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L and use and climate change impact on runoff in a small
mountainous catchment in Slovakia
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Abstract. The paper focuses on the changes in runoff causelldnges in land use and climate.
The study was performed in the Boca River basirichwis located in the Low Tatra National
Park in Slovakia. This area has been affected graésevere windstorms in recent decades,
which had a significant impact on the changes redbcover in the Boca River basin occurred
in 2004 (Alzbeta) and 2007 (Kyrill and Filip). THeark beetle outbreak followed these
windstorms. The first part of the paper focuseghenchanges in runoff caused by changes in
land use for the period from 1990 to 2018. Thegtesalues of short-term rainfalls from actual
observations and Corine Land Cover land use am fasehe calculation of design floods. The
second part focuses on the changes in runoff camgetimate change. The climate change is
represented by data from Regional Climate ModelNIRGcenario. The estimation of runoff
change is provided for the period 2070 — 2100. &mesults are compared with the results from
actual observations. The design floods are caledlasing the Soil Conservation Service - Curve
Number method.

1. Introduction

In the last decades, extreme flash floods causeshbst-term rainfall have become one of the most
common natural threats in Europe, as well as inéi@, which is reflected in a large number of gad

on extreme rainfall, flash floods and flood protect such as seasonal characteristics of floodnwegi
across the Alpine—Carpathian range [1], flash foimdurban areas in Reggio Calabria (Italy) rediin

the impact of extreme rainfall and flash floods dre flood risk management process and
geomorphological changes in small Carpathian cagcitigrin Poland [3], post-event analysis and flash
flood hydrology in Slovakia [4] and the land useacbe impact studies from Myjava River basin in
Slovakia [5].

These extreme events have raised the need to impyalrological methods for natural flood protection
especially in small agricultural and forested maimius catchments. For successful risk management
of these extreme events, it is essential to knotlaf were (or to what extent) affected by land-use
changes and practices. Although the rainfall is ri@st important external factor that affects the
occurrence of floods, the scale, and slow landalsnges, such as changes in forestry, increased
protection of ecosystems and natural measuresptimreawater, changing vegetation in response to
climate and ecological changes and many more,ratgaire attention. Unlike slow land-use changes,
there are also sudden, local factors such as férestand severe windstorms and blizzards that are
more difficult to predict.

Changes in land use and runoff formation in conopeawith forestry have also been brought to the
attention. The relationship between a forest apdtnoff from a catchment area was confirmed by an
experiment at the beginning of the 20th centuriPlfessor C. Bourgeois of the Swiss Federal Iristitu
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for Forest, Snow and Landscape Research. Bourgeoted systematic measurements of runoff on two
small river basins, Spelbergraben, and Rappengrabgmndifferent forest densities [6]. In 1927 Z@kn
Vélek [7] started similar research in an area ledatt the Slovak and Czech border [8]. The restilts
these experiments confirmed the influence of thredibon runoff and showed that the substantional
flood flows were reduced.

Experiments involving deforestation and afforestatihave been carried out on slopes and permanent
forests. Many authors have focused their researc¢his study, and there are many publications & th
topic, such as, the hydrological impact of the Me@anean forests in France [9], role of the fonest
hydrological cycle and runoff [10], land use effeoh flood generation — considering the soil hylicau
measurements in modeling [11], etc.

This article is focused on an assessment of thecetpf the climate and land use (especially forest
composition) changes on runoff. The changes inffuare presented as the changes in design floods.
The design floods are calculated using the Soils€oration Service - Curve Number method and the
design rainfall intensity values from the Liptovskaplicka station. In the first part of the paper, changes
in runoff caused by changes in land use for theogdrom 1990 to 2018 are calculated and analyzed.
The design values of short-term rainfall were ddddrom actual observations using the simple sgalin
method. The second part of the study focuses oohtarges in runoff caused by climate change. The
climate change is represented by data from RegiChalate Model (RCM) scenario, for the period
2070 - 2100.

2. Methodology

2.1.Simple scaling

To process rainfall data for a period of time séothan one day, a simple scaling method is usesl. |
used for determination of the design values foution shorter than one day and for a selected tim
period by using daily rainfall records that are coomly available. Simple scaling method can be agpli
ti the relationship between the intensity, duratiand periodicity properties (IDF properties) oé th
precipitation. The general shape of the deternonatif the scaling properties of the precipitatien i
based on the following IDF formula [12]:

._a(m
1= Wd), (1)
where: T—return period function, b(d) — durationdtion of the rain given by the formula:
b@)=(d+0)", 2

where:0, n—parameters, determined by the estimaion0, 0 <n < 1.

In this paper, the simple scaling for the scalihghe statistical moments was applied. The scaling
exponent was estimated with a linear regressian tie slope between the logarithmic moment values
and the scaling parameters for the different oadleéhe moments. A linear dependence between the
scaling exponent and the moment order is a scalipgnent of the first order. This property is assi
to as "wide sense simple scaling". The followingriala is used for deriving the scaling coefficients
[13,14]:

ENGa/=2ENG, (3)

where:pn = 3 — the scaling exponent of the n-th order.

2.2.The Soil Conservation Service — Curve Number (SNB-C

The SCS — CN method is used for estimating therwelof direct surface runoff characteristics in $mal
rural catchments where there are no measureméatgiabservations of direct flow [15]. This method
is used to predict direct surface runoff volumedgiven rainfall event, as well as to estimatevtilame

and peak rate of surface runoff [15]. Curve Nun{@h) is the main parameter in this model, and it is
based on an empirical study of runoff in small wsiteds and hill slopes [16]. Parameter CN depends
on land surface characteristics and hydro-soil tmms. As shown in Mishra and Singh [17], the SCS



Advances in Environmental Engineering IOP Publishing
IOP Conf. Series: Earth and Environmental Science 444 (2020) 012036  doi:10.1088/1755-1315/444/1/012036

— CN method is based on a water balance equatjoan@ two hypotheses. The first hypothesis, as
shown in equation (5), equates the ratio of thead@mount of direct runoff (Q) to the total raih{#®)

to the ratio of the amount of actual infiltratidf) to the amount of the maximum potential reten{®h
The second hypothesis, as shown in equation (Btesethe initial abstraction (Ia) to the maximum
potential retention.

P=la+F+Q, (4)
Q _F
AP (%)
la=2 . S, (6)

where: P—total rainfall [mm], la—initial abstraatifmm], F—cumulative infiltration excluding la [mm]
Q—direct runoff [mm]A—initial abstraction coefficient [-], S—maximum patial retention or infiltration
[mm].

3. Study area and input data

The area of interest is the Boca River basin, wiidbcated in the Liptovsky Mikulas district (Figu

1) in the Low Tatras National Park in Slovakia. B&ca River basin with its outlet at the Maluzini
station has the basin area of 81.93kamd it is a left tributary of the Vah River.

Legend
[ | Boca River basin
[ | Liptovsky Mikulas District

[ | Slovakia

o 25 50 100 km

Figure 1. Location of the Boca River basin.

For the analysis of the runoff changes caused my lese impacts the actual measured and simulated
data of rainfall were used. The historical obseéovatof rainfall was provided by the Slovak
Hydrometeorological Institute. The data consistghef hourly rainfall intensities for the 1995-2009
period.
Secondly, the rainfall data used in the analysidife future changes in run-off caused by climagenge
were created by a CLM simulation and were provioe®r. Martin Gera from Comenius University in
Bratislava, Department of Astronomy, Physics of Hagth, and Meteorology. The Regional Climate
Scenario (RCM) used consists of the rainfall initégss for the future period (2070-2100). The RCM
scenario selected for the simulation of the climates the SRES A1B scenario, which is a semi-
pessimistic scenario with an increase in the glalzaiming temperature of about 2.9° by the year 2100
This scenario relates well to the current processtdse atmosphere.

The inputs for the estimation of the design floodssists of following digital maps:

- raster map of the Digital Elevation Model (DEM) thva grid size of 20 x 20 m;

- vector map of the types of sail;

- Corine Land Cover (CLC) vector land use maps ferybar 1990 and 2018 (Figure 2) [18];

- raster maps with a scale of

- 1:25 000 created according to the basic databasthéoGeographic Information System
(ZBGIS®) [19].
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Legend
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Figure 2. Land use maps of the Boca River basin in the E9@02018.
4. Results of estimation of the changesin design floods

4.1.Land use change impact

The study aimed to compare the impact of land baage from 1990 to 2018 on the design floods (QN)
for 1990 and 2018, for the return periods of 10,5 and 100 years using the actual measured data
(total rainfall). When applying the SCS-CN methtitt initial abstraction coefficient is equal toaer
The values of the main parameter CN that dependiarmh surface characteristics and hydro-soil
conditions were selected from the CN table val@é$. [

The calculation and results of the estimation ef design floods using the design values of rainfall
intensities for the actual period are shown in €dbhnd Table 2.

Table 1. Estimation of the design floods for the Boca Rivasin in the year 1990 using the actual
design values of rainfall.

N [year] P [mm] for ¢ = Weighted average CN S On
79.61 min value [-] [mm] [m3sY]
10 29.32 o 0 42.93
20 31.78 o g 49.90
50 34.69 B ] 58.72
100 36.65 65.00

Table 2. Estimation of the design floods for the Boca Rivasin in the year 2018 using the actual
design values of rainfall.

N [year] P [mm] for t = Weighted average CN S On
Y 79.61 min value [-] [mm] [més?]
% 29.32 © ™ 49.94
20 31.78 Q 2 7 04
50 34.69 3 & 58,05

100 36.65 75.22
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When the results from the Table 1 and 2 are cordpdhe values of the design floods increased by
14.02% in the case of the return period 10 yeard 3:88% in the case of the return period 20 ydayrs,
13.70% in the case of the return period 50 yeard,byy 13.60% in the case of the return period 100
years. This increase in the designed floods wasethhecause of land use change. Figure 3 shows the
percentage of certain land use covers. The fomedtse Boca River basin have decreased by 43.5%
since the year 1990. This deforestation was masbgily caused by the AlZzbeta, Kyril and Filip
windstorms and has affected the design floods.

2,8%  0,4% . 3,29 13% (39
. 6(;‘:,2% ? m Coniferous forest 37% ’ 0.3%
y 0 y

6,1% m Mixed forest

Transitional
woodland-shrub

m Grasslands

m Pastures
44,6%

m Agricultural land

82,4% m Urban area

2,0%

Figure 3. Percentage of the land use cover for the year (8@pand 2018 (right).

4.2.Climate change impact

The second part of the study focuses on the changesoff caused by climate change, using thestate
available land use (from 2018) and the future mtéxh of rainfall data created by a CLM simulation
(2070-2010 period). Downscaled design values osliogt-term rainfall depths are radically highearth
the actual measured rainfall depths. For the fupgeod, the difference between the amounts of
precipitation seems to be two times higher.

The design flood QN, for the 2100 year was caledldbr the return periods of 10, 20, 50, and 100
years. Except for the total rainfall values, afilits data were the same as in calculation in Tablde
calculation and results of the estimation of theigle floods using the downscaled data from future
scenario are shown in Table 3. The comparisoneofélults from a calculation using the actual desig
values of rainfall intensities and design valuesadrdfall intensities from the future scenario ah®wn

in Table 4.

Table 3. Estimation of the design floods for the Boca Rivasin using the design values of rainfall
intensities from the future scenario.

N P [mm] for t = Weighted average CN S Qn
[year] 79.61 min value [] [mm] [m3.s7]
10 37.58 78.72
© [32]
20 45.63 o~ 2 111.69
50 56.37 3 © 162.27
100 64.08 202.71

Table 4. Comparison of the design floods using the actusigtevalues of rainfall intensities and
design values of rainfall intensities from the fetscenario.
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N On [mi.s]
[year] actual period future period
10 49.94 78.72
20 57.94 111.69
50 68.05 162.27
100 75.22 202.71

5. Summary

The paper provides basic information about the Engraling methodology and the SCS-CN
methodology that was used to estimate change®idakign floods.

When the land use from 1990 and 2018 are comp&igdré 2 and 3), it is noticeable even by eye that
the land use has visibly changed over the peribd.férest has decreased by 43.5%. When the results
from 1990 and 2018 are compared, the values odéken floods increased by 14.02% in the case of
the return period 10 years, by 13.88% in the catleeareturn period 20 years, by 13.70% in the cdise
the return period 50 years, and by 13.60% in thse cd the return period 100 years. This was most
probably caused by deforestation, which can bedhalt of the severe windstorms and by the bark
beetle outbreak in the year 2004 and 2007.

When the results from a calculation using the dafeaign values of rainfall intensities and design
values of rainfall intensities from future scenaaire compared, it can be seen that results predsst
more increased values of the design floods. Theutalon of design floods using the design values o
rainfall intensities from future scenario was paried on the land use form the 2018 year, and sesult
were compared to the results from the calculatidh®design floods using the actual design vahies
rainfall and land use from the 2018 year. Fromltssis expected that the design floods will insea
by 36.57 % in the case of the return period 10gdar48.12% in the case of the return period 203/e

by 58.06% in the case of the return period 50 yeard by 62.90% in the case of the return periddl 10
years.

As the results show, the changes in the land-udealmo the change in the rainfall intensities, have
significant impact on the runoff, for the futurelMide necessary to re-evaluate the flood protection
measures and the water management in the area.
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