-CN) is
used in ungagged rural catchments where there are no measurements or observations of
direct flows for estimating the volume of the direct surface runoff characteristics of
small basins [6]-[8]. This method is not only used for predicting direct surface runoff
volume for a given rainfall event, but it is also used to estimate the volume and peak
rate of surface runoff [7], [9]. The main parameter in this methodology is the Curve
Number (CN), which is based on an empirical study of runoff in small watersheds and
hill slopes [5]. This parameter depends on land surface characteristics and hydro-soil
conditions. The primary reason for its wide applicability and acceptability lies in the
fact that it accounts for most runoff - producing watershed characteristics, e.g. soil types
[10], land use/treatments, surface conditions, and antecedent moisture conditions [11].
Soil properties can have a significant influence on the amount of runoff [12].

The mean CN value for a given river basin is determined using the CN table values
[13], [14]. This method allows for the calculation of a peak flow O,,.x by calculating the
time concentration #;., the maximum potential river basin retention 4, the design rainfall
intensity H., the depth of runoff H,, and the flood wave volume V.

When applying the CN method to calculate design floods in the Boca and Ipoltica
river basins, the design rainfall was used as an input rainfall, and the initial abstraction
coefficient was equal to zero.
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3. Study area, input data and land use analysis

The study areas are two neighboring basins of the Boca and Ipoltica rivers, which
are located in the Low Tatras National Park in Slovakia. This area has been affected by
several wind calamities in recent decades; the two most extreme calamities occurred in
2004 and 2007 [15].

The main inputs for this study were digital maps:

— raster maps of the Digital Elevation Model (DEM), with a grid size of

- 20x20m (Fig. 1);

— vector maps of types of soil (Fig. 2);

—  Corine Land Cover (CLC) vector land use maps for 1990, 2006 and 2012

— (Fig. I -Fig. 6) [16];

— raster maps with a scale of 1:25 000 created according to the basic database for
the Geographic Information System (ZBGIS®) [17].

The input data were processed using the Geographical Information System
(GIS) [18].
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Fig. 1. The DEM of the Boca (top) and Ipoltica (bottom) river basins
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Fig. 2. The maps of types of soil of the Boca (top) and Ipoltica (bottom) river basins

The Boca River basin with its outlet in Maluzina is a left tributary of the River Vah.
The area of this basin is 81.93 km?”. In 1990, 82.9% of this area was covered by forests.
In 2012, only 52% of the area was covered by forests. Instead of forests, transitional
woodland-shrubs and pastures started to spread. The spatial changes in the land use of
the Boca River basin over the period (1990, 2006 and 2012) can be seen in Fig. 3.

The Ipoltica River basin with its outlet at the Cierny Vah station is a left tributary of
the Cierny Vah River. The area of the basin is 86.28 km®. In 1990, forests used to cover
79.2% of this area. In 2012, the area with forests was reduced to 69.8%; instead of
forests, transitional woodland-shrubs started to spread. The spatial changes in the land
use of the Ipoltica River basin over the period (1990, 2006 and 2012) can be seen
in Fig. 4.
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Fig. 3. Land use maps of the Boca River basin for (from top) 1990, 2006 and 2012
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Fig. 4. Land use maps of the Ipoltica River basin for (from top) 1990, 2006 and 2012
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After analyzing the land use changes in the Boca and Ipoltica river basins, it can be
concluded that the Boca River has been affected more by wind calamities. More
detailed results of the comparison are described in the conclusion.

4. Estimation of the design floods and results

The aim of the calculations was to compare the design floods Qy for 1990, 2006, and
2012 and the return periods of 10, 20, 50, and 100 years. Using DEM and the spatial
analysis tools in GIS, the longest runoff path was determined (Fig. 5). The runoff path
was divided into runoff on a hill slope, in a valley, and in a river channel.
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Fig. 5. The longest runoff paths for the Boca (top) and Ipoltica (bottom) river basins
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The mean runoff velocity along the runoff path was determined using tables from
the literature [19]. The mean runoff velocity depends on the slope of the terrain and the
land use along the hill slope and valley path. In the case of the Boca River basin, the
land use along the path has changed over time; hence, the time of concentration for
1990 and 2006 (2,=79.61 min) is different than for 2012 (#,=69.35 min). In the case of
the Ipoltica River, since the land use around the runoff path has not significantly
changed, the time of concentration was the same for all three years (#= 84.32 min).

The design rainfall intensity values (Fig. 6) for the two stations were used for the
calculations (the Liptovsky Hradok station was used for the Boca River basin, and the
Kralova lehota - Cierny Vah station was used for the Ipoltica River basin). These values
were divided from the one-day design values by a simple scaling method [20]. A simple
scaling method is used to process rainfall data for a period of time shorter than one day.
It is used to determine the design values for duration shorter than one day and for a
selected time period by using daily rainfall records that are commonly available [21].
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Fig. 6. The design rainfall intensity values for various return periods for the Liptovsky Hradok
(top) and Kral'ova lehota — Cierny Vah (bottom) stations

For estimating the design floods, the SCS-CN method was used. When applying this
methodology, the initial abstraction coefficient is equal to zero. An example of the
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calculations and the results of the estimation of the design floods for the Boca and
Ipoltica river basins (for 2012) are shown in Table I and Table II. The results of the
estimation of the design floods (for 1990, 2006 and 2012) for the Boca River basin are
shown in Table I11, and the results for the Ipoltica River basin are shown in Table IV.

Table I
Estimation of the design flood for the Boca River basin (2012)

N H, [mm] for ¢, | weighted average A H, Vv Oy
[year] | =69.35min CN value [-] [mm] | [mm] [m’] [m’.s!
10 21.41 - 332 | 2722414 | 4362
20 23.43 3 < 3.92 | 3215722 | 51.52
50 26.28 e = 4.84 | 396470.7 | 63.52
100 27.92 5.40 | 4423052 | 70.86

Table I1
Estimation of the design flood for the Ipoltica River basin (2012)

N H, [mm] for ¢, | weighted average A H, Vv Oy
[year] | =84.32 min CN value [-] [mm] | [mm] [m’] [m’.s!
10 21.41 " 487 | 420566.8 | 55.42
20 23.43 2 S 5.90 | 5094274 | 67.13
50 26.28 Q & 7.46 | 6432349 | 84.76
100 27.92 8.41 | 725363.3 | 95.59
Table IIT

Estimation of the design flood for the Boca River basin

N weighted average CN value Oy [m’.s]

[year] 1990 2006 2012 1990 2006 2012
10 32.61 33.65 43.62
20 2 a A 38.60 39.81 51.52
50 d < % 47.76 49.23 63.52
100 53.40 55.03 70.86

Table IV
Estimation of the design flood for the Ipoltica River basin
N weighted average CN value Qn[m’.s]

[year] 1990 2006 2012 1990 2006 2012
10 48.09 51.07 55.42
20 a 8 < 58.40 61.95 67.13
50 o N4 3 73.98 78.38 84.76
100 83.58 88.48 95.59

As it can be seen in Tables III and IV, the design floods increased over the three
periods. For example, in the Boca River basin in 1990, Qo = 32.61 n’.s™, Qu = 38.60
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m’s”, Qsp = 47.76 m’.s™, and Qo) = 53.40 m’.s™". These values increased by around
33% when compared to 2012. Similarly, in the Ipoltica River basin, in 1990, Q; =
48.09 m’s”, Qy = 58.40 m’.s, Qsp = 73.98 m’.s”, and Qoo = 83.58 m’.s”. These
values have increased by around 13% when compared to 2012. From this it follows that
design values have increased more in the Boca River basin than the values in the
Ipoltica River basin.

5. Discussion and conclusions

The paper provides an overview of the basic information about the relationship
between forests and runoff formation and the SCS-CN methodology used to estimate
changes in the design floods. The paper focuses on the problems of the afforestation
caused by wind calamities on the two neighbouring basins of the Boca and Ipoltica
rivers, which are located in the Low Tatras National Park, Slovakia.

Using historical (1990 and 2006) and present (2012) land use maps, the changes in
the land use composition were compared for these two river basins.

When the land use of the Boca River basin in 1990 is compared to the land use in
2012, the forests decreased by 30.29%; agricultural land decreased by 1.58%; natural
grasslands decreased by 0.7%; and the urban area decreased only by 0.1%. To the
contrary, transitional woodland-shrubs increased by 29.29%. The moors and heathlands
stayed almost the same (they increased by only 0.09%). While in 1990, pastures had not
been noticed in this river basin, in 2012, they occupied 3.34% of the area.

In the Ipoltica River basin, from 1990 to 2012, forests decreased by 9.38%; pastures
decreased by 2.31%; and natural grasslands decreased by 1.2%. The moors and
headlands again stayed almost the same (they decreased by only 0.08%). The
transitional woodland-shrubs increased by 12.64%, and the agricultural land increased
by 0.34%.

From the analyses it can be concluded that the Boca River basin was more affected
by the wind calamities. It is then logical to also conclude that the runoff changes should
be more significant in the Boca River basin than in the Ipoltica River basin.

The values in both river basins have increased over time. When the results from
1990 and 2012 in the Boca River basin are compared, the values of the design floods
increased by 33.8% in the case of the return period 10 years, by 33.5% in the case of the
return period 20 years, by 33% in the case of the return period 50 years, and by 32.7%
in the case of the return period 100 years. In the Ipoltica River basin, the values of the
design floods increased by 15.24% in the case of the return period 10 years, by 14.95%
in the case of the return period 20 years, by 14.57% in the case of the return period 50
years, and by 14.37% in the case of the return period 100 years.

These changes between the two neighboring basins could be caused by different
land use changes (since the deforestation was higher in the Boca River basin, it is
logical that the changes in the design flood values would be higher as well). They could
also be affected by the different design rainfall intensity values.

The design flood values were mostly affected by the different CN values, which
mostly depend on land use. This problem can appear if the land use maps (used as
inputs for the research) are not precise. The land use maps used for this study were
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created by most European countries using a visual interpretation of satellite imagery.
However, in a few countries these maps were produced by applying the semi-automatic
solutions, using satellite image processing, national in-situ data, GIS integration and
generalization. The question is, how precise was the marking and classification,
especially in Slovakia (since that is where this research has been conducted). Another
problem with this methodology is how to correctly choose the CN values. Specifically,
for this research, the problem was to select the CN values for the afforested area.
Changing this value just by a few numbers can cause a big difference in the results.

However, the design floods have increased in both river basins. If no measures, like
forest management, sustainable wood management, afforestation, etc. are applied,
increasing values of the design floods can also be expected in the future.

More studies in this area have already started. To achieve more precise results,
studies are focusing on hydrological modeling. For flood prediction and watershed
management on basin scale, a distributed hydrological model WetSpa (Water and
Energy Transfer between Soil, Plant and Atmosphere) can be used.
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