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Preface

Climate change is mainly a water crisis. Scientific research must propose solutions
that will have a positive impact not only on the state of water but also on the favorable status
of plant and animal species. This book of papers provides an overview of current topics and
research results to help us understand the implications of changes in natural systems, as well
as to build the knowledge base for more effective adaptation.

Authors of presented studies from Slovakia, Czech Republic, Hungary, Slovenia,
Georgia and Mongolia have focused mainly on analysis of hydrophysical parameters of the
soil-atmosphere system, especially in agro- and forest ecosystems, but also on quantification
of stream flow regime, modeling of hydrological balance of catchments, or on a broader
context of land use change, climate change, occurrence of natural extremes and their general
impact on human society and biodiversity.

The research papers are classified into three thematic chapters:

* Subsurface Hydrology;
* Surface Hydrology;
* Climate Change and Variability.
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CHANGES IN SATURATED HYDRAULIC CONDUCTIVITY,
EXTRACTABLE MACRONUTRIENT CONTENTS AND ORGANIC
CARBON FRACTIONS OF A DRIP IRRIGATED SANDY SOIL UNDER
WETTING AGENT APPLICATION
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ABSTRACT

The use of soil wetting agents has gained scientific attention for their prominent benefits
particularly in sandy soils. These benefits are attributed to the increased soil water residence time
in the root zone. Inherently, this fundamental change in water adsorption ability of soils can be
expected to bring about changes in saturated hydraulic conductivity (K), extractable nutrient
distribution, and consecutively the formation of organic carbon fractions (OCF’s) due to the
modified conditions of organic matter decomposition processes. In the current study, influence of a
commercial wetting agent H2Flo (ICL-SF, Inc.) on K, together with water-soluble organic carbon
(Cw), hot water-soluble organic carbon (Chw), potassium permanganate-oxidizable organic carbon
(POXC) and extractable nutrient contents (NH4*-N, NOs-N, K, Mg, Ca, P) were investigated in
different depths (0-15 cm and 15-30 cm) of potato grown sandy soils irrigated with subsurface drip
system. The treated soils presented decreased rates of Ks, and increased contents of extractable K,
Ca and Mg in top-soil. OCF’s were not influenced by the treatment considerably in quantitative
manner, while representing significant correlations only in treated soils.

Keywords: soil wetting agent, saturated hydraulic conductivity, extractable nutrients, organic
carbon fractions

INTRODUCTION

The commercially available wetting agents are commonly alkyl block polymer (ABP) or
polyoxyalkylene polymer (POAP) based surfactants; the effect-mechanisms and influences of
these surfactants are well documented in terms of increased re-wettability and infiltration rate
in water-repellent sandy soils (Barton et al., 2011; Hmielowski, 2018), and enhancement of
soil hydration in managed urban lawns (Chang et al., 2020; Dekker et al., 2019). Wetting
agent molecules are usually structured with a lipophilic/nonpolar head and a polar/hydrophilic
tail. Briefly, surfactants that have a strong affinity for the hydrophobic surfaces of soil
particles are adsorbed onto water-repellent surfaces; in other words, the polar and nonpolar
side of wetting agent molecules will be bonded to water molecules and water-repellent soil,
respectively (Karnok et al., 2004). Simultaneously, the process can increase the infiltration
rate and regulate the redistribution of water throughout the soil profile (Gross et al., 2011),
usually for a short time after a single application. It should be noted that the efficiency and
influence-sustainability of these products may vary considerably in terms of the balance
between water retention and infiltration (Song et al., 2014), consecutively bringing about the
necessity of product-based examination.
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However, the main scientific curiosity in surfactant studies has changed its perspective
recently, due to emerging reports on surfactant-induced re-hydrophobicity (Song et al., 2021)
and increased dissolved organic carbon (DOC) together with particulate organic carbon
(POC) in treated soil leachates (Song et al., 2018; Song et al., 2021). In particular, POAP-
based surfactants were found to build hydrophobic organic coatings on sand surfaces after
repeated applications, eventually establishing water repellency even in originally wettable
sands. The reported increase in the POC content of soil leachates from surfactant-treated soils
was considered as an indicator of the replacement of authentic organic coating of the sand
particles by the surfactant. In the latter study, although the treatments of ABP-based products
represented 1.3 times more organic carbon input quantitively, they were not found to induce
hydrophobicity in hydrophobic or non-hydrophobic soils. However, in another study, ABP-
based products were also reported to reduce microbial activity due to effectively removed
hydrophobic organic coatings of sand particles (Song et al., 2019). Supportively, a holistic
study on the influence of different wetting agents (organosilicone wetting agent; methyl ester
of rapeseed oil; mixture of methyl ester palmitic and oleic acids; isodecyl alcohol ethoxylate)
on water stable aggregates (WSA) was carried out by Kintl et al. (2022), reporting an average
decrease of 50% in WSA that was reported to be in significant positive correlation only with
soil organic carbon (SOC).

Studies focusing on both water and nutrient retention dynamics are rather limited; a
convenient example is presented by Chang et al. (2020), on the changes in the vegetated
lawns of St. Augustine grass (Stenotaphrum secundatum) under surfactant applications;
expectedly, the soil moisture content and turfgrass quality were found to increase while no
significant changes were observed in soil leachates with respect to ammonium nitrogen
(NH4™-N), nitrate nitrogen (NOs-N) and extractable phosphorus (P), or in the contents of
DOC and total organic carbon (TOC). However, there are some reliable studies on the plant
side of nutritional evaluations; Chaichi et al. (2017), for instance, reported improved nutrient
uptake for tomato plants under a single type of surfactant application. Banks et al. (2015), on
the other hand, tried three commercial surfactants (Activator 90, Agri-Dex, Thrust) and
reported a decrease in the uptake of only potassium (K) by Thrust in clay loam soils, while the
uptakes of K, phosphorus (P), calcium (Ca), sulfur (S), copper (Cu) and zinc (Zn) decreased
by 30% in soils treated with two other surfactants. Despite the contrary results on the
dynamics of fixation / release of nutrients in soils treated with surfactants, the removal of
some organic pollutants such as polycyclic aromatic hydrocarbons (PAH) was assisted with
the commercial surfactant Tween 80 (density: 1.064 g cm™; critical micelle concentration
(CMC): 0.012 mM), in order to ease the desorption (Yang et al., 2017; Li et al., 2019; Mirzaee
and Sartaj, 2022).

H2Flo (ICL-SF, Inc.) is another commercial soil surfactant that promises to improve irrigation
efficiency and water distribution in the root zone; the company indicates that the product has a
small organic share of so-called 'root activator' molecules and describes the product as a
mixture of active ingredients of the highest concentration (88%) on the market. The current
study builds its hypothesis on the results of a previous study, as the elaborative continuation;
previously, H2Flo applications had increased the residence time of water in the root zone and
decreased the unsaturated hydraulic conductivity of sandy non-hydrophobic soils irrigated
with the subsurface drip system. These expected changes were evaluated with the initial
findings on electrical conductivity (EC) and SOC, which had represented more homogeneous
distributions compared to control soils. Hereby, the current study tries to reveal the changes in
saturated hydraulic conductivity after applications of wetting agent, along with the changes in
the quantity and mobility of chemically fractionated OCF and extractable nutrients.
Magnesium (Mg), Ca, and K were analyzed for their susceptible nature against leaching and
agronomical importance, together with P; NH4"-N, NO3-N and their ratios were presented to

10
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gain insight into possible changes in the nitrification rate of the soils. Hot water-soluble
organic carbon (Chw), water-soluble organic carbon (Cw), and potassium permanganate
oxidizable organic carbon (POXC) were analyzed to investigate the possible changes in such
organic matter decomposition products under modified moisture conditions. One of the
fundamental objectives of the work was to determine whether well-defined chemical OCF’s
would tend to be easily leached to the subsoil with increased Ks, in surfactant treated soils, as
previously reported by other studies. Therefore, the current study is expected to greatly
contribute to our understanding of the dynamics of water / nutrients adsorption by soil mineral
particles under wetting agent applications along with their relationships with OCF’s, as one of
the first integrative field studies.

METHODS AND DATA (STUDY AREA)

Description of the Study Area and Soil Sampling

The experimental field with loamy sand soils (81.2% sand, 13.3% silt, 5.5% clay) was in
Benatky nad Jizerou district, in the Central Bohemian Region of the Czech Republic. The
altitude is 220 m above sea level and the WGS84 coordinates are 50.2782878N,
14.8392344E. This area has a warm climate with mild and dry winters, with a long-term mean
annual temperature of 8.4 °C and a mean annual precipitation of 560 mm year®. Some
descriptive parameters on the experimental soil are available in Table 1. The area is formed
in the alluvial plains of the Jizera River with varying soil types and high ratio of sand
particles; see the soil map in Fig. 1.

Table 1. Main Physicochemical Characteristics of Soils with Statistical Differences

Treatment pH Electrical conductivity = Organic

(uS em™) matter

(%)

After the second application of H2Flo

0-15cm H2Flo 5.22** 384.75 1.73
Control 4.67 492.75* 1.73

15-30 cm H2Flo 5.39* 266.5 1.66**
Control 5.04 301.5 1.40

Duncan’s test *: p < .05; **: p <.01,[Adapted from Almaz et al. (2019)]

Potatoes were planted on 1 April 2019, drip irrigation started on 1 June 2019. Organic
fertilization was applied in spring (10 t ha'), NPK fertilizer was applied before planting on 1
April and then on 28 April before canopy cover involvement, in total 180 kg N ha. H2Flo
was applied three times using subsurface driplines, 3 May, 3 June, and in the first week of
July, always 5 | diluted in 1000 | of water. Fungicides and insecticides began to be applied on
11 June repeatedly over an interval of 7-10 days. Disturbed soil samples were taken after the
second application of H2Flo (5 June 2019) from depths of 0-15 cm and 15-30 cm; sampling
scheme can be seen in Fig. 1.

11



Electronic book
Interdisciplinary Approach in Current Hydrological Research

Plot A: Control Plot B: H2Flo

Soil types
PRr

RGr
FLr
. PRK

120 m

@® Sensors

O Sampling point

245 m

Fig. 1. Sampling scheme and soil map of the study area (soil map was adjusted according to the
soil survey map produced by the Research Institute for Soil and Water Conservation), [Adapted
from Almaz et al. (2019)].

Analytical procedures

Ks was measured in undisturbed core rings (250 cm®) using a KSAT device (Decagon
Devices, Inc., Pullman, WA, USA) with three replications. The core rings were saturated and
placed in the KSAT device, then the fallling head method was used to simulate the saturated
flow; hydraulic conductivity was calculated using the Darcy equation (Eg. 1). The achieved
rates of Ks (cm d! in 20 °C) are logarithmically transformed before statistical evaluation:

Ks=(L-V)/(H—A-T) (1)
where:

L is the length of the sample, cm

V is the percolated volume of water, mi
H is the height of the water column, cm
A is the area of probe, cm?

T is the time, s

Concentrations of extractable Ca, K, Mg and P are determined in the extracts of Meclich 11l
solution (Meclich et al., 1984) and measurements were realised in atomic absorption
spectroscopy (AAS). NH4*-N and NOs-N concentrations were determined after 0.01 mol I1
CaCl; extraction according to ISO 14255 (1998). The Cw and Chw contents were determined
using the internal method of modified Korschens (Korschens, 1980). POXC was determined
according to the method of Weil et al. (2003), which is based on the observable colorimetric
difference at the wavelength of 540 nm in soil extracts of 0.2 M KMnOs. Statistical analyzes
were performed with STATISTICA 13 software (Statsoft, USA). One-way analysis of
variance (ANOVA) tests were performed to examine differences between treatments and soil
depths (Duncan’s test, the F test, or the Kruskal Wallis test).

RESULTS AND DISCUSSION

Ks and OCF’s

The Ks rates were found to decrease with H2Flo applications, and the decrease was much
more significant after the second H2Flo application (Fig. 2a). Both treated and control soils
presented decreasing rates with time; however, the difference between the mean Ks rates of

12
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the sampling periods was not significant. The results were consistent with the decrease in
unsaturated hydraulic conductivity values presented in the previous study (Almaz et al.,
2019), performing infiltration tests under laboratory conditions using treated and untreated
soils of the same locality. Numerous studies have reported similar findings on Ks over the
past two decades, especially in non-hydrophobic soils (Allred and Brown, 1994; Lee and
Cody, 2001; Mobbs et al., 2012; Bashir et al., 2018). Bashir et al. (2018) correlated the
decrease in Ks with delayed vertical movement and enhanced lateral spread of water and
surfactant.

| (B) |C-ws C-hws POXC !
! |
! |
! |
I (A) i
| 38 | Term: 1 log K. F(1,5) = 4.5157, p = 0.0870 - |
| Term: 2 log K F(1,5)=15.937, p = 0.0104 = | =) | I
-~ o !
36 % Slo r=343 r= 509 r=-852"
! |
' 34118 !
I 34 . I
4 ~
! 3.2 2 8 ,— apar |~ anos T _
T 3.138 &S or=.763 r=.822 r=-494 |,
I 3.1155 |
20 44 s 9 -
| 29&- . 29449 C 5
\'\; I ..I_ .
I 28} \\ 5 o !
g s S
l< N g 5!
| 26} N s = |
o . o @ -
- o™~
| 24 \ f_: _f:J I
| 2.2 K g % !
| _ gz g |
I 21123 g S |
20} %‘ o |
| ‘BE
I 13 E 2l
| Control H2FLO < <
I
=

Fig. 2. (A) Changes in K; rates (log-transformed values for cm d) of top soils according to the
treatments with F-test evaluation; (B) Pearson correlation coefficients of Ks and OCF in the
scatterplots and histograms, *: p < .05; the inner whisker values were tagged to define the range
of changes; whiskers represent mean+2*standard deviation.

POXC and Chw fractions are known for their significant positive relationships with WSA,
water retention capacity, and bulk density of arable soils (Bongiorno et al., 2019), as well as
extractable nutrients such as N, P, and sulfur (S) (Verma et al., 2010). Unsaturated hydraulic
conductivity and mean weight diameter of aggregates were also associated with increases in
POXC by negative and positive correlations, respectively (Blair et al., 2006). When it comes
to Ks, the current literature does not provide an example to elaborate on, mainly because of
the design of the studies, including the unsaturated hydraulic conductivity along with the
carbon fractions. However, our findings suggest strong correlative relationships between
organic carbon fractions and Ks, as shown in Fig. 2b. When the data set was grouped by the

13
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treatment, it was evident that the related correlations were stronger and more significant in the
H2Flo treated soils; Ks were in positive correlation with Cw and Cnw, while POXC was in
negative correlation. These findings may be a detailed support for the studies mentioned
above, indicating that a small share of the increase in water-soluble carbon fractions can
induce higher conductivity. However, POXC, as an indicator of the entire labile carbon pool
consisting of various hydrophobic and hydrophilic substances (Duval et al., 2018), was in an
opposite relationship to Ks.

The observed correlations were particularly important to indicate the importance of small
changes, as the observed differences between treatments were not significant for Cw and Chw;
however, the POXC content was significantly lower in top-soils of control treatment, with
higher standard error (Fig. 3).

1 1
; 600 i
; 0 Cw i
1 O Chw :
; 0o POXC ;
; 500 1
i A i
i i 1 i
; 400 t 1;
i E i
P 9 ;
. = 1
= T !
1 E 300 I
i P ;
i i
i i
| = 3 ‘ L] |
1 1
1 1
; 100 - ik
i _ i |
! B i
1 - 1
i U . -
i Control H2Flo Control H2Flo !
. 0-15 em 15-30 cm !

Fig. 3. Changes in organic carbon fractions depending on the treatment and sampling depth
(significant statistical differences between treatments of the same sampling depth are
represented with capital letters); whiskers represent mean+SE.

The nearly mutual increase in both depths of the soil profile indicates that this could be the
result of significantly different degradation conditions (increased moisture, decreased
temperature, and matric potential) previously documented (Almaz et al., 2019), with a small
share of organic input mentioned above by the H2Flo treatment itself, sourced from the
organic root activator molecules available in the chemical composition of the product.
Unfortunately, the exact amount of these organic molecules is unknown, while the
approximations based on the treatment dose of 5 | of H2Flo ha™ could only indicate that the
cumulative input of the H2Flo treatment is far from the capacity to be a cause of the observed
increase. Furthermore, the previously reported significant increase in total organic matter
content of treated soils (in 15-30 cm, see Table 1 in Section Materials and Methods) may
confirm that a fraction of POXC might have the largest support in the observed increase.

14
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No significant differences were observed between soil depths in terms of OCF concentrations;
however, it can be said that all OCF’s showed a slight decrease by depth in control treatment,
but a slight increase in H2Flo treated soils.

Extractable Macronutrients

Extractable Ca, K and Mg concentrations were clearly higher in H2Flo treated top-soils (Fig.
4). Ca and Mg were higher in the treated soils also at the depths of 15-30 cm, however, K
concentrations were not significantly different at this depth. The reason behind this is the only
depth-based difference in nutrient concentrations observed in control soils, revealing
significantly higher concentrations in 15-30 cm (p < .05), compared to the top-soil.

800

700

600

500 ¢

mg kg’

400

300

Ca(l)
B K(R)
B Mo(R)

200

Control H2FLO Control H2FLO

0-15cm 15-30 cm

Fig. 4. Changes in extractable Ca, K and Mg concentrations depending on treatment and soil
depth (significant statistical differences between treatments of the same sampling depth were
represented in capital letters; differences between the sampling depth of nutrients were
represented in lowercase letters on the related columns; p < 0.05); whiskers represent
mean+2*standard deviation.

In the recent and one of the rare studies on the topic, Ogunmokun and Wallach (2021) applied
increasing doses (5, 10 and 20 g I!) of a commercial nonionic surfactant blend (Aquatrols) to
a grapefruit grown sandy loam soil, together with treated wastewater. Expectedly, soil
moisture content and saturation degree was found to be increased, while it was reported that
the surfactant treatments may cause in significantly lower extractable K and exchangeable
Ca+Mg in depths of 0-20 and 20-40 cm of the soil. These drops also reflected on the
decreased electrical conductivity values of the soils. However, it should be taken into account
that the researchers received a higher yield outcome from the treated soils compared to the
untreated soils, which might lead a relative decrease in the observed concentrations due to the
increased nutrient uptake by plants. Contrary findings may confirm the implications of the
previously mentioned work of Banks et al. (2015), which had underlined the product-specific
influences of wetting agents on the nutrient availability of soils.

The increase in extractable nutrients may also be related to the previous findings of Almaz et
al. (2019) on pH values; the treated soils showed a significant and considerable increase in
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both depths (from 4.67 to 5.22 in 0-15 cm, from 5.04 to 5.39 in 15-30 cm), which could
improve the availability of nutrients. Considering that EC values were also reported to be
decreased by the treatments, the supporting share of the pH increase in the observed higher
concentrations should be critical. As an additional factor, Chw concentrations were found to
have a strong correlation with Mg concentrations in H2Flo treated soils (r = .773, p = .025);
control soils did not have such relationships between OCF and extractable cations.

N sources and Meclich-P

NH4*-N was found to be considerably decreased in both soil depths following the H2Flo
applications, and NO3™-N was proportionally increased (Fig. 5), indicating induced conditions
of nitrification. Therefore, the most significant difference between treatments was observed in
the ratio of these N sources (p = .03 in the nonparametric Kruskal Wallis test; p = .08 in F-
test).
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Fig. 5. Changes in nitrogen sources, nitrogen source ratio, and extractable Meclich-P, depending
on the treatment and the sampling depth (differences between the sampling depths were
represented with low-case letters on the related columns; p < 0.05).

The results of Chang et al. (2020) on N sources were consistent with the low significance of
the present results; however, Ogunmokun and Wallach (2021) reported significant decreases
in total N at different depths of soils. Although the changes were found to be small in the
current study, the POXC values that were significantly higher in the treated soils had a strong
negative correlation with NH4*-N in the control soils (r = -.983, p = .017), while it had a
strong positive correlation with NO3™-N / NH4*-N in the treated soils, at depths of 15-30 cm (r
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= .993, p = .007). The performed principal component analysis (PCA) indicated that the
changes in nitrogen sources were the most important contributors to the first component
which explains 37.5% of the total variance, along with Ca concentrations (Fig. 6a). The
observed vegetative growth of potato plants may also suggest a NOz-N rich uptake
mechanism, due to the vigorous growth of aboveground biomass compared to the control soils

(Fig. 6b).
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Fig. 6. (a) Scree-plotted eigenvalues of the extracted principal components with the percent
contributions of the factors, PC: principal component; (b) observed vegetative growth of potato
plants in treated and control soils — photography by Mihalikova, M (DWR, CULS Prague).

There were no significant differences between treatments or depths in terms of extractable P
concentrations. However, they were slightly lower in treated soils (Fig. 5). The findings were
consistent with the results of Ogunmokun and Wallach (2021), as well as the results of Chang
et al. (2020), and it should be noted that the latter study only investigated the top soils.
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CONCLUSIONS

H2Flo applications were influential on a wide set of soil characteristics, modifying the
physical, chemical, and possibly biological characteristics of the soil. The saturated hydraulic
conductivity was found to decrease with time and H2Flo treatment; the initial mean K; rate of
the control soils decreased to 195 cm d* from the mean Ks rate of 1821 cm d? after the
second application of H2Flo. These crucially modified hydraulic conductivity rates were in
positive correlation with Cw and Chw, While in negative correlation with POXC values that
were significantly higher in treated soils. This change, which may require a re-evaluation of
the routine duration of irrigation, may also have resulted in a decrease in potassium mobility
compared to control soils, which contain significantly more potassium in the subsoil.

The extractable concentrations of Ca, Mg and K were positively influenced by the H2Flo
treatment in the top and subsoils; These findings should be in partial relation to the slightly
increased pH of the treated soils. These soils also represented higher concentrations of NO3™-
N and lower concentrations of NH4*-N compared to the control, similar to the favorably
induced conditions of nitrification. The related parameters had a strong linear relationship
with the POXC concentrations.

However, appropriate precautions should be taken in the event of repeated applications,
considering the pattern drawn by the trend of a temporal decrease in Ks and the positive
correlations observed between Ks and soluble OCF’s in the top soil. These findings may be
consistent with the main implication of the current literature mentioned above, in terms of
increased leaching of soluble OCF’s after repeated applications of wetting agent, associated
with the re-hydrophobicity of the soils.
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ABSTRACT

The energy crisis, COVID pandemic and the war fastened the process of finding alternative,
cheaper and most effective ways for food production. Permaculture farms were found to be the
areas where the most food can be produced on a unit area. One of the reasons is the basic
philosophy of this farming system that includes not only the use but excessive use of organic
fertilizers and organic matter (such as mulch) in general. This “extra” organic matter means better
surface cover that also leads to less evaporation, compared to an intensive farm with bare soil
surface and also, a better water holding capacity. In the recent paper soil moisture content data is
provided to better understand the overall situation, and also, the deviation of the soil moisture
content of the upper 5 cm of the materials used for food production. The smallest soil moisture
content was 15.4%, the highest was 33.6%. Two samples were collected from a “cold frame”
where the crops were under irrigation. These data could be used for comparison of open-air plots
but there were similarities. Soil organic matter and clay contents were also used as a possible
explanatory factor of the soil moisture content deviation.

Keywords: water holding, water retention, horticulture, sustainable agriculture

INTRODUCTION

While the Earth’s population keeps growing, the availability of natural resources keeps
decreasing. Future planning started to deal with recent issues, such as achieving zero emission
for decreasing the effects of climate change, etc. Still, resources are used too fast, a
reorganization of our crop production is at the gate. Intensive agriculture is proposed
everywhere, announcing that this is the form of agriculture where the biggest yield can be
achieved on a unit area. However, calculations were made and permaculture was found to be
better. Besides being better, it is also important that permaculture can be practiced at home,
even if people have only a few square meters of a garden or inner yard, or only a terrace on
the seventh floor. The road towards reaching self-sufficiency is important, even if there is
little or no chance to fully realize it, for multiple reason. On the one hand, people are far away
from nature, the majority of knowledge related to natural processes, including food
production is lost. On the other hand, the percentage of lost food is tremendous, so people
should take part in the process of food production, even if this part is very little, so they can
value the food much better. This way the amount of waste could be reduced. On the third
hand, planning a diverse garden with vegetables and combining it with some animal
husbandry (any poultry or rabbits, etc.) can further decrease the amount of waste at home in
general, and the amount of organic waste also.

In the recent study a permaculture farm is analysed in Hungary. There is some soil related
data published from various parts of the world (Pulleman et al., 2003; Hathaway, 2015;
Tombeaur et al 2018) but we have to admit that thorough investigations are still missing, so
any related data can be valuable and add information to help understanding the processes on a
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permaculture farm. On the other hand, since the products are considered healthy and better
than those produced on the intensive farms with excess fertilizer and pesticide use, it is of
high importance to provide information on the soils that are the very core of the vegetable
production. In the recent study the soil moisture deviation is examined on a small-scale farm
in a municipality area. Soil moisture is crucial for horticultural production. 2022 was an
extremely dry year, so the importance is even more highlighted. Besides, horticultural
production needs irrigation, and this also raises the question of the ecological footprint of
such productions/farming type.

METHODS AND DATA

Soil analyses

Soil samples were taken from 12 plots, based on local knowledge and also, on local interest in
the examination of the farm. Two samples were taken from underneath of a greenhouse
(plastic tunnel with irrigation). The upper 10 centimeters were examined. The soils were
analysed by using the NIR (Near InfraRed) device (Figure 1.) of the Soil cares/Agrocares
Company and its mobile application.

Y

Fig. 1. The Near Infrared (NIR) AgroCares Scanner in use (1300-2600 nm). The scanner has one
button for switch on and off and for starting the scanning process. There is also a reset option on
the side of the device. A white and a yellow puck is used for calibration. There is a brush for
cleaning the scanner surface.

The data is automatically transferred to the Netherlands, evaluation is done in the center of the
company and results arrive to the users’ mobile application, so the evaluated data can be seen
and used immediately. The original database can be downloaded from the server of
AgroCares, and the excel can be the basis of further analyses.

A short description of the analysed farm
The study area is in Kospallag, Hungary. Kospallag is situated in the heart of the Borzsony
Mountain (Figure 2).
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Fig. 2. The situation of the examined horticultural permaculture farm in Hungary and the
location of the sampling points.

It can be characterized by brown forest soils whose clay content is normally high. This high
clay content makes the infiltration of the water difficult, so hand tools are used for loosening
the soil. On the other hand, a lot of organic matter, straw, organic manure, etc. are used for
improving the upper layer of the soil for the main purpose which is horticultural production.
Some crops, e.g. potato is growing in this, artificially created growing medium that also raises
some questions related to the technology (e.g. filling up the plants’ stems is difficult or not
possible).

The area is sloping, from northeast to southwest (so from the upper right corner to the lower
left corner). Sampling started at the bottom of the slope and finished in the upper third of the
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slope. The farm has small plots that is favorable from the point of view of protection against
soil erosion (Figure 3).

D e e, G W,
Fig. 3. The location of the plots on the horticultural permaculture farm, Kospallag Hungary
(Photo: Gabor Lévai, 2022).

The farm is also surrounded by some forested area to the north-north-west and a tree line can
also be found at the east-south-east edge of the plots. The forested part also required of
building a fence to avoid the entrance of wildlife that could cause damage in the crops.

RESULTS AND DISCUSSION

The soil moisture content (m/m %) was reaching a minimum of 15.4% in Sample No. 1. that
is situated at the lowest part of the farm, also close to the trees and some grassy area. The
highest soil moisture content (m/m %) was 33.6%, measured in one of the polytunnel (Table
1).

Numerous parameters were measured with the NIR device but only those that might affect the
soil moisture content or interrelation between the parameter and the soil moisture can be
assumed, are published here (Table 1.). These parameters are the pH (H20), soil organic
matter and the clay content.
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Table 2. The measured soil parameters with the Near Infrared (NIR) device, Kospallag,

Hungary (24" of August 2022)

Soil Clay Soil
Crop Name Field Name | pH (H20) | Organic content | moisture
Matter | (m/m %) | (m/m %)
empty bed, pea was previous crop | kpallagl 6.8 2.3% 21 % 15.4 %
potato kpallag2 6.7 3.5% 21 % 17.1%
cucumber (after sweet pea) kpallag3 7.0 5.1% 21 % 33.6 %
cucumber kpallag4 6.9 5.4 % 16 % 32.5%
carrot kpallag5 7.4 6.5 % 18 % 31.6 %
sorrel kpallag6 6.9 2.6 % 18 % 24.4 %
potato kpallag7 6.9 6.6 % 20 % 27.2 %
leek kpallag8 6.9 2.4 % 17 % 28.4 %
beetroot kpallag9 7.3 3.6 % 17 % 29.8 %
aubergine kpallag10 7.0 17.7 % 17 % 31.2%
tomato kpallagll 7.5 5.2 % 24 % 26 %
compost kpallagl2 7.7 12 % 19 % 23 %

For a better understanding of the trend between the sampling sites, we present Figure 4 where
the sampling sites are in the order of their magnitude, staring from the smallest and ends with
the highest soil moisture content. The magnitude of the R?-values shows the strength of the
trends, in this case towards the higher soil moisture content (Figure 4).
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Fig. 4. The magnitude of the pH (H20), Soil Organic Matter, clay content and soil moisture in

the order of the soil moisture, and the trendlines with the R? values.

The only parameter that seems increasing (as its R? value is 0.9194 between the sites is the
soil moisture content. The other parameters (pH, clay and SOM) do not seem to change along
the soil moisture, at least their R? values are quite small. The best R2 value belongs to the clay
content however, it is a decreasing trend.
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CONCLUSIONS

There are obvious differences between the soil moisture content of the examined sampling
points and we could find an increasing trend but this trend is only occurring in case of the soil
moisture content. This can be due to the soil type that is very similar all over the farm, has a
high clay content, high compactness and thus, little infiltration capacity.
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ABSTRACT

Anthropogenic disturbance of geological structures has recorded a considerable extent in Slovakia
in recent decades. The reason was the need for mining sources for the national economy. One of
the essential was also brown coal, which was mined in the Upper Nitra coal basin area in the
district of Prievidza (Slovakia). Brown coal was mined around the town of Handlova, the village
of Kos, and the villages of Cigel’ and Sebedrazie. Cigel’ coal mine (near the village of Cigel’ and
Sebedrazie) caused several geological defects, which have the character of large cracks and local
landslides, which disrupt the hydrogeological conditions, resulting in significant impacts on soil
water regime stability of forest ecosystems growing in such a damaged area. This paper aims to
point out the variability and dynamics of soil water potential at the mining-damaged locality
(Rackov laz) and intact reference area (Certove chodniky) during the period 2020-2022. The
results showed that mining activity probably significantly impacts the soil water regime and thus
the ecological stability of forest ecosystems.

Keywords: soil water potential, anthropogenic disturbance, forest ecosystems, water regime,
undermining, ecological stability

UvVoD

Antropogénne naruSenie geologickych Struktir zaznamenavalo v minulych desatrociach na
Slovensku znaény rozsah (Halmo et al. 2010). Dovodom bola logick4 potreba dobyvania a
ziskavania nerastnych surovin pre narodné hospodarstvo. Jednym z najdolezitejSich
nerastnych surovin bolo aj hnedé uhlie, ktoré sa v najva¢sej miere dobyvalo hlbinnym, ale aj
povrchovym sposobom v oblasti Hornonitrianske; uholnej panvy v okrese Prievidza.
Hlbinnym spdsobom sa dobyvalo hnedé¢ uhlie najma v okoli mesta Handlova, obce Kos, a
obce Cigel a Sebedrazie. Prave v bezprostrednej blizkosti poslednej spomenutej obce sa
nachddza bana Cigel, ktorej ¢innost’ sposobila mnoZstvo geologickych portch, ktoré maju
charakter rozsiahlych trhlin, miestnych zosuvov a prepadov, ktoré narusuju geologické
kontinuum, poskodzuju hydrogeologické pomery tzemia (Kucera et Novotna 2015), ¢o moze
mat’ za nasledok zdsadné dopady na vodny rezim pddy a tym aj ekologicku stabilitu lesnych
ekosystémov rasttcich v takto poskodenom uzemi v pripade vyskytu epizéd sucha (Vido et
Nalevankova. 2021). Z dbévodu potreby zistenia moznych dopadov vysSie uvedenych
antropogénnych destrukénych faktorov na edifikdtor miestnych ekosystémov - bukové
porasty, boli v dopredu vytypovanej lokalite poskodenej poddolovanim nainstalované senzory
pddneho vodného potencialu s dataloggerom (EMS SP3 so seznromi GB1, EMS Brno, Czech
republic). Na tejto lokalite vznikla nasledkom tazby v sedemdesiatych rokoch terénna
depresia, priehlben s viacerymi trhlinami v bezprostrednom okoli. Téato lokalita s miestnym
nazvom Rackov laz sa nachadza na uzemi Horského komposesoratu Prievidza, pozemkového
spoloCenstva. Lokalizovana je severovychodne od obce Cigel. Z dovodu potreby porovnania
vodného rezimu resp. rezimu pddneho vodného potencidlu na banskou c¢innostou
neposkodenej lokalite, bola ako referencnd plocha vybrana lokalita s miestnym ndzvom
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Certove chodniky, nachadzajiica sa juhovychodne od obce Kamenec pod Vta¢énikom. Cielom
uvedeného prispevku je poukdzat’ na variabilitu a dynamiku pddneho vodného potencidlu na
banskou ¢innostou poskodenej lokalite (Ratkov laz) a intaktnej referenénej ploche (Certove
chodniky) na vysledkoch merani v obdobi rokov 2020, 2021 a 2022. A tym poukazat’ na
banska cCinnost’ ako antropogénny disturbany faktor potencialne znizujuci ekologicku
stabilitu lesnych ekosystémov prostrednictvom zvysenia stresového faktora sucha.

METODIKA

Zalozeny experiment pozostdva z kontinudlneho sledovania a zaznamendvania podneho
vodného potencialu v hibke 30 cm. V tejto hibke sa podla predbezného pddneho prieskumu
identifikovala hlavnad zéna prekorenenia. Za tymto ucelom boli aplikované senzory pddneho
vodného potencidlu od vyrobcu Delmhorst (U.S.A) s typovym oznaénnim GB 1, merajucim
potencidl do maximalneho tlaku -15 barov. Tieto boli pripojené k dataloggerom SP3 vyrobcu
Environmental Measuring Systems s.r.o. (Brno, Czech republic), ktory je vybaveny taktiez
integrovanym senzorom pre meranie teploty prostredia. Z uvedené¢ho dévodu bol datalogger
osadeny do pddy do hibky 5 cm a zabezpetoval okrem kontinualneho zaznamu hodnot
vodného potencidlu aj meranie teploty podneho prostredia. Zariadenie je zhotovené z
odolnych nekorozivnych materidlov so celkovym stupiiom krytia IP 68, o zabezpecuje jeho
spolahlivi prevadzku aj v podmienkach uplného zakopania do pddneho prostredia. Kazdy
datalogger je vybaveny troma senzormi GB 1, takZe je zabezpefené opakovanie merani v
troch meracich bodoch. Hodnoty pddneho potencialu boli vyhodnotené ako priemerna
hodnota tidajov nameranych jednotlivymi senzormi pripojenymi k dataloggeru.

Atmosférické zrazky boli merané na vol'nej ploche v lokalite rekreaéného strediska Pust’ -
Prievidza, rovnako ako teplota vzduchu. Tieto merania boli realizované prostrednictvom
automatickej meteorologickej stanice s kontinualnym prenosom udajov prostrednictvom siete
IoT (RainSet 02, Environmental Measuring Systems s.r.0., Brno, Czech republic).

Vsetky merané tdaje o poveternostnych podmienkach ako aj hodnoty pddneho vodného
potencidlu boli spracované a pouZité ako denné priemery s vynimkou atmosférickych zrazok,
ktoré boli vyhodnotené ako denné Gthrny.

CHARAKTERISTIKA UZEMIA

Studijné plochy su situované v severozapadnej Casti orografického celku Vtacnik v okrese
Prievidza. Banskou ¢innost'ou poskodend lokalita Rackov laz (619 m n.m.) je lokalizovand v
oblasti banskych aktivit dnes uz uzavretej bane Cigel v taZobnej oblasti handlovského
uhol'ného loziska (Obr. 1). Priciny a dévody hydrogeologickych poskodeni v tejto lokalite,
mozno definovat nasledovne. Geologickd stavba tzemia (Obr. 2) znazoriiuje, ze na
mechanicky mikkych a plastickych ilovcoch, prachovcoch a zlepencoch lezia polohy
rigidnych andezitov a tufov, v dosledku ¢oho doslo k rozlamaniu celého pohoria Vtacnik na
systém blokovych poli, ktorych pohyb bol néasledne akcelerovany aj procesmi podpovrchovej
tazby Bane Cigel’ handlovského uhoI'ného loziska (Halmo et al. 2010). Zaujmové Gzemie v
oblasti lokality Rackov laz je tak porusené viacerymi tektonickymi poruchami poklesového
charakteru so zloZitym systémom priekopovych prepadlin a hrasti.
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Vysvetlivky (Legend):

@  vyverova oblast - ochr. psmo |. stupfia
(discharge area — protection zone |. st level)
O  akumul-tranzitnd oblast ~ ochr. pasmo Il. st.
(accumulation-transition area
—protection zone Il. nd fevel)
A infitratna oblast — ochr. pasmo |ll. st.
(infiltration area — protection zone li. rd level)
" . hranica novéckeho loZiska
(boundary of Novéky deposit)
*~ hranica handlovského loZiska

NN

(boundary of Handlové deposit)
T T linie tektonickych ziomov
(faults)
> hranica 11.T0
{boundary of 11th mining section)
6,7,8,... hranice tazobnych tsekov
(boundaries of the mining sections)
BM,BL BML historické oznatenie taZobnych dsekov
(historical marks of the mining sections)

Obr. 1. Situa¢na mapa oblasti Novackej a Handlovskej uhol’nej panvy (Zdroj: Halmo et al.
2010). Cervenym ter¢ikom s &islicou 1 oznacena lokalizacia poddolovanej vyskumnej lokality
Rackov laz a zelenym tercikom s €islicou 2 oznacena lokalizacia referen¢nej vykumnej lokality
Certove chodniky.
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122
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800
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400

200

Obr. 2. Geologicky rez pohorim Vtaé¢nik (Zdroj: Halmo et al. 2010). Vysvetlivky: (1) uholné
sloje, (2) ilovce a prachovce Badenského veku, (3) Strky (Sarmatského veku), 4) andezity,
aglomeratové tufy (Sarmatského veku), (5) blokové rifty, blokové polia, (6) zosuvy.

Antropogénne naruSenie geoekosystému (krajiny) prebiehalo v oblasti lokality Rackov laz v
istej postupnosti a nadvédznosti. Najskor dochadzalo k odtazeniu Casti geologického podlozia
(odtazenie uhol'ného sloja). Nasledne sa po zavaleni zosunulo nadlozie do prazdneho
vytazeného priestoru a dochadzalo k posuvaniu jeho jednotlivych vrstiev, zmene jeho hustoty
a naruSeniu kontinuity. Vo svahu boli dosledky tazby podstatne vyraznejSie ako na rovine
(Obr. 3). Nasledovali zmeny hydrického rezimu na povrchu (zmeny odtokovych pomerov,
rieénych sieti) a zmeny hydrického prostredia pod zemskym povrchom. Uzemie musi byt pri
tazbe kompletne odvodnené a procesy, ktorymi sa odvodnenie dosiahne, mozu byt docasné,
ale aj trvalé, a m6zu tak mat’ SirSie dosledky na okolité ekosystémy. So zmenami a narusSenim
geologického prostredia nadlozia totiz suvisia aj mozné a pravdepodobné zmeny a naruSenie
vodnych kolektorov podzemnej vody, ktoré mézu mat’ désledky na SirSom uzemi (Kucera et
Novotna, 2015).
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1. Pred t'azbou (Before mining)
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Obr. 3. Schematicky rez terénom v pripade hlbinnej t’aZby zavalom vo svaZitom teréne
(ilustracia: Vido J.).

Ukéazka ploSného priemetu banskej hlbinnej tazby hnedého uhlia v okoli lokality Rackov laz
do mapy zobrazujlicej zmapované rozsialhle trhliny a zosuvy na povrchu terénu je znazornené
v obrazku €. 4. Tmavé polia v obrazku zobrazuji vytazené¢ hnedouhol'né polia. Oranzové linie
zobrazuju rozsiahle trhliny na povrchu terénu, plo§né Srafované plochy reprezentuju zosuvy a
Cerveny terCik zobrazuje lokalizaciu vyskumnej plochy Rackov laz v ramci banskou
¢innost'ou postihnutej oblasti.

Na zéklade uvedenych skuto¢nosti bola ako referen¢nd, banskou ¢innostou nepoSkodena
lokalita vybratd oblast’ vychodne od obce Kamenec pod Vticnikom s miestnym nazvom
Certove chodniky (590 m n.m.). Tato lezi vo vzdialenosti 15 km od banskou &innostou
postihnutej oblasti. Obe lokality st z hladiska geologického podlozia resp. podneho
prostredia identické (kambizeme na pyroxenickych a amfibolicko-pyroxenickych andezitoch)
s rovnakou juznou resp. juho-zapadnou expoziciou. Obe patria do bukového lesného
vegetacného stupiia a do klimatického okrsku M6 (mierne teply, vlhky, vrchovinovy) podla
Bochnicek et al. (2015).
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Obr. 4. Povrchovy priemet vytazenych hnedouhol’'nych lozisk Bane Cigel’ so zobrazenim
lokalizacie vyskumnej plochy Ra¢kov laz. OranZové linie zobrazuju rozsiahle povrchové trhliny,
§rafované plochy reprezentuju v zosuvy pddy aktivované banskou ¢innost'ou. Cerveny ter¢ik je
lokalita s in$talovanymi mera¢mi pddneho potencialu SP3. Udaje o plosnom priemete boli
ziskané od HBP Prievidza a.s., ostatné podkladové zdrojové tidaje boli ziskané z UGKK SR a
spracované prostrednictom systému QGIS.

VYSLEDKY A DISKUSIA

POVETERNOSTNE PODMIENKY V SLEDOVANOM OBDOBI

Poveternostné podmienky prostredia sme sledovali kontinualne v celom sledovanom obdobi
od 21.5.2020 do 22.9.2022. V uvedenom obdobi bola najvyssia priemerna teplota vzduchu
namerana dna 20.7.2022, naopak najnizSia priemerna denna teplota vzduchu bola namerana
dna 12.2.2021. Priebeh poveternostnych podmienok podl'a merani meteorologickej stanice RS
Pust-Prievidza (350 m n.m.) uvadzame na obrdzku ¢. 5.
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Obr. 5. Zobrazenie dynamiky priemernej dennej teploty vzduchu a denného ihrnu zrazok na
stanici v lokalite RS-Pust’ Prievidza v obdobi od 21.5.2020 do 22.9.2022.
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V roku 2020 boli najvyssie denné zrazkové namerané dna 4.10.2020 (51,2 mm). Druhy
najvyssi denny uhrn bol zaznamenany 14.10.2020 (36,2 mm) a treti najvyssi 13.10.2020 (36
mm). Mozno konStatovat’, Ze zrazkovo najvydatnejSie obdobie bolo zaznamenané v roku 2020
od 10.10 do 19.10. s thrnom 135,2 mm, zatial’ ¢o za takmer celé vegetacné obdobie od 1.6 do
30.9. bol celkovy tthrn 269,4 mm. Najdlhsim suvislym bezzrazkovym bolo obdobie od 8.9.-
23.9.2020 (15 dni). AvSak velmi suchym obdobim bolo aj obdobie od 12.11.2020 do
21.12.2020 kedy bolo toto Styridsat’ diiové obdobie prerusené iba troma dni so zrazkami od 1
do 3,2 mm. Z pohladu teplotného bolo vegetacné obdobie roku 2020 zo vSetkych
sledovanych priemerne najchladnejsSie. Treba poznamenat’, ze najchladnejSie mesiace (januar
a februar) neboli odsledované, nakol'’ko doslo k inStalacii meracich zariadeni az 21.5.2020.
Priemerna denna teplota v obdobi od 1.6. do 30.9.2020 bola 17,9 °C, absolitne maximum
bolo zaznamenané 7.8.2020 (28,7°C), absolitne minimum pripadalo na 27.12.2020 (-7,8°C).
Rok 2021 je charakteristicky dvoma vyraznymi obdobiami zrdzok v jarnom obdobi (8.5.-
21.5.) s thrnom 96,8 mm a letnom obdobi (21.7.-5.8.) s thrnom 109,4 mm a dvoma suchymi
epizdédami. Prvé v predjarnom obdobi od 16.2. do 30.4. (79 dni s thrnom 52,6 mm) a jesenna
epizdda sucha v trvani 70 dni (od 15.9. do 20.11) s celkovym thrnom 31,8 mm. Zrazkovo
bolo obdobie od 1.6.2021 do 30.9.2021 lepSie zasobené (280,8 mm) v porovnani s rovnakym
obdobim v roku 2020 (269,4 mm), avSak je potrebné zvyraznit’ horSiu ¢asovu distribliciu v
suvislosti s vys$Sie uvedenym jarnym resp. jesennym suchym obdobim.

Z teplotného hl'adiska bol rok 2021 oproti predchadzajucemu roku teplejsi, pricom priemerna
denna teplota vzduchu v obdobi od 1.6. do 30.9. bola 18,2 °C (+0,4° oproti roku 2020).
Prejavilo sa to aj na vyrazne vys$ej nameranej absolutnej teplote vzduchu (35°C - 24.6.2021).
Absolitne minimum bolo zaznamenané diia 23.12.2021 (-9,6°C).

Rok 2022 bol zraZkovo v obdobi od 1.6. do 30.9. najlepSie zasobeny spomedzi hodnotenych
rokov (295,5 mm). Avsak je potrebné v tejto suvislosti poznamenat’ viacero skutocnosti. V
prvom rade to bol vyskyt vel'mi dlhd letna epizdda sucha (55 dni) v obdobi od 1.6. do 25.7. s
vel'mi nizkym thrnom zraZok (44,2 mm). V druhom rade je potrebné zvyraznit, ze tento
vel'mi nizky Ghrn zrazok sa vyskytol v obdobi s najvyssimi teplotami vzduchu (dve viny
hortcav vrcholiace priemernou dennou teplotou 26,7°C - 30.6. a 26,8°C - 22.7. a absolutne
najvysSou nameranou teplotou na trovni 36,5°C dna 21.7. Evaporacné poziadavky atmostéry
tak nedokazali byt saturované vyssie popisanym minimalnym thrnom zrazok pocas prakticky
polovice letného obdobia. K vyraznejSiemu uvol'neniu sucha doslo az od 16.8, kedy nasttpilo
obdobie zrazok (trvajuce az do konca hodnoteného obdobia (30.9.), ktoré doplnili
meteorologicky deficit a posunuli hodnotenie roka 2022 z pohl'adu zrdzkového paradoxne na
najlepSiu Groveit spomedzi hodnotenych rokov. Mozeme vSak konStatovat, Ze pri
komplexnom pohlade bol rok 2022 prave naopak najsuch$im, ak hodnotime kumulativny
efekt teploty vzduchu a zrazok. To sa prejavilo aj na priebehu a dynamike péodneho vodného
potencidlu ¢o uvedieme v d’alSej kapitole.

V tabul’ke 1 uvadzame sumarne hodnotenie dynamiky poveternosti v sledovanych rokoch.

DYNAMIKA PODNEHO VODNEHO POTENCIALU

Priebeh a charakter poveternostnych podmienok sa v sledovanych rokoch prejavoval zasadne
odliSne na lokalite poSkodenej banskou Cinnostou a na referencnej lokalite. Pri celkovom
pohl'ade na priebeh pddneho vodného potencidlu v priebehu vsetkych troch sledovanych
rokov, je zrejma skutoCnost, Ze existuju velmi vyrazné rozdiely medzi priebehom a
dynamikou vodného potencidlu medzi poskodenou (poddolovanou) a referencnou plochou.
Nazorny pohl'ad na variabilitu priebehu vodného potencialu poskytuje obrazok ¢. 6.
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Tabul’ka 1. Vybrané ukazovatele meteorologickych podmienok v sledovanych rokoch 2020 az
2022 na zaklade merani meteorologickej stanice na lokalite RS-Pust’ Prievidza

2020

Zrazky datum [mm] Teplota vzduchu datum [°C]
ahrn 1.6-30.9.2020 269,4 absolutne min.* 27.12.2020 -7,8
max 4.10.2020 51,2 absolutne max. 7.8.2020 28,7
najdinsie bezzrizkove ¢ 5 592020 15 dni priememna teplota 1.6.-30.9.2020 17,9
obdobie
2021

Zrazky datum [mm] Teplota vzduchu datum [°C]
uhrn 1.6-30.9.2021 280,8 absolutne min. 23.12.2021 -9,6
max 13.5.2021 36,4 absolutne max. 24.6.2021 35
najdinsie bezzrdzkove 5 10 28102021 16 dni priemerné teplota  1.6.-30.9.2021 18,2
obdobie
2022

Zrazky datum [mm] Teplota vzduchu datum [°C]
uhrn 1.6-30.9.2022 295,5 absolatne min. 24.1.2022 -11,7
max 18.8.2022 39 absolutne max. 21.7.2022 36,5
najdinsie bezzrizkove o, 5 1132002 20dni priemerna teplota  1.6.-30.9.2021 18,4

obdobie
* rok 2020 meranie az od 21.5.2020
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Obr. 6. Rozdielna dynamika pddneho vodného potencialu v priebehu sledovanych rokov (2020
a7 2022) na poddolovanej (Rackov laz) a referenénej ploche (Certove chodniky).

V roku 2020 bola dynamika pdédneho vodného potencidlu ovplnend najmd vyskytom
kratkodobych bezzrazkovych epizdd. Priebeh dynamiky vodného potencialu v roku 2020 je
detailne zobrazeny na obrazku 7.
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Obr. 7. Pédny vodny potencial v roku 2020. Z dovodu neskorsej instalacie za¢ina hodnotenie
roka 2020 az 21.5.

Detailnejsi pohl'ad na obrazku 7 dokumentuje vyrazne rozdielny chod vodného potencialu na
banskou ¢innostou poskodenej ploche a na referencnej ploche. Pri kratkodobych epizédach
sucha ako napriklad v prvej a druhej dekade jula 2020, doSlo iba k miernemu poklesu
vodného potencidlu na hodnoty -1,4 bar na referencnej ploche (15.7.) a -4,4 bar na poSkodenej
lokalite (17.7.). VysSia zéasoba pddnej vody resp. vySSia retencnd kapacita je
dokumentovatel'na aj skuto¢nostou, ze na referencnej ploche sa uz po velmi miernych
zrazkach dina 16.7 (0,8 mm) a dia 17.7. (1,6 mm) zvySila hodnota podneho potenciidlu na
hodnotu -0,3 bar, zatial’ ¢o v tej dobe bola na poskodenej lokalite zaznamenana hodnota -4,4
bar. T4to sa na poddolovanej lokalite dostala na hodnoty -0,25 bar az 20.7. po tom ¢o sa 18.7.
vyskytli thrny zrdZzok 32 mm nasledované 4,4 mm thrnom diia 20.7.2020. Neskor v prvej
dekade az polovici mesiaca august sa vykskytlo niekol’kodiiové obdobie bez zrazok, na ktoré
reagovala referenc¢na plocha iba nevyraznym poklesom potencidlu na hodnoty -3,9 bar, zatial’
¢o v rovnakom obdobi sa tento prepadol na poddolovanom uzemi az na minimalne meratel'né
hodnoty -15 bar (16.8.). Po zrazkach, ktoré sa vyskytli od 16.8 sa zacal potencial zdvihat' na
oboch plochéch, no s evidentnym ¢asovym odstupom v pripade poSkodenej plochy. Vyrazny
rozdiel nastava od 8.9 do 22.9, kedy sa vyskytuje uz v meteorologickom rozbore spomenuta
nadlhSia epizdda sucha v tomto roku. Téato vyraznejSia epizdda sucha sa prejavila rychlym a
nahlym poklesom vodného potencialu na poskodenej ploche v priebehu 10 dni (9.9-19.9) z
hodnoty -0,25 bar na -15 bar, zatial' ¢o referencna plocha zaznamenala svoje najnizsie
hodnoty az 23.9 na urovni -13,9 bar. Pokles potencialu tiez datujeme do 9.9., tento vSak na
svoje minimum klesal 14 dni (o Styri dni dlhSie oproti poskodenej ploche). Navrat do hodnot
blizko nuly nastal kratko po vydatnych zrazkach od 23.9. V tomto pripade nastal navrat do
normalu v rovnakych datumoch, nakol’ko zraZzkové obdobie ktoré zacalo 23.9. bolo vydatné a
plne saturovalo vodny deficit, ¢o sa ukédzalo spolocnym prudkym stipanim potencidlu na
oboch plochach.

Rok 2021 bol charakteristicky relativne chladnou a zrdzkovo dobre zasobenou jarou. To sa
prejavilo aj na priebehu vodného potencialu, ktory sa drzal vel'mi dlho na vysokych
hodnotach az do 16.6.2021. Dobré zavlazenie pddy z prvej a druhej dekady méja v stibehu s
len vel'mi pozvolna nastupujucou jarnou fenoldgiou sposobilo, ze vodny potencial zacal
klesat iba k hodnotam -9 bar (Ratkov laz) resp. -5,8 bar (referenéna plocha Certove
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chodniky) dna 10.7. resp. neskor 25.7. s identickymi hodnotami (obr. 8). Dokazuje to
skuto¢nost’, Ze pokial' je zrazkové zabezpeCenie vyvazené z Casového a kvantitativneho
hl'adiska, rozdiel medzi poskodenou plochou a referencnou je relativne zanedbatelny. Ak
vSak nastane dlhotrvajuci nedostatok atmosférickych zrdzok (od 7.9. do 22.11) s relativne
slabymi a obCasnymi zrazkovymi situdciami, retencna kapacita resp. poskodenie uzemia sa
prejavia vel'mi vyrazne. A to aj s oh'adom na konciacu vegetacnl sezénu a niz$iu potrebu
vody na transpiracné zabezpecCenie lesnych porastov. Pocas vysSie spomenutého obdobia
jesenného meteorologického sucha bol pokles pddneho potencidlu na referencnej lokalite
zaznamenany na minimalnu uroven -3,6 bar diia 2.11. zatial’ Co na poSkodenej lokalite podny
potencial dosahoval takmer minimalnych hodnét -14,4 bar od 21.10. az -12 bar dna 25.11.
2021. Z uvedeného vyplyva, ze dynamiku pddneho vodného potencialu na posSkodenej ploche
najvacSmi ovplyviluje predchadzajice zrazkové zabezpecenie, priebeh potencidlne;
evapotranspiracie (teploty vzduchu) a distriblcia zrazok z ¢asového hl'adiska. Ak su splnené
tieto podmienky, tak su rozdiely medzi referencnou plochou a poskodenou takmer
zanedbatel'né.

. 7r37ky (stanica RS-PUSt Prievidza) ——Padny vodny potendal na poddolovanej ploche (Rackov laz) Pdny vodny potendial na referenénej ploche (Certove chodniky)
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Obr. 8. Padny vodny potencial v roku 2021.
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Dynamika vodného potencidlu v roku 2022 bola ovplyvnend najmé zrazkovo vel'mi malo
zasobenymi mesiacmi februdr az jul (obrazok €. 9). V tejto Casti roka spadlo dovedna pocas
156 dni iba 157 mm zrdzok (od 20.2. do 25.7.). O¢akavatel'ny prepad vodného potencialu pri
takto nizkom Uhrne zrdzok vSak nastpil pomerne neskoro (19.5. - poskodena plocha, 26.5. -
referen¢nd plocha). Dévodom pre tento zvlaStne oneskoreny nastup reakcie pddneho
potencidlu na nedostatok atmosférickych zrazok je relativne chladny priebeh mesiacov marec
(priemera teplota 3,78 °C), april (priemerna teplota 7°C) a maj (14,53°C). Tieto pri porovnani
s hodnotami dlhodobého normalu (1981-2010) pre meteorologicku stanicu SHMU v Prievidzi
nizsie o 0,42°C v marci, -2,9°C v aprili a 0,47°C v mesiaci m4j. Toto relativne chladnejSie
obdobie malo za nésledok aj neskorsi nabeh plného olistenia a spomalila sa aj transpiraént
potreba lesného porastu. Deficit zrazok vSak viedol k tomu, Ze pokles vodného potencidlu bol
razantny a na ploche postihnutej banskou ¢innost'ou sa az na niekol’ko dni trvajuce vynimky
po vyskyte velmi obcCasnych vydatnejSich zraZzok na konci jula (23-24.7., a 15.8.) drzal
prakticky na minimalnych hodnotach -15 bar. Uplne najdlhiim obdobim, kedy sa podny
potencidl drzal na trovni -15 bar bola epizéda sucha od 23.6 do 27.7. Zaujimavou
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skuto¢nostou je, ze tento kriticky priebeh pddneho potencialu je charakteristicky iba pre
banskou ¢innostou poSkodenu lokalitu Rackov laz. Aj na referencnej ploche bol priebeh
potencialu dynamicky a doSlo aj k poklesu na minimalnu uroven -15 bar, no toto obdobie
trvalo iba od 14.7. do 20.7. Je teda evidentné a potvrdzuje sa tvrdenie, ze pokial je zrazkové
zabezpecenie nepriaznivé ¢o do Casovej distribucie a mnozstva, vi¢Smi sa prejavuje sucho
resp. nizke hodnoty vodného potencidlu na poskodenej lokalite ako na referencnej. VSeobecné
zlepsenie stavu vodného potencidlu nastalo iba ku konci sledovaného obdobia (september
2022) vyhradne na referencnej lokalite, zatial’ ¢o na ploche poskodenej banskou ¢innost'ou sa
situdcia nezlepSila ani v suvislosti s vydatnymi zrazkami z konca augusta a zacCiatku

septembra

mmm Zr47ky (stanica RS-PUSt Prievidza) ——Pédny vodny potencidl na poddolovanej ploche (Ratkov laz) ——Pédny vodny potencidl na referenénej ploche (Certove chodniky)
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Obr. 9. Podny vodny potencial v roku 2022.

Charakter dynamiky podneho vodného potencialu na referencnej (Certove chodniky) a
poskodenej ploche (Rackov laz) m6zeme sledovat’ taktiez na vyrazne odliSnej variabilite (obr.
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Obr. 10. Variabilita hodn6t pddneho vodného potencialu na poskodenej lokalite Rackov laz
(Cervena farba) a intaktnej referen¢nej ploche Certove chodniky (zelena farba).
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Z obrazku je evidentné, ze dynamika vodného potencidlu na poskodenej lokalite je zretelne
vyssia, ¢im moézeme konStatovat, ze poskodenie geologického podlozia a tym aj podneho
vodného rezimu spdsobuje zosiliovanie ddsledkov sucha a vystavuje lesné ekosystémy
zvysenému stresu zo sucha. Z dévodu potreby poukazania na rovnaky tepelny rezim na oboch
lokalitach si dovol'ujeme na zaver uviest’ graf priebehu teploty pody v hibke 5 cm v obdobi od
21.5.2020 do 22.9.2022 (obr. 11). Z grafu je evidentné, Ze tepelny rezim v povrchovej vrstve
pddy, ktora je kontaktnou zoénou transformécie kratkovinného Ziarenia na infracervené je na
oboch lokalitach relativne zhodna ¢o vylucuje zasadny vplyv rozdielnej energetickej bilancie
na vodny rezim v pode. Potvrdzuje to aj obrdzok 12, na ktorom nie je evidentnd odlisnd
variabilita hodnot teploty pddy na oboch lokalitach, co podporuje nase zavery.
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Obr. 11. Dynamika teploty pddy v hibke 5 cm na lokalitich Ratkov laz a Certove chodniky v
obdobi od 21.5.2020 do 22.9.2022.
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Obr. 12. Variabilita hodnét teploty pody v hibke 5 cm na lokalitich Ra¢kov laz (¢ervens farba) a
Certove chodniky (zelena farba).

36



Electronic book
Interdisciplinary Approach in Current Hydrological Research

ZAVER

V prispevku sme potvrdili rozdielny rezim pddneho vodného potencidlu na banskou
¢innost'ou poskodenej lokalite Rackov laz v porovnani s intaktnou referen¢nou plochou na
lokalite Certove chodniky. Z vysledkov je evidentné, e na poskodenej lokalite sa dosahuju
nizsie hodnoty podneho vodného potencidlu, pokles ma razantnejsi priebeh a vodny potencial
dlhsie zotrvdva na minimalnych hodnotach v pripade bezzrazkovych situacii resp. v
obdobiach s vy$§imi evaporaénymi poziadavkami atmosféry. Taktiez mozno konStatovat’, ze
odolnostny potencial ekosystétmov na sledovanych lokalitach, vyjadreny v zmysle
charakteristik podneho vodného potencialu je slabsi na poddolovanej lokalite Rackov laz ako
na referen¢nej lokalite Certove chodniky. Teda aj pri relativne menej priaznivom chode
poveternosti, kedy sa kombinuje nedostatok zrazok s vysokymi evaporaénymi poziadavkami
atmosféry, dokaze neposkodend plocha ciasto¢ne tlmit’ s tym spojené dopady v pddno-
hydrologickom komplexe. Opak plati pri poddolovanej lokalite. Aj napriek tomu, ze vysledky
vychadzaju zatial’ z troch rokov, rozdielnost” dynamiky vodného potencidlu pody nas vedie k
zaverom, ze bansku Cinnost’ na uvedenom Uzemi moézeme hodnotit’ ako antropogénny
disturbaény faktor zniZujici odolnost’ lesnych ekosystémov voci suchu. Je vSak potrebné
vykonat’ este rozsiahlejsi zber udajov o vodnom potencidli ale aj objemovej vlhkosti pody,
fyziologické a dendrometrické kontinudlne merania ktoré by umoznili nahliadnut' do
retenénych vlastnosti pdd a fyziologickej manifestacie drevin na uvedenych lokalitach.
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ABSTRACT

Soils have been under increasingly high pressure, mainly due to anthropogenic use. To understand
the connection between soil properties and soil ecosystem services, finding suitable indicators is
crucial. In our research, we chose earthworms as indicator species, because their presence, and its
influencing factors can be monitored spatially and temporally, and they have been widely
researched. On different protected areas in Szada and Sirok, Hungary, soil blocks of 25x25%25 cm
have been taken randomly and hand sorted for earthworms 5 times at each site to quantify
abundance and biomass of earthworms. Their species was identified for adult individuals, as well
as ecotypes for juveniles. Soil properties were measured using a portable NIR device, to determine
influencing factors of their presence, such as soil moisture, soil organic matter, pH, or calcium-
carbonate content. Soil samples were analyzed also in the laboratory to compare the measuring
methods. Based on the statistical analysis, the main conclusion is that samples with higher soil
moisture, contained more earthworms, however, our assumption, that the bottom of a hill contains
more earthworms could not be confirmed. Significantly more earthworms at Sirok Castle (Bottom)
shows importance of soil type.

Keywords: soil properties, earthworm, protected area, land use, soil moisture

INTRODUCTION

Soils, from humanity’s point of view, have been key asset for our survival and wealth for
millennia. It is widely documented that it is an integrator, reactor and transformator of other
natural resources (Stefanovits et al. 1999, Schon & Dominati 2020), due to its high
biodiversity (Griffiths et al. 2016), it is a place for biomass production and natural storage
medium of temperature, minerals, and water. During the 20" century, the questions of
environmental protection raised, it became obvious, that protection of soils should be treated
as top priority, because they are both natural filters and big capacity buffers. Furthermore, soil
is a raw material for technical purposes; place of constructions and geological, as well as
cultural archive (Pet6 et al. 2008, Barczi et al. 2009, Salata et al. 2016), and a gene reservoir,
too (Barczi et al. 2008). The value of soils and their ecosystem services can be decisive for
legislators, land managers and future generations.

Soil organic carbon regulates most ecosystem services. The sequestration of soil organic
carbon by ecosystems can potentially reduce the atmospheric concentration of carbon dioxide
and, therefore, slow down global warming. That is why it is considered part of a strategy to
reduce the effects of climate change (Canedoli et al. 2020, Panchal et al. 2022). The two most
important areas of its buffering effect are: the acid/base buffer capacity and the ability to bind
nutrients and toxic elements (Stefanovits et al. 1999). Marichal et al. (2017) also highlights
support for primary production processes through soil quality and water storage. The
sustainable management of soils requires soil monitoring, including biological indicators, to
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be able to relate land use and management to soil functioning and ecosystem services
(Pulleman et al. 2012). The criteria for the selection of biological indicators were summarized
as follows: meaningful, standardized, measurable and cost efficient, policy relevance, spatio-
temporal coverage, understandability and accuracy (httpl).

Different EU policies, e.g. on water quality, pesticide use, waste management or nature
conservation, contribute in some way to soil protection (Pulleman et al. 2012). In Europe,
European Commission (COM) was approved in 2002 that was the initial step for a thematic
soil protection strategy, that highlights the importance of soils and protecting it from
degradation for its own right. The EU Soil Health Law foreseen for 2023 could couple land
management practices beneficial for soil biodiversity with incentive-based instruments. Also,
the EU has recently announced its new Soil Strategy to better protect soil ecosystems as part
of the Biodiversity Strategy for 2030 (Koninger 2022).

Only a few studies have linked soil properties to ecosystem services. However, the
relationship between soil carbon, soil biota, soil nutrient cycling, and moisture retention to
ecosystem services has been well documented, as well as effects of land use change and soil
degradation (Centeri et al. 2012) and protective measures (Bolf et al. 2014). Soil ecosystem
services depend on soil properties and their interaction and are mostly influenced by its use
and management. Landslides, erosion, decline in soil carbon and biodiversity lead to soil
degradation which is a serious global challenge for food security and ecosystem sustainability
(Adhikari et al. 2016).

In case of Hungary, one soil ecosystem service, namely storing water, has the potential to be
the biggest capacity of natural water reservoir, as its top layer could receive up to 45 km?®
water and store 25 to 35 km®. Water balance determines air and temperature, biological
activity and via these, the mineral circulation. These circulations also determine its buffer
capacity for environmental stress. It is of crucial importance to adapt and mitigate the effects
of climate change such as weather extremes that result in hydrological and soil moisture
scenarios like floods, droughts, even on the same place with a year. Probability, frequency,
duration, and intensity will likely increase in the future (Simon 2008).

Regulation of the water cycle in the soil is enhanced by the soil ecosystem engineers, like
earthworms. They affect the infiltration and distribution of water in the soil, by creating soil
aggregates and pore spaces. It has been observed that the elimination of earthworm
populations due to soil contamination can reduce the water infiltration rate significantly, in
some cases even by up to 93%. The diversity of microorganisms in the soil contributes to
water purification, nutrient removal, and to the biodegradation of contaminants and of
pathogenic microbes (httpl).

Different types of indicators can be used to characterize the quality of an area of land or a
given soil. They can be grouped, for example, based on the work of Mizik (ed.) (2018) as
follows: 1. Visual, such as topography. 2. Physical: expresses the soil's resistance to various
environmental influences. This also includes the ability of the soil to absorb and retain water.
3. Chemical - includes the soil's pH value, (electrical) conductivity (this refers to the number
of ions and salinity), mineral and trace element content, nutrient retention, and absorption
capacity. 4. Biological - the totality of organisms living in the soil. Earthworms were chosen
for various investigations because, among the edaphon organisms, their role in the soil
ecosystem has been proven in a wide range of climates, and they are significant indicators of
the biological and physical condition of the soil (Bakti et al. (2017), Kalu et al. (2015)). Total
abundance or biomass of earthworms are commonly used as indicators (Magyari-Mesko et al.
2019). Nevertheless, the functional group may be a better proxy for habitat quality and soil
functions (Pulleman et al. 2012).

Dispersal plays a major role in shaping biodiversity, evolution, and ecosystem functioning.
The direct consequence is that species abundance and genetic composition in different places
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of a landscape are not independent. In this perspective, we need to study local community and
genetic structure at both local and regional scales in order to understand the structure of local
populations or communities, as well as their functional role (Sakraoui et al. 2022). It is,
however, hard to track individuals, which is particularly true for earthworms, because they are
subterranean and cannot be seen from surface (Mathieu et al. 2018).

Earthworms occur in large numbers in most soil types, they often form the major part of soil
fauna biomass, representing up to 60% in some ecosystems (httpl). However, they are less
frequent in agriculturally cultivated and quickly drying, sandy soils than, for example, in
forested areas. Their role is very diverse, because they rotate and mix soil layers through their
feeding and burrow-making movements, and improve the aeration, water balance and
structure of the soil (Bakonyi et al. 2003). By producing soil structures such as burrows and
excrements they strongly modify the habitat for other soil organisms, including plant roots
(Pulleman et al. 2012). They are usually very sensitive to drying out. In soils around pF 4.2,
they are no longer viable. Their distribution is mainly determined by the pH values of the
soils (Szabd 2008). The study by Hoeffner et al. (2021) revealed that the most favorable
factors for earthworm frequency and biomass were an increase in pH and soil organic matter
content. It has also been shown that the hedge that surrounds the pasture or grassland
increases earthworm species richness. In their study, Timmerman et al. (2006) found a lower
occurrence of earthworms and a higher average individual body weight in the case of liquid
fertilization than between the areas without fertilization and those treated with agricultural
manure. Salomé et al. (2011) assumed that the occurrence of earthworm communities is
greatly influenced by altitude, the successional phase of forests, and some other soil
parameters. The results show that the composition of earthworm communities changes
depending on the altitude gradient. However, a 20-year-long study by Butt et al. (2022)
concluded, that even though e.g., precipitation and soil moisture records were markedly
different over time, these resulted in small, discernible environmental effects. Site specific
differences were more apparent with better conditions in field and less so on slopes sites.

The moisture requirements of earthworms vary from species to species. A water content value
below 20% of the soil's total water capacity is no longer sufficient to ensure the living
conditions of any species. Therefore, soil-friendly cultivation procedures that preserve the
moisture content and structure of the soil are also favorable from the point of view of the
survival and activity of the earthworm fauna (Pacs 1990). Birkas et al. (2004) found
significantly more earthworms in undisturbed, non-compacted soil, and when the stubble
remains were left on the ground surface than when the ground surface was left completely
bare. Dekemati et al. (2019) found that better microclimatic conditions, like higher soil
moisture content and less evaporation in the soil, manifested in measurably higher earthworm
abundances. Positive correlation of earthworm biodiversity and distribution has been found
with soil moisture (Singh et al. 2016). Initially by Darwin (1881) and Singh (1997) found a
relative reduction in earthworm abundance and biomass when soil moisture, soil acidity, and
food source palatability tended to decline.

Their reactions to the drought were reported to depend further on chemical stressors, supply
of oxygen and soil food supplies (Nearing et al. 2004). It was highlighted that soil water
capacity and organic matter content of soil are important factors that modulate earthworm
reactions to drought conditions (Richardson et al. 2009).

Instead of assessing their contribution to separate ecosystem services, Schon & Dominati
(2020) utilized in their study the status of earthworms as ecosystem engineers modifying soil
properties and contributing to the provision of multiple ecosystem services. Their beneficial
effects on soil microbes, soil microbial biomass, fungal community, soil structure, water
retention and plant growth in different terrestrial ecosystems have been well reported (Al-
Maliki 2021),
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Earthworms help maintain and enhance the physical condition and function of soils. Their
contribution to soil services, such as the flow of water, nutrients and gases, is influenced by
earthworm abundance and diversity. However, how earthworms impact soil structure as their
abundance and diversity increases remains poorly understood, particularly, in relation to how
this might alter their contribution to soil services, and whether their contribution to these soil
services change throughout the year (Schon et al. 2017).

The objective of our study was to determine the effect of soil moisture content on earthworm
abundance, particularly in two protected areas of Hungary. As various earthworm research
focuses their abundance and its influencing factors in sites dominated by agriculture such as
pastures and there is a lack of research on nature protected areas. Our first hypothesis was that
there is a positive correlation between abundance and biomass of earthworms and soil
moisture content. Our second hypothesis was that on the bottom of the hill there will be more
earthworms than on the top of the hill, due to the hillside effect.

METHODS

Two protected areas of Hungary were chosen for sampling. Altogether, 6 sampling locations
were selected, of which two were in the G6do6ll6 Hillside Landscape Protection Area, nearby
its peak at Margita (altitude 345 and 340 m, respectively) in Szada. Both Szada Hilltop and
Hillside were located in an oak forest. The other 4 sampling locations were in Sirok. Two
locations next to the Sirok, Lake Nyirjes Nature Protected Area, at the bottom and at the top
of a hill (267 and 300 m of altitude, respectively) in a hornbeam-oak forest, another at a clear-
cut of an oak forest (altitude 318 m) in a nearby forest and the last one at the bottom of the hill
of The Castle of Sirok (257 m of altitude). Sampling sites are shown on Figure 1.
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Fig. 1. Location of study sites in Szada and in Sirok (Source: Google Earth).
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When deciding where the sample sites will be, it was important that they are nature protected.
Also, we tried to select areas with different soil types. Both in case of the two Szada sample,
as well as the two samples from the hill near Lake Nyirjes, the two sample sites are in the
proximity of each other, however there is an altitude difference between them, so they were
used to investigate the hillside effect. In case of the clear-cut, there is a major change in the
ecosystem, and we wanted to model this effect.

Used methods

Soil types were assessed by Piirckhauer type soil core sampler with 1m depth on 25" and 30™
of April and 1% of May 2022. At each of the 6 sampling sites, 5 samplings were done, by
digging soil blocks of 25x25%25 c¢m, according to ISO (2006) standard. Earthworms were
hand-sorted and collected in glass jars. Additionally, approx. 150 g of soil sample was taken
from each sampling site to determine soil moisture content, pH and salt content in the
university soil laboratory. Soil samples were also measured using a portable NIR (near-infra
red) soil scanner from AgroCares for various soil parameters (pH, exchangeable Calcium
(Ca), Potassium (K), Magnesium (Mg), potential mineralizable nitrogen, soil moisture
content, clay content, and soil organic matter content, all phosphorous (P), all Aluminum (Al)
and all Iron (Fe), as well as cation exchange capacity (CEC). Raw data was gathered in
Microsoft Excel, where mean and standard deviation values were calculated. IBM SPSS and
Statistica softwares were used for statistical analysis. When the distribution was non-normal,
based on the Shapiro-Wilk test, then non-parametric Kruskal-Wallis test was performed. The
effect of soil moisture on earthworm abundance and biomass was tested using a nested
ANOVA for which sampling site (Sirok or Szada) was the principal factor and sampling site
within the subordinate one. When necessary, data were square root transformed to respect the
conditions for normality and the homogeneity of variance.

RESULTS AND DISCUSSION

Comparison of soil parameters and abundance, biomass, and adult/juvenile ratio of
earthworms

Based on the statistical analysis, there is a correlation between soil parameters only in case of
few parameters and the abundance of earthworms. There was a significant difference
observed in the pH of the various sampling sites positive correlation was found between the
pH and sum of earthworms (p=0.011). This finding was in line with McCallum et al. findings
(2016).

There was also significant difference observed between sampling sites in case of all
phosphorous (P) content (p=0.099), however, there is only a slight positive correlation
between P content and sum of earthworms.

The third, observed parameter, that showed significant differences between the sampling sites,
was the soil moisture content (p=0.009). The biggest positive correlation was observed in case
of this parameter. In case of our sampling sites, the higher the soil moisture, the more
earthworms were found.

Between earthworm biomass and soil parameters, and between adult/juvenile ratio and soil
parameters, no significant correlation was observed. The main conclusion is that samples with
higher soil moisture, contained more earthworms. Our assumption, that the bottom of a hill
contains more earthworms could not be confirmed. Significantly more earthworms at Sirok
Castle (Bottom) shows importance of soil type. The soil there contained higher ratio of clay,
pH and CEC showed the highest values between the sampling sites.
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Comparison of sampling sites regarding soil moisture

Univariate data analysis for soil moisture shows, that there is an effect of the sampling ID
within each sampling site (p=0.000208) but also there is an effect whether the sample was
taken in Sirok or Szada locations (p=0.05756). There is a significant difference between Sirok
Castle (Bottom) and Sirok, Bottom of Hill at Lake Nyirjes (p=0.0151). Furthermore, Sirok
Castle (Bottom) is significantly different from the other sampling locations as well, except for
Sirok Clear Cut (p=0.1438). It significantly differs from the Sirok, Hilltop at Lake Nyirjes
(p=0.0124), Szada, Hilltop, 1% sampling (p=0.0009) and 2" sampling (p=0.0056) and Szada,
Hill side (p=0.0003).

As it can be seen in Figure 2, samples from Sirok had slightly higher soil moisture content.
However, sampling in case of Szada, Hilltop (1%%) happened on 25 April 2022, while 2" on
29" of May. Whereas sampling sites from Sirok were visited on the 30™ of April 2022 and 1°
of May 2022. The difference between the soil moisture content can partially be explained by
different weather conditions, such as rainfall, prior to sampling.

0.36
0.34 ¢ ©
0.32 ¢
030 | B Soil moisture/sampling place:
Clearcut
0.8 1 I B Soil moisture/sampling place: Lake
' Nyirjes-Bottom
i B Soil moisture/sampling place:
< 0.26 | o) Castle Bottom
Kz e} [ Soil moisture/sampling place: Lake
2 0.24 ¢ Nyirjes-Hilltop
= ? B Soil moisture/sampling place:
9022t Hilltop 1st sampling
' Soil moisture/sampling place:
0.20 } HiIItop 2nd_ sampling _
B Soil moisture/sampling place:
018 | © Hillside
' O Outliers/sampling place: Lake
Nyirjes-Bottom
016 O Outliers/sampling place: Castle-
Bottom
0.14 ' ' O Outliers/sampling place: Hilltop 1st
Sirok Szada, Margita sampling
Sample ID

Fig. 2. Soil moisture content of soil samples by sampling place, Statistica software.

Comparison of sampling sites

Based on Dunn’s test results, there is significant difference between the number of
earthworms at Szada, Hillside Deep and Sirok Castle (Bottom) (p=0,038) and between Sirok
Clear cut and Sirok Castle (Bottom) (p=0,022). In case of the other sampling sites, no
significant differences have been observed. It means that there was no significant difference
either between the two sites at Szada, the Hilltop and Hillside or between the Lake Nyirjes
sampling sites, Hilltop and Bottom of the hill.
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Sum of earthworms is significantly different between the sampling site (p=0,001), so the null
hypothesis was rejected. In case of the sum of weight of the earthworms, again there is
significant difference between the sampling sites (p=0,006). Dunn’s test performed for sum of
weight, but exact locations that differ could not be output using this method. Figure 3 shows
summarized earthworms found at each site, and it can be seen, that Sirok Castle Bottom has
the highest number (57) of individuals found.

60
50
40
30
M
10 I
: m im Em m_ m-
Sirok, Castle Sirok{,lLake Szada, Sirok{,lLake Szada, Hill Szada, .
Bottom BN;;EJOE;] Hilltop m:g;; Side Hilltop CSLEEO[%;ISES
(22.04.30.) (22.05.01) (22.04.25.) (22.05.01) (22.05.29.) ('22.05.29.)
| Sum (pieces) 57 45 14 12 8 7 6
B Sum weight (g) 25,3788 26,1094 6,4452 8,2167 7,1546 1,3563 2,1406

W Sum (pieces) M Sum weight (g)

Fig. 3. Sum of earthworms and their weights at the sampling sites.
CONCLUSIONS

Our hypothesis that soils which contain more soil moisture are favorable for earthworms has
been confirmed by statistical analysis. However, the second hypothesis, regarding the hillside
effect on number of earthworms has failed. Other than soil moisture content and pH and all
phosphorous, we could not statistically confirm any other soil parameters that influences
earthworm abundance and biomass.

To confirm influencing parameters, the same sampling locations will be visited in different
weather conditions and seasons, also to increase statistical confidence.
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ABSTRAKT

Mnozstvo vody v pdde urcuje vlhkost’ pddy. Vlhkost' pody nie je konstantna. Na vlhkost' pddy
vplyva podna textura, zrazky, podzemna voda, hydraulickd vodivost’ pddy, retencia vody pddou,
infiltracia vody do pddy a intercepéne zachytend voda. Zmeny vlhkosti pddy spdsobuji rozdielne
podmienky pre vegetaciu, ktora sa musi prispdsobit’ rozdielnemu mnozstvu vody v pdde pocas
vegetaéného obdobia. Na vyskum fytoindikacie vlhkosti pody sme vybrali rastlinu Impatiens
parviflora a parameter, ktory sme stanovovali bol obsah suSiny. Vybrali sme dve rozdielne
vyskumné miesta s rozdielnou vlhkostou pody. Zistili sme odli$nosti v obsahu susiny v zavislosti
od vlhkosti pédy. Stanovili sme vy$§i obsah susiny 0.13 g.g”’ na vyskumnom mieste kde sme
namerali niz§ie hodnoty vlhkosti pddy a niZ$i obsah susiny 0.11 g.g"* sme stanovili na vyskumnom
mieste kde boli namerané vysSie hodnoty vlhkosti pody.

Keywords: phytoindication, dry matter weight in leaves, soil moisture, Impatiens parviflora

UvVoD

Pdda obsahuje mineralnu zlozku, organickt zlozku, vzduch a vodu. Mnozstvo vody v pode
urCuje vlhkost' pddy. Vlhkost' pddy nie je konStantnd. Zavisi od textury pddy, zrazok,
podzemnej vody, hydraulickej vodivosti pody, retencie vody v pode, infiltracie vody do pody,
intercepcie zraZzok. Zmeny vlhkosti pddy spdsobuju rozdielne podmienky pre rastliny, ktoré sa
musia prisposobit’ na rézne mnozstvo vody v pode v ramci ich Zivotnych podmienok pocas
vegetacného obdobia.

Voda po prijati koretiom sa pohybuje pozdiz bunkovych stien a cez medzi bunkové priestory
z korenovych pletiv cez xylémové cievy az do listov. Hnacou silou pohybu vody v rastline je
gradient hydrostatického tlaku. Je to Cisto fyzikdlny proces, kde vyparovanie z bunkovych
potencialu na vrchole xylémovych stipcov a tym vznika sanie (Meidner 1975).

Komplexné stadium vztahov medzi rastlinami, rastlinnymi spolocenstvami a abiotickymi
faktormi prostredia je obzvlast’ vyznamné z hladiska porozumenia dosledkov meniacich sa
podmienok prostredia. Reakcia rastlin na aktudlne zmeny prostredia je flexibilnd, pretoze
rastliny méZzu menit’ po€et a velkost’ rastlinnych orgadnov, mdézu odliSne alokovat a re-
alokovat’ zasobné latky do réznych pletiv (Masarovicova a kol., 2015).

Jednym z faktorov, ktoré sa podla predikcii budt v blizkej budicnosti najviac menit, su
pddne vlastnosti, napr. obsah a dostupnost’ vody pre rastliny v dosledku klimatickych zmien
(Masarovi¢ova a kol. 2002). Ukazalo sa, Ze v sucasnosti su problémom nie len dlhodobé
klimatické zmeny, ale este vyraznejSie kratkodobé vykyvy pocasia (Sobocka a kol. 2005).
Kratkodobé vykyvy pocasia su Specifické pre kazdy skimany regién a generuju zamer zistit’
do akej miery su vztahy medzi vegetaciou a abiotickymi faktormi prostredia podmienenymi
Specifickymi vlastnostami daného tzemia a do akej vSeobecnymi trendmi zmien prostredia.
Dal§im z dovodov pre §tidium vztahov v systéme pdda-rastlina-atmosféra je potreba
zachovat’ vodu v pode a v krajine, aby sa zabranilo degradacii vegetatného krytu, zhorSeniu
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podnych vlastnosti ako aj erdzii. Vo vSeobecnosti je, teda hydrologicky cyklus ovplyviiovany
zmenami prirodnych podmienok, vratane vegetacie (Lapin, 2004).

Cielom ¢lanku bolo vedeckym vyskumom uréit’ na vybranej rastline Impatiens parviflora
fytoindikovat’ vlhkost’ pody cez vybrany parameter obsah susiny.

METODY A UDAJE

KIa¢ovym pre vyskum vplyvu vlhkosti pody na vegetaciu bolo urcenie metéd a vyber
skimaného tzemia. Na meranie vlhkosti pody sme pouzivali pristroj TRIME-FM, ktory je
uréeny pre mobilné pouzitie v teréne. Na vybranych vyskumnych bodoch v rdmei skimaného
uzemia sme umiestnili do pddy tekanové riry uréené na meranie vlhkosti pody so snimacom
Tube probe T3. Snimac je prispdsobeny pre meranie vlhkosti pody v tekanovej rare. Vlhkost’
pddy sme merali po 10 cm krokoch do hibky pédy 30 cm. Merania vlhkosti prebiehali v
priblizne v rovnakych casovych intervaloch od 30.5.2022 do 5.9.2022. Namerané udaje
vlhkosti pddy sme spracovali do grafického zobrazenia.

Na vyskum fytoindikacie vlhkosti pody sme vybrali rastlinu Impatiens parviflora (netykavka
malokveta) a na zaklade jej miest rastu sme vybrali vyskumné body na meranie vlhkosti pody.

’\,/b oV 1% | ""'.-“:‘
Obr. 1. Impatiens parviflora (netykavka malokveta).

V den odberu 20.7.2022 sme odobrali 12 kusov listov Impatiens parviflora z kazdého
vyskumného bodu. Listy sme odobrali do namocenych papierovych servitok z ddévodu
nasycovnia listov na 24 hodin po odbere. Po 24 hodindch sme listy odvazili na analytickych
vahach a zistili sme nasyteni hmotnost’ listov. Po odvéazeni sme listy vlozili samostatne do
suSicky a susili pri teplote 80 °C minimalne 48 hodin. Takto sme zistili such hmotnost’
listov. Na vypocet obsahu suSiny v listoch Impatiens parviflora sme pouzili nasledujtci
vypodet: obsah susiny v listoch = sucha hmotnost’ listov / nasytena hmotnost’ listov (kg.kg ™).
Vyskumné lokalita Lieskovec bola v Bratislave — Podunajské Biskupice. Na vyskumnej
lokalite sme urcili podl'a porastu sktimanej rastliny Impatiens parviflora vyskumné body 1 a 2
(Obrazok 2).
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v

LIESKOVEC

o Vyskumny bod 1

o V§skumny bod 2

Obr. 2. Mapa vyskumnej lokality Lieskovec s vyzna¢enymi vyskumnymi bodmi 1 a 2.
VYSLEDKY A DISKUSIA

Z casového obdobia od 30.5.2022 do 5.9.2022 sme namerali udaje o vlhkosti pody na
vyskumnych bodoch. Vysledky priemernych nameranych hodndt vihkosti pddy su v tabul’ke
1. Obrazok 3. a 4. obsahuje graficky vyvoj vlhkosti pddy na vyskumnych bodoch za uvedené
asové obdobie. Z porovnania priemernych hodndt nameranych pre hibky pddy od 10 cm do
100 cm po 10 cm sme zistili niz§ie hodnoty vlhkosti pddy na vyskumnom bode 1, ako na
vyskumnom bode 2, ¢o potvrdzuju aj priemerné udaje za celé obdobie merania a za celu
hibku od 10 cm do 100 cm merania vlhkosti pody (Tabulka 1). Vyskumny bod 1 a 2 je od
seba vzdialeny niekol’ko metrov a namerali sme rozdielne vlhkosti pody. Doévodom preco
bola namerana vyssia vlhkost’ pody na vyskumnom bode 2 je vplyv podzemnej vody a jej
premiestiiovanie vplyvom kapilarnych sil, ktoré pdsobia na vodu v pode. Vyskumny bod 2 sa
nachadzal v kanali (6 metrov niZSie pod uroviiou terénu ako vyskumny bod 1) na
zaplavovanie lokality Lieskovec. Zuvedeného vyplyva, Ze na vyskumnom bode 2 je
vyraznej$i vplyv podzemnej vody. Dokazom st namerané hodnoty vlhkosti pddy, ktoré
smerom do hibky pody narastaju.

Tabul’ka 1. Priemerna vlhkost’ pody v hibkach od 10cm do 100cm po 10 cm krokoch a
priemerna vlhkost’ v hibke pody od 10 cm do 100 cm za vegeta¢né obdobie Impatiens parviflora
od 30.5.2022 do 5.9.2022

Priemerna vlhkost' pody (%)

Hibka pody (cm) i .
Vyskumny bod 1 Vyskumny bod 2

10cm 15,31 18,46

20 cm 15,6 17,92
30cm 15,59 18,12

40 cm 16,19 18,07

50 cm 14,59 19,42

60 cm 14,45 21,38

70 cm 15,96 23,18

80 cm 17,1 24,33

90 cm 17,55 28,16

100 cm 17,38 31,47
Priemer od 0 cm do 100 cm 15,97 22,05
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Obr. 3. Graf nameranych a vypoc¢itanych priemernych hodnét vlhkosti pédy s vyznacenym
datumom odberu listov na stanovenie suSiny za vegetatné obdobie Impatiens parviflora od
30.5.2022 do 5.9.2022, vyskumny bod 1.
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Obr. 4. Graf nameranych a vypolitanych priemernych hodnét vlhkosti pody s vyzna¢enym
diatumom odberu listov na stanovenie suSiny za vegetacné obdobie Impatiens parviflora od
30.5.2022 do 5.9.2022, vyskumny bod 2.

Po vyskumnych pracach na urcenie hmotnosti susiny opisanych v metédach a udaje (skimané
uzemie) sme ziskali hmotnosti suchych a nasytenych listov. Po vypocte: obsah suSiny v
listoch = sucha hmotnost’ listov / nasytena hmotnost listov (g.g '), kde sme dosadili namerané
hmotnosti sme zistili priemerny obsah suSiny v listoch na vyskumnom bode 1 a 2, (Tabul’ka
2). Porovnanim priemernych hodndt hmotnosti susiny v listoch sme zistili vyznamny rozdiel.
Na vyskumnom bode 1, kde je priemerna vlhkost’ pddy nizsia sme stanovili vysSiu hmotnost’
susiny. VysSia hmotnost’ susiny je spdsobena prerozdelenim latok v tele rastliny a vytvaranim
rastlinnych pletiv vplyvom niZSej vlhkosti po€as vegetacného obdobia na svojom mieste rastu.
Vysvetlenie va¢sej hmotnosti susiny rastliny na suchSom mieste rastu mozno hladat’ u tzv.
sukulentov, ktoré sa adaptovali na suché podmienky v mieste rastu vytvorenim kozovitych
listov. Stanovend vys$ia hmotnost’ susiny urcuje nizSie mnozstvo vody v listoch, ktoré sa
odparilo pocas suSenia v suSiarni a naopak nizSie mnozstvo suSiny urcuje vysSiu hodnotu
vody, ktoré sa v listoch nachadza v prirodnom prostredi.
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Tabul’ka 2. Namerana priemerna hmotnost’ susiny v listoch Impatiens parviflora s
datumom odberu 20.7.2022

Priemernd hmotnost susiny v listoch (g.g%)

Vyskumny bod 1 Vyskumny bod 2

0,13 0,11

Objasnenie vztahu medzi rastlinnymi spolo¢enstvami a najvyznamnej$imi ekologickymi
faktormi prostredia (zamerané najma na meniacu sa podnu vlhkost' a dostupnost’ vlahy v
pdde) prehibi nase poznanie o spitnych vizbach medzi pddou a vegeticiou a tak nés priblizi k
pochopeniu a predikcii ddsledkov environmentalnych zmien. Dal§im pokradovanim vo
vyskume by bolo mozné objasnenie Studovanych procesov prebiehajucich v systéme poda-
rastlina-atmosféra vo vzt'ahu k meniacim sa podmienkam prostredia z dlhodobého hl'adiska.

ZAVER

Na fytoindikaciu vlhkosti pody rastlinami sme vybrali Impatins parviflora a parameter, ktory
sme urc¢ovali bola hmotnost’ suSiny. Vybrali sme dve rozdielne vyskumné miesta s rozdielnou
vlhkost'ou pody. Zistili sme rozdiel v hmotnosti suSiny v zavislosti od vlhkosti pody. Vyssiu
hmotnost susiny 0,13 g.g? sme stanovili na vyskumnom mieste s nameranou niz$ou
vlhkostou pddy a niz§iu hmotnost susiny 0,11 g.g? sme stanovili na vyskumnom mieste
S nameranou vysSou vlhkost'ou pody.
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ABSTRACT

The growth of forests is affected by various environmental factors. Among many others, soil cover
plays an important role. The growth of a European beech (Fagus sylvatica) stand situated on a
steep slope was examined through describing the soil properties and by analysing tree-ring data
taken from specimen of different locations. Soil profiles were opened to describe environmental
properties of the forest stand, while 5-5 tree-ring samples (with increment borer) were collected
from trees of the lower, the middle and that of the upper section of the slope. Besides of on-site
soil description methods (macro-morphology), basic soil physical and chemical parameters were
measured to describe the habitat of the forest. The growth potential of the individual trees was
examined by digital tree-ring measurements using QGIS software and statistical approach
(heatmap method). Major differences were found in the average height and trunk perimeter of trees
growing at different elevations. Data points to the relation between slope exposure and soil
conditions.

Keywords: tree-ring analysis, dendroecology, soils, Fagus sylvatica, Carpathian Basin

INTRODUCTION

The European beech (Fagus sylvatica) is one of the most important forest-forming tree
species of Europe, moreover the main species in Central Europe’s deciduous forests (Bolte et
al., 2007), and an important species in the Bakony Mountains, where the topography and the
water movements related to the topographic conditions have a great influence on growing
potential of the forest stands.

In our research, we primarily were focusing on the effect of this factor through the
examination of the tree-rings of an European beech stand located on a hillside with
homogeneous exposure, but located on different slopes conditions.

MATERIALS AND METHODS

The study area is located in the Bakony Mountains near Bakonybél and Tharkut. The steepness
of the area is significant, as the forest part extends from the peak of the 531 meters high
Papavar mountain (Figure 1.). Beech (Fagus sylvatica) dominates the forest with 82%, while
the remaining species include hornbeam (Carpinus betulus) and small-leaved linden (Tilia
cordata). The forest area is part of the Natura 2000 network, but does not enjoy any further
other protection
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Fig. 1. Location oft he study site within Hungary (compiled with QGIS 3.4.2. software based on
Marosi—-Somogyi (1990) and the OTAB database).

The investigated slope was divided into lower, middle and upper sections, taking into account
the slope and micro-topography, based on the map sources and during the preliminary field
work (Figure 2.). Five tree specimens were chosen at each location. Tree specimens were
sampled using a 600 mm Pressler-type increment borer (Grissino-Mayer, 2003). The
following basic dendroecological parameters were also measured: trunk perimeter at chest
height, trunk diameter, height and health condition. The tree ring widths were measured
digitally with analytical accuracy of thousands of mm using QGIS software (httpl.), and
subsequently data manipulation was done using TRICYCLE (Brewer et al., 2011), Tellervo
(Brewer, 2014) and PAST software (Hammer, 1995-2005, Hammer et al., 2001).
In order to describe the soil conditions of each locality soil profiles were opened and sampled
according to the Hungarian soil survey standards (MSZ 1398:1998; TIM 2005). On-site soil
description followed the guidelines of the Soil Information and Monitoring System of
Hungary (TIM 2005). Samples were collected from each genetic horizon in order to retrieve
soil physical and chemical parameters. The following soil parameters were used to describe
the soil properties of the three localities:

*  pH (H20) (Hungarian standard: MSZ-08-0206-2: 1978)

» Texture (Arany-type coefficient - Ka) (Hungarian standard: MSZ-08-0205: 1978)

+ salt content (m/m%) (Hungarian standard: MSZ-08-0206-2: 1978)

+ carbonate content (CaCOs m/m%) (Hungarian standard: MSZ-08-0206-2: 1978)

* humus content (m/m%) (Hungarian standard: MSZ-08-0452:1980)
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RESULTS AND DISCUSSION

Results of the soil examinations

As shown by the figure below (Figure 2.), the study area is relatively steep, which definitely
affects the development of soil conditions. Soil profiles opened on the upper, middle and
lower section of the slope showed different genetic horizons, with different relative depths.

BB02-BB06
avg. 492,606 m

- ﬁ

alt. 482 m
BB07-BB11
avg. 470,64 m
BBSZ-2
BB12-BB16
avg. 409,164 m
alt. 4654 m

forestry road

BBSZ-1

=

alt. 410,85 m

Fig. 2. The schematic pedological profiles of the examined slope at Papavar, Bakony Mountains
and the codes of the examined tree specimen (BB02-BB06, BB07-BB11, BB12-BB16).

All three soil profiles were classified as Luvisols (brown forest soils with clay enriched B
horizons), but at the same time, differences were observed in the macro-morphological
characteristics of the profiles due to their geomorphological position.

The morphological (Table 1.) and laboratory data (Table 2.) of the BBSZ-1 profile are
consistent with the pedological characteristics of the geographical region, namely that the
Luvisols within this microregion are silt — clayey silt textured and, despite the remnants of the
carbonate-rich bedrock, the profiles are affected by leached and lime cannot be detected in the
upper horizons. Compared to this, the BBSZ-2 profile, located in the middle of the slope, did
neither show significant differences in its morphological features (Table 2.) nor in the soil
physical and soil chemical parameters of the individual genetic soil horizons (Table 3.). The
location of the BBSZ-3 profile was marked in the upper third of the examined slope, but not
yet in a plateau position. The profile is in a partially eroded state, so the characteristics of the
Luvisols could not be observed, but in its morphological features, the developmental affinity
with the other two sections of the slope can be clearly seen.
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Table 1. Basic macro-morphological description of the soil profiles opened at Papavar, Bakony
Mountains, Hungary (used after Salata et al., 2022)

Profile | Genetic | Relative
code soil depth Texture Color CaCOs Remarks
horizon | [cm]
A 0-15 clayey silt 10YR 3/3 0 - slope upper
section
BBSZ-3 B 15-60 clay 10YR 6/3 0/+ - weathered
rock fragments
BC | 60-70 clay mixed .| Within the
profile
AO 0-2 silt 10YR 3/3 0 - slope middle
A 2-23 10YR 4/3 0 section;
E 23-28 silt 10YR 6/2 0 - rock
BBSZ-2 .
S B 28-70 silt 10YR 6/3 0 fragments in
BC | 7075 | clayeysilt 10YR 5/8 the BC
B clayey si i horizon
Ao 0-5 silt 10YR 3/3 0 - slope lower
A 5-20 10YR 4/3 0 section;
E 20-30 silt 10YR 6/2 0 - iron flecks;
BBSZ-1 B1 30-55 clayey silt 10YR 4/6 0 -rock
B2 55-80 clayey silt 10YR 6/3 0 fragments in
. . the BC
BC 80-90 clayeysilt |mixed /10YR 5/8 - horizon

Table 2. Baseline laboratory data of the soil profiles opened at Papavar, Bakony Mountains
(used after Salata et al., 2022)

Sraledel Genetic Relative Soil parameter
code sc_)ll depth Humus| pH CaCOs salt % Textur
horizon [cm] % (H20) % e (Ka)
BBSZ-3/A A 0-15| 4.70| 5.86 0| <0.02 49
BBSZ-3/B B 15-60 2.60 7.57 3.2 <0.02 55
BBSZ-2/A A 2-23| 353 472 0| <0.02 47
BBSZ-2/E E 23-28 2.36 5.38 0| <0.02 42
BBSZ-2/B B 28-70 1.75 6.09 0| <0.02 37
BBSZ-1/A A 5-20 2.26 455 0| <0.02 43
BBSZ-1/E E 20-30 1.56 5.06 0| <0.02 42
BBSZ-1/B1 B1 30-55 1.16 5.69 0| <0.02 45
BBSZ-1/B2 B> 55-80 1.11 5.80 0| <0.02 47

Results of the tree examinations

Looking at the tree ring data of the trees sampled at the three localities (Tables 3-4.), it can be
said that the age of the trees sampled on the upper part of the slope significantly exceeds that
of the trees living in the middle and bottom of the slope.
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Table 3. Dendrological data of the examined tree specimens (used after Salata et al., 2022)

ID |Perimeter | Height | Sample |Number of | Pith | Missing tree- | Estimated
[cm] [m] length tree-rings rings age
[cm]
BB2 146 21,6 34,5 108 N 5-10 110-120
BB3 133 19 26,8 151 N 5-10 155-160
BB4 156 19,4 24 152 Y 0 152-155
BB5 170 20,2 31 150 N 5-10 155-160
BB6 208 17,2 26,5 149 N 10-20 160-170
BB7 133,5 27,2 29 61 N 10-20 70-80
BB8 92,5 27,8 13,5 67 N 5-10 75-85
BB9 130 29,8 31,5 59 N 15-20 75-80
BB10 153 30,2 28,3 56 N 10-20 65-75
BB11 127 27,8 25,5 69 Y 0 69-72
BB12 168 32,8 32 71 N 5-10 75-80
BB13 168 28 et 72 N 5-10 75-80
BB14 171 30 32 73 N 5-10 75-85
BB15 148 33 34,2 69 N 5-10 75-80
BB16| 108,55 32 25,3 70 N 5-10 75-80

Since the individual trees show a relatively mixed picture as a whole, it may be worth to
examine the growth of the trees of each examined slope section by focusing on the last 50
years.

Table 4. Descriptive statistics of the tree-ring measurements (N — number of measured tree-rings)
(used after Salata et al., 2022)

STATISTICS OF TREE-RINGS ON LOCALITIES
[mm
UPPER BB02 | BB03 | BB04 | BB0O5 | BB06
N 108 151 152 150 149
Min 0,178 |0,200 |0,323 |0,369 |0,236
Max 4,219 4,047 3,908 |5,470 |5,267
Mean 1,039 1,228 |1509 |1552 |1,643
MIDDLE | BB0O7 | BB08 | BB09 | BB10 | BB11
N 61 67 59 56 69
Min 0,428 |0,296 |0,720 |0,802 |0,875
Max 6,249 |5,122 |8,146 |8,073 |8,477
Mean 2,735 11,848 [3,851 |3,539 |3,588
LOWER BB12 | BB13 | BB14 | BB15 | BB16
N 71 72 73 69 70
Min 1,647 (0,708 |0,705 0,850 |0,795
Max 7,188 |8,551 |5,289 |7,313 |4,148
Mean 4,028 (4,601 2,832 |4,105 |2,122

Figure 3 shows the growth of trees per localities in a complex way. The specimens as a group
of the upper section - adjusted to the coding of the soil profiles - was encoded as BB3, those
of the middle section as BB2, and those of the lower section as BB1. Based on the averaged
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data, it can be seen that the growth of the older trees of the upper slope section, partly due to
their age, lags behind the growth of the younger trees of the other two localities. It is also
worth mentioning that the growth of the two younger groups is much more hectic and shows
larger extreme values. However, it should be mentioned that, despite the larger differences,
there is a greater agreement between the growth of trees in the middle and lower slope
sections than between the upper and any other slope localities. In the case of all three slope
sections, a decreasing trend can be seen on the growth potential however there are some years
and periods that clearly had an impact on the entire forest stand. One of the most interesting
periods is the one between 2012 and 2014, but the period between 2008 and 2010 can also be
mentioned. It is also worth observing the 6-7 years’ period starting with the year 1993, when a
stagnation and only a slight growth can only be detected in all three slope localities

“ E
| 294

10! 2 ; = 2017 . =
Fig. 3. The distribution of the tree-ring width of the trees of given slope sections (used after
Salata et al., 2022).

CONCLUSIONS

The soil analysis of the investigated lower, middle and upper sections of the slope, as well as
the annual rings of the woody vegetation, yielded many interesting results. The profile of the
upper section is partially eroded, so the morphological features of the Luvisols in general can
only be partially observed, however its development clearly shows relation with the other two
profiles of the slope. Based on the results, it can be concluded that the height of individuals
standing on the upper part of the slope is lower than those on the middle and lower part of the
slope. Since the height of the trees in the upper section would be expected to be higher than
the others due to their older age under the same growing conditions, it can be assumed that the
height increase of the individuals is influenced by the steepness of the slope and the depth of
the available weathered soil layer. The shallower humus horizon and weathered soil stratum,
as well as the increased speed of water flow apparently significantly hinders the trees in
reaching greater heights. At the same time, it can also be observed that the tree specimens of
the upper slope section show a larger trunk perimeter, which is primarily due to their age,
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since the trees on this part of the slope are substantially 50-100 years older than the trees on
the middle and lower part of the slope.

Based on the tree rind measurement data, there are clearly identifiable years (1984, 2001 or
2013) that had an impact on the growth of the trees of the forest. The tree ring data shows a
relatively large variety, therefore it may be worthwhile to average the growth of trees
belonging to the same group (slope section). In the course of the present investigation, the
lack of growth between 2012 and 2014, which is also worth mentioning at the stock level,
became clearly identifiable with this method.

REFERENCES

Bolte, A., Czajkowski, T., Kompa, T. (2007): The north-eastern distribution range of European beech — a review.
Forestry, 80, 4, 413-429.

Brewer, P. W. (2014): Tellervo — A guide for users and developers. Laboratory of Tree-Ring Research, Tucson,
201 p.

Brewer, P. W., Murphy, D., Jansma, E. (2011): Tricycle: A Universal Conversion Tool For Digital Tree-Ring
Data. Tree-Ring Research, 67, 2, 135-144.

Grissino-Mayer, H. D. (2003): A manual and tutorial for the proper use of an increment borer. Tree-Ring
Research 59(2): 63-79.

Hammer, @. (1999-2015): PAST — PAleontological STatictics Version 3.06 Reference Manual. Natural History
Museum, University of Oslo. 225 p.

Hammer, @., Harper D.A.T., P. D. Ryan (2001): PAST — Paleontological Statistics Software Package for
Education and Data Analysis. Palaeontologia Electronica, 4, 1, 1-9.

Marosi, S., Somogyi, S. (1990): Magyarorszag kistajainak katasztere I-1l. MTA FKI, Budapest, 1024 p.

MSZ1398:1998. (1988): Talajszelvény kijelolése, feltarasa és leirdsa talajtérkép készitéséhez. Magyar
Szabvanytigyi Testiilet, Budapest, 13 p.

Salata, D., Takacs, M., Hiill, L., Pet6, A. (2022): Kozonséges biikk (Fagus sylvatica) novekedésének vizsgalata
évgylrik alapjan a Papavar deli lejtéjén (Bakony) (in Hungarian). T4jokoldgiai Lapok (in press)

TIM Modszertan (1995): Talajvédelmi Informaciés és Monitoring Rendszer 1. kotet: Modszertan.
Foldmivelésiigyi Minisztérium, Novényvédelmi és Agrar—kornyezetgazdalkodasi Féosztaly, Budapest.

httpl.: https://qgis.org/hu/site/

58


https://qgis.org/hu/site/

Electronic book
Interdisciplinary Approach in Current Hydrological Research

ODHAD NASYCENE HYDRAULICKE VODIVOSTI POMOCI
PEDOTRANSFEROVYCH FUNKCI VYUZiyAJiCH VYBRANE
METODY STROJOVEHO UCENI

Kamila Bat’kova, Svatopluk Matula, Markéta Mihalikova, Eva Hruzova, David Kwesi

Abebrese, Recep Serdar Kara, Cansu Almaz
Katedra vodnich zdrojti, Fakulta agrobiologie, potravinovych a piirodnich zdrojii, Ceska zemédglska univerzita v
Praze, Kamycka 129, 165 00, Praha 6, Ceska republika

Corresponding author: Kamila Batkova, Ceskd zemédélska univerzita v Praze, Kamycka 129, 165 00, Praha 6,
Ceska republika, batkova@af-czu.cz

ABSTRAKT

Nepiimé stanoveni nasycené hydraulické vodivosti (Ks) pomoci pedotransferovych funkci (PTF)
je znamé jiz vice nez 30 let. V této studii byly testovany dva relativné nové tvary PTF zalozené na
principu strojového uceni vyuzivajicich principti random forest a boosted regression tree, které
umoziovaly pouziti rizného poctu prediktorti. Celkem bylo zpracovano 126 datovych soubort z
13 lokalit v Ceské republice. Odhadnuté hodnoty Ks byly porovnany s odhady ziskanymi pomoci
bézné pouzivanych hierarchickych PTF implementovanych v pocitacovém programu Rosetta.
Vsechny odhady Ks byly statisticky vyhodnoceny pomoci stfedni kvadratické chyby (RMSE),
stiedni chyby (ME) a koeficientu determinace (R?) v porovnani s naméfenymi hodnotami Ks.
Vysledky potvrdily ptedpoklad, ze pii pouziti vy$siho poctu prediktord se zvysi piesnost odhadu
Ks. Kvalitni odhady s hodnotou RMSE pro log-transformovanou hodnotou Ks < 0,5 vSak byly
nalezeny pouze pro 3 z 13 zkoumanych lokalit. Jednim z moznych divodi, pro¢ testované PTF
zalozené na strojovém uceni nedosahly takto kvalitnich vysledki u vSech lokalit, mize byt
skute¢nost, ze data v jejich zdrojové ptidni databazi nepochazeji z Ceské republiky.

Klic¢ova slova: hydraulické parametry, kvalita odhadu, kombinované u¢ici metody, neuronova sit’

UvVoD

parametrit v fadé riznych geotechnickych a environmentalnich modelt (Araya and
Ghezzehei, 2019; Mbonimpa et al., 2002; Schaap et al., 2001; Tuffour et al., 2019). Ks
popisuje schopnost porti transportovat vodu vodou nasycenou pidou/horninou. Hodnota Ks je
povazovana za rozhodujici parametr pifi srazkovych, zavlahovych ¢i povodiiovych udéalostech
a tani sn¢hu, jelikoz determinuje proudéni vody, rychlost infiltrace, tvorbu povrchového
odtoku ¢i prisak do vétsich hloubek a perkolaci (Araya and Ghezzehei, 2019; Gamie and De
Smedt, 2018). Byla vyvinuta fada metod pro piimé méfeni Ks aplikovatelnych in-situ nebo
Vv laboratofi (Klute, 1986). Nicméné pro charakteristiku vétSich a/nebo heterogennich
uzemnich celkt, by bylo potieba odebrani vysokého poctu vzorki, coz by prizkum netimérné
prodrazilo. Pravé z téchto diivoda byly zavedeny tzv. pedotransferové funkce (PTF), jakoZzto
nepiimé metody stanoveni puadnich hydraulickych charakteristik véetné Ks. Bouma (1989)
ptedstavil termin ,,pedotransferové funkce* a Minasny et al. (1999) je popsal jako funkce,
které prekladaji data, kterd méame na data, kterd potfebujeme. Odhady Ks jsou zaloZeny na
snadno meéfitelnych a snadno dostupnych vlastnostech piidy nazyvanych prediktory, jako jsou
zrnitostni sloZeni (% obsah piskovych, prachovych a jilovych castic), objemova hmotnost
suché pudy a obsah organické hmoty nebo organického uhliku. Za poslednich 30 let byla
navrzena fada PTF a kvalita jejich odhadii byla hodnocena a porovnavéana predevSim pro
odhad parametri retencni kiivky; vhled do historie odhadu Ks, detailni hodnoceni
pouzivanych prediktort a statistické techniky pouzivané pro odvozeni PTF je uveden v praci
Zhanga a Schaapa (2019).
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Nedavny technicky pokrok ve vysoce vykonnych vypoctech v kombinaci se shromazd’ovanim
hydraulickych dat o pidach do rozsahlych databazi (napt. Evropska databaze pid ESDB,
Geograficka databaze pudniho prizkumu americkych ptid SSURGO) umoznily vznik daty
fizenych metod, jako je metoda strojového uc¢eni (ML z anglického Machine Learning). PTF
pro predikci Ks pomoci ¢tyi typtt ML-algoritmt publikovali Araya a Ghezzehei (2019);
modely vyuzivajici metody k-nearest neighbours, support vector regression, random forest a
boosted regression trees pro razné urovné prediktort jsou k dispozici v ramci jejich verejné
dostupné aplikace. V této praci je testovana hypotéza, ze jimi prezentované¢ PTF zalozené na
velkém mnozstvi pudnich dat (vice nez 18 000 datovych sad) jsou dostatecné robustni, aby se
S pfijatelnou pifesnosti daly aplikovat pro odhady Ks ptid i mimo zemi jejich pivodu. Kvalita
téchto odhadl byla vyhodnocena vzhledem ke zméfenym datim a také vzhledem k jiz bézné
pouzivanym odhadim zaloZzenych na metodé¢ umélé neuronové sit¢ (ANN z anglického
Artifcial Neural Network) implementovanych v programu Rosetta (Schaap et al., 2001).

MATERIAL A METODY

Data zahrnutd v této studii pochazeji ze dvou zdroji: 1) shromazdéna data v rdmci databaze
HYPRESCZ (Mihalikova et al., 2013) a ii) data pochézejici z vlastnich méfeni. Celkem bylo
zpracovano 126 datovych sad z 13 lokalit v ramci celého tuzemi Ceské republiky. Zakladni
informace o pidach jednotlivych lokalit jsou uvedeny v Tabulce 1, kde lze pozorovat
zastoupeni jednotlivych texturnich tfid podle USDA (zastoupeno je 11 z 12 texturnich tfid,
neni zastoupena ttida ,,silt* s velmi vysokym podilem prachovych castic).

Pro testované PTF jsou pouZivany nasledujici prediktory: % obsah pisku (Castice o priméru
> 0.05 mm), % obsah prachu (¢astice o praméru 0,05 — 0,002 mm), % obsah jilu (Castice o
priméru < 0,002 mm), dale pak objemova hmotnost suché piidy v g/cm?® a obsah organického
uhliku Cox v %.

Aplikace PTF App (Araya and Ghezzehei, 2019) obsahujici hodnocené modely PTF je
vytvofena v programovacim jazyku a prostfedi R (RStudio), které je urcené pro statistickou
analyzu dat a jejich grafické zobrazeni. Pro odhad hydraulickych vlastnosti pidy se ukazuji
jako vhodné algoritmy regresnich stromil, jako je algoritmus boosted regression tree (BRT) a
random forest (RF) (Araya and Ghezzehei, 2019; Gunarathna et al., 2019). Model BRT vznikl
kombinaci algoritmti rozhodovacich stromu (decision trees) a iterativni procedury boosting,
kterda ma za cil zlepSit klasifikani pfesnost daného strojového uceni tim, Ze pruzné¢ meéni
rozlozeni uc€icich dat. Rozhodovaci strom se sklada z jednotlivych rozhodovacich uzla, ze
kterych vychazi rozhodovaci nebo situacni hrany. Rozhodovaci hrany piedstavuji dostupna
feSeni dané¢ho problému, situacni hrany pak zndzoriiuji mozné disledky. BRT modely jsou
vhodné pro ,méné¢ vycisténd™ data, vykazujicimi nekonzistentnost napi. kvili riznym
metodam stanoveni, coz je praveé piipad méteni Ks. Model RF je ucici algoritmus vhodny pro
vice-ucelové klasifikaéni a regresni metody. Byl uspéSné aplikovan napf. pii feSeni
predpovédi kvality ovzdusi, pfi feSeni tloh v ekologii, bioinformatice a ekonometrii (Biau and
Scornet, 2016). RF pouziva jednotlivé rozhodovaci stromy, kde piedpovéd kazdého
pozorovani je primérem ze vSech stromtl. Stromy se uci tak, Ze hledaji vhodna vstupni data
(prediktory), kterd zajisti nejlepsi rozdéleni, pii kterém vznikd nejmensi chyba. Jednotlivé
stromy vyuZivaji tzv. bootstrapové vybery (ndhodné tréninkova data) z tréninkové mnozZiny.
Pti kazdém rozdéleni je brana v ivahu jen mald skupina prediktorovych proménnych, coz
zajistuje minimalni korelaci mezi stromy (Araya and Ghezzehei, 2019).

Hodnoty Ks byly téz odhadovany pomoci programu Rosetta (Schaap et al., 2001), ktery pro
odhad Ks vyuzivd metody umélé neuronové sité (ANN — z anglického Artificial Neural
Network). Ptehled testovanych modeld PTF, jejich oznafeni a pouzité prediktory jsou
uvedeny v Tabulce 2.
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Tabulka 1. Zakladni informace o pudach zajmovych lokalit; ¢isla v zavorkach uvadéji pocet
dostupnych datovych sad pro danou lokalitu/texturni tfidu

Objemova Rozsah
. hmotnost suché Rozsah zméfenych .
Lokalita Texturni t¥ida podle USDA . Cox Zdroj dat
zeminy pq - %) hodnot Ks
rozsah (g/cm?®) (cm/den)
, Silty clay loam (1) ) i i HYPRES
Podlesi (4) Silt loam (3) 1.48-1.59 0.2-5.0 7.8-48.2 cz
3 Loam (1) HYPRES
U dvou loucek (3) Sandy loam (2) 1.30-1.59 1.05-5.1 40.5-370.8 cz
Loam (1) Silt
Slabéice (7) loam (2) Sandy 1.01-1.89 0.46-2.79  0.3-388 HYgEES
loam (4)
Dibanov (4) Silt loam (4) 1.45-1.62 0150  56-224 HYgEES
Clay loam (1)
Zichlinek (4) Silty clay loam (1) 138-174 0250  25-754  HYPRES
. Cz
Silt loam (2)
Loam (5)
Ledenice (8) Silt loam (2) 115-1.79  03-336  01-21.9  HYPRES
Ccz
Sandy loam (1)
Clay loam (7)
Sandy clay loam (3) ) i i HYPRES
Cep (15) Loam (3) 1.39-1.75 0.1-294  0.1-158.2 Cr
Sandy loam (2)
Silt loam (2)
Mimoi (9) Loamy sand (4) 104141  047-180 121.0-699.8 HYggES
Sand (3)
Clay loam (1)
Zdarky (12) Silty clay loam (7) 1.43-1.70 014203 300-5500 YPRES
. cz
Silt loam (4)
Clay (2)
Clay loam (6)
- Loam (4) HYPRES
Majetin (15) Sandy loam (1) 1.18-1.70 0.3-4.5 0.1-37.7 Cy
Silt loam (1)
Silty clay (1)
Clay (1)
Clay loam (1)
Stragov (21) Sandy clay loam (12) 122-174 048331  1.0-964 Vlastni
Sandy loam (3) méfeni
Loamy sand (2)
Sand (2)
Ruzyné (12) Silty clay loam (6) - Silt 113136 1.05-1.87 102-12612  viastni
loam (6) méfeni
Uhercice (12) Silty clay (4) Sty 113445  120-185 03-5245  Vlastni
clay loam (8) méfeni
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Tabulka 2. Pi‘ehled testovanych modeld PTF a jejich prediktory

PTF model Prediktory Reference

BRT 3-0 % pisku, % prachu, % jilu Araya and Ghezzehei (2019)
BRT 3-1 % pisku, % prachu, % jilu, pg (g/cmd) Araya and Ghezzehei (2019)
BRT 3-2 % pisku, % prachu, % jilu, pg (g/cm®), Cox (%) Araya and Ghezzehei (2019)
RF 3-0 % pisku, % prachu, % jilu Araya and Ghezzehei (2019)
RF 3-1 % pisku, % prachu, % jilu, ps (g/cmd) Araya and Ghezzehei (2019)
RF 3-2 % pisku, % prachu, % jilu, pq (g/cm?), Cox (%) Araya and Ghezzehei (2019)
Rosetta-SSC % pisku, % prachu, % jilu Schaap et al. (2001)
Rosetta-SSC+BD % pisku, % prachu, % jilu, p4 (g/cm®) Schaap et al. (2001)

Poznamka: pi = objemova hmotnost suché puidy, Cox = obsah organického uhliku

Kvalita odhadu Ks je stanovena na zaklad¢ porovnani se zmétenymi udaji. Vzhledem ke
skute¢nosti, ze Ks nevykazuje normalni rozdéleni, veskeré statistické hodnoceni je zalozeno
na log-transformovanych hodnotach Ks (log = dekadicky logaritmus). Pfi pouziti log-
transformovanych hodnot Ks jsou pak vysledné statistiky bezrozmérné (Toth et al., 2015).
Stfedni chyba odhadu (ME, rov. 1), stfedni kvadratickd chyba odhadu (RMSE, rov. 2) a
koeficient determinace (R?, rov. 3) jsou b&zné pouzivany pii vyhodnocovani piesnosti odhadii
pomoci PTF (Nemes et al., 2003; Lilly et al., 2008; T6th et al., 2015). Hodnoceni a uréeni
poradi testovanych modeld je provedeno na zéklad¢ hodnot RMSE, kdy nejkvalitnéjs$i odhad

v

v

korelacnich grafti.

ME = -3, (y, - x,) (1)
Il
RMSE = ,'qllg E:zzl(xi_ }’ij: 2
n e — T oL
R: — ”E[:'Il:—’L E|_:";fl E|_:'-"‘l (3)

1\JII[” Lia ¥ ':E?z'_'rl'jz] [” Lima ¥~ ':EEI:'_}T:I:]

kde Xi jsou zméfené hodnoty Ks, yi jsou odhadnuté hodnoty Ks, a pismenem n je oznacen
pocet dvojic dat Xi Yi.

VYSLEDKY A DISKUZE

Vzhledem k tomu, ze naméfené hodnoty Ks vykazovaly zna¢nou variabilitu, a to nejen mezi
lokalitami, ale také v ramci nékterych jednotlivych lokalit, je na boxplotech (Obr. 1) mozno
pozorovat i zna¢ny rozptyl odhadovanych hodnot Ks. V ramci boxplotu je mozno sledovat
velikost ,,boxu®, tedy rozsah hodnot mezi 1. a 3. kvartilem (tj. 25-75% dat), horizontalni
useCku pulici box (median) a kiizek, kterym je vyznacena primérnd hodnota Ks. Variabilitu
Ks dat pod 1. a nad 3. kvartilem vyjadiuji tzv. vousy a odlehlé hodnoty jsou vykresleny jako
samostatné body.
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Obr. 2. Grafické porovnani zméFenych a odhadnutych hodnot Ks pro jednotlivé lokality v CR.

Pomérné kvalitni odhady Ks byly pozorovany pro lokality StraSov, Mimo#, Zichlinek,
Dzbénov a U dvou loucek, kde priméry odhadl se pfili§ neliSily od priméru méfenych
hodnot. Korela¢ni grafy zobrazujici pfesnost jednotlivych odhadii Ks jsou uvedeny na Obr. 2.
Jsou zde proti sobé vynesené zmétené a odhadnuté hodnoty; velmi ptesné a kvalitni odhady
jsou pak umistény v blizkosti indikované kiivky 1:1. Pfi naprosté shod¢ by zobrazeny bod
lezel piimo na dané kiivce. Kvalitni odhad Ks byl zaznamenén pro lokalitu Zichlinek (Obr. 2;
R%2 = 0,740), Dzbanov (Obr. 2; R?> = 0,569), ale i Straov, kde hodnota koeficientu
determinace R? byla pouze 0,311. Oproti tomu pro lokalitu Ledenice byl koeficient
determinace vy$§i nez pro lokalitu Strasov (R? = 0,388) a piesto zde odhadnuté hodnoty Ks
byly vyznamné systematicky nadhodnoceny. Nadhodnoceni odhadované hodnoty Ks
konkrétnim typem pouzité PTF je indikovan kladnymi hodnotami ME (Tab. 3) a pozici pod
kiivkou 1:1 na korelaénim grafu (Obr. 2). Obdobné, u lokality Mimon byl zaznamenan nizky
koeficient determinace (R? = 0,150) a piesto jsou odhady pomémé kvalitni s nizkymi
hodnotami RMSE (Tab. 4), Z tohoto duvodu bylo pro uréeni pofadi pouzitych PTF pouzito
charakteristiky RMSE, ktera jednozna¢né urcuje primérnou odchylku odhadovanych dat od
dat zmétenych. Prehled hodnot RMSE pro jednotlivé typy PTF pro vSech 13 lokalit je uveden
v Tab. 4 a poradi jednotlivych PTF funkci pak v Tab. 5.
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Obr. 2. Korela¢ni grafy pro zméFené a odhadnuté hodnoty Ks pro jednotlivé lokality v CR.

Tabulka 3. P¥ehled kvality odhadii Ks pomoci testovanych PTF pro jednotlivé lokality v CR na

zakladé ME
Pouzita PTF

Rosetta Rosetta
L okalita BRT 3-0 BRT3-1 BRT3-2 RF 3-0 RF3-1 RF3-2 sSC SSC+BD
Podlesi 0.796 0.139 0.171 0.534 -0.097  -0.177 -0.131 -0.444
U dvou loucek 0.025 0.134 0.239 -0.181 -0.109  -0.002 -0.515 -0.075
Slabéice 1.637 1.599 1.627 1.351 1.479 1.477 1.133 1.484
DzZbanov 0.949 0.420 0.370 0.727 0.193 0.125 0.085 -0.265
Zichlinek 0.501 0.071 0.081 0.299 -0.065 -0.042 -0.027 -0.483
Ledenice 1.996 1.647 1.681 1.974 1.574 1.536 1.325 1.220
Cep 0.849 0.664 0.705 0.945 0.857 0.849 0.947 0.722
Mimon -0.082 0.088 0.410 -0.102 0.101 0.160 -0.226 -0.008
Zd’érky 0.203 -0.921 -1.063 -0.494 -1.087 -1.103 -1.030 -1.558
Majetin 1.223 0.929 0.966 1.144 0.941 0.876 0.951 0.918
Strasov -0.405 -0.403 -0.221 -0.378 -0.241 -0.041 -0.174 0.086
Ruzyné -0.833 -1.466 -1.099 -1.274 -1.642  -1.350 -1.229 -0.371
Uher¢ice 1.340 0.452 0.527 0.945 0.133 0.295 0.354 0.445

hodnoté je uvedena zvyraznéna cervené
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Tabulka 4. P¥ehled kvality odhadi Ks pomoci testovanych PTF pro jednotlivé lokality v CR na
zakladé hodnot RMSE

Pouzita PTF

BRT3-0 BRT3-1 BRT3-2 RF3-0 RF3-1 RF3-p Rosetta  Rosetta

Lokalita SSC SSC+BD
Podlesi 0.869 0403 0333 0568 0296 0306 0276  0.508
Udvouloutek 0827 1085 0956  0.774 0683 0657 0676  0.679
Slabtice 1862 1985 1994 1617 1746 1694 1272 1676
Dzbénov 0993 0524 0385 0767 0221 0162 0234  0.350
Zichlinek 0633 035 0262 0483 0249 0299 0466 0529
Ledenice 2316 1880 1868 2340 1767 1698 1560  1.368
Cep 1461 1092 1079 1352 1271 1243 1207 1,077
Mimoii 0.369 0387 0610 0360 0406 0473  0.604  0.586
Zdvirky 0655 1016 1133 0688 1144 1148 1082 1578
Majetin 1893 1437 1497 1614 1387 1310 1280  1.253
Strasov 0978 0961 0872 0803 0720 0665 0.662  0.595
Ruzyng 1484 1693 1356 1545 1779 1488 1367  0.700
Uhertice 1852 1320 1430 1486 1109 1202 1130 1,053
Primér 1246 1,087 1060 1107 0983 0949 0916 0,919

v

LRA4

srovnani s originalni publikaci testovanych PTF zaloZenych na principu strojového uceni
(BRT a RF) lze usuzovat na podprimémé vysledky; 50 hodnot RMSE pro log-
transformované hodnoty Ks v cm/den z celkovych 78 je > 0,7, coz je hodnota uvadéna autory
(Araya and Ghezzehei, 2019). T6th et al. (2015) udavaji vysledné RMSE v rozsahu 0,9 — 1,36
(pro log Ks v cm/den), coz je srovnatelné s vétSinou odhadi BRT a RF pouzitych v této studii
(jen 25 z celkovych 78 RMSE > 1.36). Vysledky jsou srovnatelné i s vysledky studie, kterou
publikovali Lilly et al. (2008), kde bylo dosazeno hodnot RMSE v rozmezi od 0,83 do 1,14
(pro log Ks v cm/den). Pfi porovnavani s jinymi studiemi je tieba vzit v ivahu variabilitu
nametfenych hodnot a jejich rozsah, ktery se v odhadech miize nebo nemusi nutné promitnout.
Napt. v lokalit¢ Ruzyné jsou jen 2 pudni typy a vzhledem k pouziti odlisného orebniho
systému je rozsah naméfenych hodnot Ks od 10 do 1200 cm/den. Obecné tato studie potvrdila
ptedpoklad, Ze se zvySujicim poctem prediktort roste kvalita odhadu PTF zaloZenych na
strojovém uceni (RMSE hodnoty pro RF3-2 < RF-31< BRT 3-2 < BRT 3-1). Pfestoze metody
strojového uceni jsou pomérné slibné, vysledky neptfekonaly odhady ziskané pomoci
programu Rosetta (Schaap et al.,, 2001) vyuzivajici metody ANN. Celkem piekvapivé
nejpresnéjSi odhady poskytl model Rosetta SSC o pouze jeden bod v umisténi pfed Rosetta
SSC+BD (primérné hodnoty RMSE pro vSech 13 lokalit dosdhly hodnot 0,916 a 0,919).
Vzhledem k faktu, Ze zrnitostni sloZeni pudy, pro kterou je Ks odhadovana, patii mezi
zakladni prediktory, byla kvalita odhadu diskutovanych PTF aplikovanych na piidy pouzité
Vv této studii vyhodnocena také z pohledu seskupenych zrnitostnich tiid. Vysledky tohoto
vyhodnoceni jsou prezentovany v publikaci Batkova et al. (2022).
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Tabulka 5. P¥ehled kvality odhadii Ks pomoci testovanych PTF pro jednotlivé lokality v CR na
zakladé poradi podle RMSE

Pouzita PTF

BRT3-0 BRT3-1 BRT3-2 RF3-0 RF3-1 RF3-p Roseta  Rosetta

Lokalita SSC SSC+BD
Podlesi 8 5 4 7 2 3 1 6
U dvou loucek 6 8 7 5 4 1 2 3
Slab¢ice 6 7 8 2 5 4 1 3
Dzbanov 8 6 5 7 2 1 3 4
Zichlinek 8 4 2 6 1 3 5 7
Ledenice 7 6 5 8 4 3 2 1
Cep 8 3 2 7 5 4 6 1
Mimon 2 3 8 1 4 5 7 6
Zdarky 1 3 5 2 6 7 4 8
Majetin 8 5 6 7 4 3 2 1
Strasov 8 7 6 5 4 3 2 1
Ruzyné 4 7 2 6 8 5 3 1
Uher¢ice 8 5 6 7 2 3 4 1
Suma 82 69 66 70 51 45 42 43
Celkové poradi 8 6 5 7 4 3 1 2

vy

sumou jednotlivych poradi je zvyraznéno Cervené a tucné
ZAVER

Prestoze PTF zalozené na strojovém uceni a odvozené na zakladé velkého poctu dat pro pady
USA (Araya and Ghezzehei, 2019) se jevi jako dostatetné robustni, aby byly obecné
pouzitelné i pro piidy mimo USA, vysledky pro 13 lokalit v CR vykazuji spise podprimérné
vysledky. Testované PTF poskytly kvalitn€j$i odhady, pokud byly mezi zakladni vstupni
prediktory (% obsah pisku, prachu a jilu) také informace o objemové hmotnosti suché pidy
(g/cm®) a % obsah organického uhliku. Nejkvalitn&jsi odhady z modeld PTF vyuzivajici
strojové uceni poskytl model BRT 3-2, jehoz vysledky byly srovnatelné s odhady ziskanymi
pomoci ANN implementovanych v programu Rosetta (Schaap et al., 2001) a s vysledky
puvodni studie Araya a Ghezzehei (2019). Ostatni modely BRT a RF poskytovaly odhady
s niz8i piesnosti. Metody odhadu Ks naddle ziistavaji vyzvou, které je tieba vzhledem k
dilezitosti tohoto parametru, vénovat pozornost. Pouziti lokalni databaze s informacemi o
pudéch v dané lokalité¢/zemi ptivodu v ramci zdrojovych dat pro metody strojového uceni, by
mohlo ptispét ke zlepSeni kvality odhad.
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ABSTRACT

Wild boar is considered one of the ecosystem engineer species. Their presence in high numbers is
assuming significant effects in many of the forested areas. In the recent paper, the thickness of the
soil horizons of the rooting was examined in order to evaluate the possible effects of wild boar on
water retention. Five rooting were investigated by the Piirckhauer type core sampler. The middle
and the ring of the so-called deep rooting were described and the values were related to the nearby
unrooted areas. The thickness of the humus-rich A horizon was between 13 and 37 cm in the
centre of the rooting, 22 and 62 cm in the ring of the rooting while 18 and 36 cm in the control
areas. The thicker humus layer of the ring means bigger water-holding capacities while the deeper
centre of the rooting functions as a water reservoir. Both parameters increase the possibility of the
water holding and decrease the runoff. Furthermore, knowing the number of rooting on a hectare
gives a possibility for the calculation of the wild boar effects on a larger area and thus further
evaluation of this species’ overall effects on natural areas.

Keywords: water holding, water reservoir, reduction of runoff erosion, retention, nature
conservation

INTRODUCTION

Land use management is of utmost importance not only for its direct users (landowners,
farmers, hunters, rangers, other users, and wildlife) (Penksza et al., 2016) but also from an
overall ecosystem perspective, since the functioning and dynamics of organic and inorganic
components define a multitude of parameters at varying ranges (Ballari & Barrios-Garcia,
2014). Such is the case of the soil characteristics of the land, and its water retention potential.
Currently, in grasslands and forested areas in Hungary, the wild boar (Sus scrofa) poses a
considerable source of disturbance to soil properties, due to its rooting behaviour (Katona &
Heltai, 2018). These activities have caused a spike in human-wildlife conflicts, given their
impact on soil productivity, biodiversity, ecosystem composition, and water dynamics in the
areas affected. Moreover, the demographic explosion of the wild boar population even in its
native range added further complexity to its management (Fehér et al., 2014).

There were very little literature data available about the soil properties of the rooting
(Alkhasova and Katona, 2021, Pitta-Osses et al. 2022).

Our aim was to better understand the impact of wild boar on soil characteristics in a forested
area in Hungary, by evaluating the preliminary results of soil profile analyses performed on
rooted and intact plots in a forest affected by sedimentation. In the recent paper, the thickness
of the soil horizons of the rooting was examined in order to evaluate the possible effects of
wild boar on water retention (deep rooting can withhold more water than a plain surface). We
hypothesized that the topsoil (A) and the related humus-rich transitional horizon (AB) are
significantly thicker in the external part of each rooting, whereas the middle of the rooted
areas has a higher content of parent rock (C).
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METHODS AND DATA

The study was carried out in the Babat Valley, a part of the G6dollé Hillside Landscape
Protection District, and part of the Natura 2000 network. It is located in G6doll6, Pest County,
Hungary (47°36'56.61"N, 19°22'50.40"E). The study area (categorized by the Hungarian
Agricultural Identification System (Mez6gazdasagi Parcella Azonositdé Rendszer - MePAR)
as Q65K9-8-16 (block number), as seen in Figure 1) comprises 40 ha of mixed broadleaved
coniferous and deciduous forest (EEA, 2006) with eroded areas.
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Fig. 1. Study area in the Babat Valley, Godollo.

The mean temperature in that zone ranges between 15°C and 26.5°C during the summer and -
4°C and 1.2°C during the winter. The yearly average rainfall is 49.4 mm, with the highest
rainfall in June (69.8 mm) and the lowest rainfall in February (36.7 mm). The construction of
a highway next to the study area has increased the already pre-existing tendency of water
erosion to move sediments along the slope. Some containment structures have been installed
to try to slow down the process, but it is evident that it continues to occur.

Location of sampling points

Soil sampling was performed with a Piirckhauer type soil probe (core diameter: 30 mm) in 5
wild boars rooting at up to 1 m depth, with 3 repetitions per wild boar disturbed patch
(rooting, ring, and control, Figure 2), at a depth of 100cm in August 26", 2020. The in-situ
evaluation of the core sample included the visual identification of the soil horizon thickness
(in cm); colour and texture; as well as a test for lime with 10% hydrochloric acid (Fehér et al.,
2022).
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Fig 2. Sample distribution in each wild boar disturbance.
The thickness of the horizons was statistically evaluated in function of the 3 locations, using
descriptive statistics. 15 soil profiles were obtained out of 5 rooting (3 samples per rooting,
corresponding to rooting, ring, and control).
RESULTS AND DISCUSSION

The evaluation of each sample was done in the field, following the same format as that shown
in Table 1.

Table 1. Description of soil horizons in rooting no. 1.

Sample type Soil horizon Depth (cm) Color Texture Observations
A 0-26 Grayish brown  Sandy loam React ith acid in A hori
. eaction with acid in orizon,
Rooting AB 26-68 Mlxefi Sandy loam CaCOjs (+). Higher reaction in C
68-91 Reddish Loamy sand horizon, CaCOs (+++)
C 91-100 White Sand (fine)
A 0-39 Gray-brown Sandy loam
Rin AB 3071 Mi yd S dyl No reaction with acid, lack of
g - - ixe andy loam CaCOs
B 71-100 Reddish Sandy loam
A 0-36 Dark brown Sandy loam Hiah ’ ith id in C
igh reaction with acid in
Control B 36-86 Red Sandy loam horizon, CaCOs (+++)
C 86-100 White Sand

In the control sample, the hummus-rich A horizon had a thickness of 36 cm, higher than that
of the rooting but slightly smaller than the thickness in the ring. The highest amount of
disturbance is visible in the rooting, with the mixing of A and B horizons, and even reaching
the C horizon (parent rock). As expected, the C horizon was only reached in one of the ring
samples. The soil distribution due to wild boar disturbance could henceforth be creating pits
in which water can be accumulated, or can even serve as traps for sediments, given the
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erosion processes currently ongoing in the Babat Valley, noted also by the presence of sandy-
rich horizons.

Statistical analysis
The thickness of all horizons identified in each core sample is presented in Table 2.

Table 2. Average minimum and maximum distance from the top (cm) of soil horizons in
different locations.

Sample type Soil horizon Avg_min Avg_max
A 4.67<14.18  30.67+12.94
Rooting AB 31.20£14.12  58.60+19.56
53.5+£21.29 83.83+£14.96
C 81.8+5.84 97.2+5.6
A 13.71+£24.93 49.29+24.94
AB 39.5+12.74  70.25+£19.95
Ring B 66.33+3.68 96.33+5.19
BC 66.5+22.5 81+19
A 8.71+21.35 34.86+17.03
AB 28+8.64 56.67+12.97
B 63.17+£16.07 97.67+£5.22
Control BC 47+0 74+8
C 52+34 80.5+19.5

It was expected to find a thicker hummus-rich layer in the ring samples, given that the topsoil
is removed from the middle of the rooting towards the edges, and to find a thicker C horizon
inside the rooting, given that the distance to reach the parent rock is lower if the topsoil has
been removed.

However, the results do not follow that pattern completely: the control samples follow the
expected order of horizons, with only the BC horizon transition zone found at variable depths.
It is worth noting that the B horizon in the control samples (i.e., those without any wild boar
disturbance) can be found at a higher depth in all the locations, thus implying a previous
mixing of the horizons B and C, presumably due to the sedimentation and erosion processes
currently developing in the area.

Nonetheless, the hypothesis related to the thickness of hummus-rich layers being higher in the
ring was found to be true, with AB and B horizons reaching up to 70.25£19.95 and
96,334+5.19cm, respectively. However, those depths are not too far from those found in the
rooting and in the control samples.

CONCLUSIONS

The thickness of the hummus-rich horizons is an acceptable indicator of water retention
potential. In the Babat Valley, where current erosion processes are affecting the composition
and arrangement of the soil horizons, the wild boar rooting is not significantly altering the
soil’s physical properties. Further analyses are required to evaluate the potential alteration of
the biochemical characteristics of the soil due to wild boar bio-disturbance. It is possible to
assert that the disturbance in the soil by wild boar is not creating a significant impact on the
soil horizons, and by extension, neither in the water retention potential of the soil. However,
the middle of the deep rooting has a big potential to store the precipitation and leave enough
time for infiltration instead of runoff.
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ABSTRACT

In connection with changes in the atmosphere, the periodicity of the occurrence of extreme
hydrological situations has been increasing in recent years. In the natural conditions of Slovakia,
periods without rain are lengthening and the incidence of precipitation of extreme intensity and
abundance is increasing. Hydrological extremes are generally manifested in the form of floods and
droughts. The increased incidence of drought is a new phenomenon in our latitudes. Drought
basically means a lack of water in the soil, plants and in the atmosphere. Uniform criteria for
quantitative definitions of drought do not exist with regard to the diverse approaches —
meteorological, hydrological, agricultural, bioclimatic and a number of others. Soil drought is
a phenomenon of the soil aeration zone, which is a source of water for the biosphere. From
a systemic point of view, the atmosphere — plant cover — soil aeration zone — groundwater level
(AT-PK-SAZ-GWL) is part of the system. Thus, all hydrological processes take place between
the groundwater at its lower limit and the plant cover and atmosphere at the upper limit of
the aeration zone. With its large retention capacity and hydrophysical properties, it is crucial for
the water cycle, and its transformational effects decisively affect the speed and direction of water
movement in the system. It follows from the above that the moisture condition of the soil in
the aeration zone is the result of interaction processes of the aeration zone with the surrounding
subsystems, while the intensity of these interactions depends on the hydrophysical properties of
the soil. The East Slovakian Lowland is characterized by heavy, clayey and loamy soils.
The growing season of 2022 ranks among the driest seasons. The article contains an analysis of
the moisture regime in the unsaturated zone of the soil environment during the 2022 growing
season.

Keywords: soil drought, unsaturated zone, volumetric soil moisture

UvVoD

Sucho v podstate znamena nedostatok vody v pdde, rastlinach a v atmosfére. Jednotné kritéria
pre kvantitativne vymedzenia sucha neexistuji. Tie su ur€ené rozmanitymi pristupovymi
hl'adiskami — meteorologickymi, hydrologickymi, pol'nohospodarskymi, bioklimatickymi a
celym radom d’alSich. Podne sucho je fenoménom zoény aerédcie pody, ktord je zdrojom vody
pre biosféru. Zo systémového hl'adiska je stiCastou systému atmosféra — rastlinny kryt — zona
aeracie pody — hladina podzemnej vody (AT-RK—ZAP-HPV) (Soltész a Barokova, 2011;
Cervenanska a kol., 2018; Cervetianska a kol., 2016).

Autori prispevku vychadzaju z predpokladu, Ze retencnéd kapacita pody a dostupnost’ podne;j
vody pre rastliny je v r6znych pddnych druhoch rézna. Pre postidenie zasoby vody dostupne;j
pre rastlinny kryt sa pouzivaja charakteristické body vlhkostnej reten¢nej krivky. Bezne je to
bod véddnutia (WP) predstavujici hodnotu pF = 4,18, bod znizenej dostupnosti (TP)
predstavujuci hodnotu pF = 3,3 a pol'nd vodna kapacita (FWC) predstavujica hodnotu pF =
2,0 az 2,7. Vlhkost pody na urovni FWC je tvorena vodou, ktora v pdde ostane po odteceni
gravitanej vody. Bod zniZenej dostupnosti je charakterizovany vlhkostou, pri ktorej pddna
voda zaCina byt pre rastlinny kryt nedostupna. Biologicka aktivita rastlin sa znizuje a je
orientovana na prezitie. Pri bode vidnutia st rastliny nedostato¢ne zdsobované vodou a hynu.
Tieto skutoCnosti sa odrazaji aj na vysledkoch monitoringu vlhkostného rezimu. Su
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signifikantné pri $tatistickej a grafickej interpretacii vysledkov (Tall a Gombog, 2013; Surda a
Vitkova, 2016).

Cielom prispevku je kvantifikovat rozdielne vysledky monitoringu objemovej vlhkosti
a zasob vody v réznych pddnych druhoch v extrémne suchom vegetaénom obdobi roku 2022.
V ramci tejto kvantifikdcie boli analyzované zasoby podnej vody, rozloZenie objemovej
vlhkosti po vertikdle pddneho profilu, Casové a priestorové zmeny vlhkostného rezimu
a dostupnost’ pddnej vody pre rastlinny kryt vztiahnuta k hydrolimitom.

METODIKA

Pre prezentaciu rozdielov boli vybrané vysledky monitoringu objemovych vlhkosti v troch
lokalitach Vychodoslovenskej niziny (VSN). Su to lokality Milhostov, Senné a Vysoka nad
Uhom. Ich situovanie je uvedené na obr. 1. Monitoring bol realizovany do hibky 1,0 m po
vrstvach 0,1 m. Analyzované vysledky monitoringu spadaji do teplého (vegetacného) polroku
mesiacov april aZ september. Vo vSetkych troch lokalitach boli odbery podnych vzoriek
realizované v ten isty deil. Pre prezenticiu vysledkov monitoringu bolo vybrané vegetaéné
obdobie roku 2022. V tomto vegetatnom obdobi bol v lokalite Milhostov zrazkovy uhrn
295,4 mm ¢o v 53 ro¢nom rade merani predstavuje 13 % pravdepodobnost’ vyskytu. V tejto
suvislosti je potrebné uviest’, ze 47,5 % (140,2 mm) celovegetaéného thrnu zrazok vypadlo
na konci vegetacnej sezony v mesiaci september obr. 2. Tato skuto¢nost mala dopady na
zasoby vody v pdode a vegetatné obdobie roku 2022 sa radi k absolitne najsuchsim od roku
1970.

Z pédneho hladiska v lokalite Senné prevladaju ilovité pdédy (obr. 3), v Milhostove
prachovito-ilovito-hlinité pody (obr. 4) a v lokalite Vysoka nad Uhom prachovito hlinité pody
(obr. 5). Vlhkosti boli stanovené gravimetrickou metéodou. V d’alSom postupe prac boli
ziskané vysledky spracované metédami popisnej Statistiky a grafickymi metédami vo forme
chronoizoplet, a ¢iarovych grafov.
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Obr. 1. Situovanie skimanych lokalit.
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Obr. 2. Mesaé¢né tihrny zrazok vo vegetacnom obdobi roku 2022 v lokalite Milhostov.
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Obr. 5. Identifika¢ny trojuholnik pod podl’a USDA, lokalita Vysoka nad Uhom.
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VYSLEDKY A DISKUSIA

V tab. 1 st uvedené priemerné retenéné charakteristiky odbernych profilov do hibky 1,00 m.
Z tab. 1 vyplyva, ze vyuziteI'na vodna kapacita (FWC — WP) ma rozsah v intervale medzi 140
az 200 mm. Najvicsiu retencnu kapacitu ma ilovity podny profil v Sennom. Sucasne je to
profil s najmenSou dostupnostou vody pre rastlinny kryt. Najdostupnejsia voda pre rastliny je
vV pddnom profile Milhostov. Najmensia reten¢na kapacita je v prachovito-hlinitom pédnom
profile Vysoka nad Uhom. Rovnako st zjavné retencné rozdiely vyjadrené formou WP, TP,
FWC v jednotlivych lokalitach.

Tabulka 1. Reten¢né charakteristiky
Hydrolimits [mm)]

locality

WP TP FWC
Senné 320 480 520
Milhostov 230 310 420
Vysoka nad Uhom 240 310 380

V tab. 2 su uvedené charakteristiky popisnej Statistiky zasob vody v jednotlivych profiloch do
hibky 1,0 m. Priemerna hodnota zsoby vody do 1 m je v lokalitich Senné a Milhostov pod
bodom znizenej dostupnosti. V tychto profiloch je rozdelenie hodn6t v nameranom subore
vzhl'adom k normélovému plochejSie. Profil Vysoka nad Uhom sa vlhkostne nachadza
vV optimalnom intervale medzi TP a FWC. Rozdelenie je SpicatejSie. Podny profil sa nachadza
Vv pririeénej zone rieky Uh. Tato cez hladinu podzemnej vody zrejme nadlepSuje aj zdsoby
vody Vv nenasytenej zone. Vo vsetkych troch monitorovanych profiloch nie je priemer totozny
s medidnom.

Tabulka 2. Statistické charakteristiky

Locality Senné Milhostov ~ Vysoka n/U.
Mean 472,4 304,7 358,2
Standard Error 11,8 10,6 9,0
Median 481,6 286,5 366,6
Standard Deviation 57,9 51,8 43,2
Sample Variance 3347,8 2683,9 1867,4
Kurtosis -1,3 -1,6 0,1
Skewness -0,2 0,3 -0,8
Range 169,8 142,6 155,7
Minimum 380,0 240,0 264,0
Maximum 549,8 382,6 419,7
Sum 11338,7 7313,3 8239,6
Count 24 24 23
Confidence Level (95,0 %) 24,4 21,9 18,7

Na obr. 6, 7, a 8 su v skimanych lokalitach uvedené priebehy merani objemovej vlhkosti po
vertikdle pddneho profilu. VsSetky priebehy boli merané vten isty dent za rovnakych
hydrometeorologickych podmienok.

77



Electronic book
Interdisciplinary Approach in Current Hydrological Research

0
-10 A\ :
20 AN \
N
-30 m

Depth [cm]
¢
o

Senné <
-90

10 20 30 40 50 60
Volumetric soil moisture [%]

—Envelope Curve - =Average

Obr. 6. Priebeh objemovej vlhkosti po vertikale podnych profilov do 1,0 m po vrstvach 0,1 m —
lokalita Senné.
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Obr. 7. Priebeh objemovej vlhkosti po vertikale podnych profilov do 1,0 m po vrstvach 0,1 m —
lokalita Milhostov.
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Obr. 8. Priebeh objemovej vlhkosti po vertikale podnych profilov do 1,0 m po vrstvach 0,1 m —
lokalita Vysoka nad Uhom.

Uvedené zobrazenie vystizne ukazuje variabilitu vlhkosti v ¢ase a priestore Vv réznych
pddnych prostrediach. Na okrajoch jednotlivych zobrazeni boli zostrojené obalové krivky.
Tieto po vertikale pddneho profilu udavaju variacné rozpitie objemovej vlhkosti. Stredom
zobrazenia prechadza hrubd cervena Ciara zobrazujuca priemerné hodnoty objemovej
vlhkosti. Miera posunu priebehov vlhkosti, ich obalovych kriviek a priemernych hodnoét na
vlhkostnej osi je dand hydrofyzikalnymi vlastnostami pddy. Z obrazku 6 vyplyva, Ze v tazke;j,
ilovitej pode sa obalové krivky smerom do hibky k sebe priblizuju. To znadi, Ze variabilita
vlhkosti sa znizuje ale obsah vody v pode stupa. LahSie pddy v Milhostove su po vertikale
rovnomerne presusované v celom skimanom profile (obr. 7). V pddnom profile Vysoka nad
Uhom v spodnych podnych horizontoch sa pravdepodobne prejavuje vplyv podzemnych vod
a tym nepriamo rieky Uh (obr. 8).

Velmi efektivnou zobrazovacou metédou je zobrazenie monitorovanych veli¢in pomocou
izo¢iar (izolinie, izoplety). Izo&iara je z fyzikalneho hladiska definovana ako Giara, pozdiz
ktorej ma zvolena skalarna fyzikalna veli¢ina rovnakd hodnotu. Nazov izo€iary zavisi od toho
aku veli¢inu zobrazuje. Izogiary, pozdiZ ktorych je v pddnom profile v roznych &asoch
rovnakd vlhkost, sa nazyvaji chronoizoplety. Formou chronoizoplet je ziskany obraz
0 ¢asovom vyvoji vlhkosti v pddnom profile.

Touto metddou su na obr. 9, 10 a 11 zobrazené priebehy objemovej vlhkosti v skimanych
profiloch pocas vegetacného obdobia roku 2022. Na obrazku su jednotlivé vlhkostné trovne
rozliSené aj farebne. Z uvedenych zobrazeni je zrejmy odlisny vlhkostny rezim v réznych
podnych prostrediach. V lokalite Senné bol pddny profil presusovany do hibky 0,60 m.
V l'ah$om pddnom profile Milhostov bolo presusovanie v celom profile. V lokalite Vysoka
nad
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Obr. 9. Izociary priebehov vlhkosti v skimanych profiloch, (chronoizoplety), lokalita Senné.
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Obr. 10. Izociary priebehov vlhkosti v skimanych profiloch, (chronoizoplety), lokalita
Milhostov.
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Obr. 11. Izo¢iary priebehov vlhkosti v skimanych profiloch, (chronoizoplety), lokalita Vysoka
nad Uhom.
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Uhom boli presuSované iba horné pddne horizonty. Dolné pédne horizonty zacinali vysychat’
az na prelome augusta a septembra. Vo vsetkych troch pddnych profiloch sa vyrazne prejavili
vyznamné zrazky v septembri.

Informacnéd hodnota uvedeného zobrazenia sa zvysi, ak st hranice vlhkostnych intervalov
medzi chronoizopletami dané hydrolimitami. Tym sa ziska aj predstava o dostupnosti vody
pre rastlinny kryt. Na obr. 12, 13 a 14 st chronoizoplety uréené hydrolimitami FWC, TP
aWP (tab. 1). Zuvedenych zobrazeni je zrejmé, ze v lokalite Senné boli horné pddne
horizonty asi 2,5 mesiaca vo vlhkostnom stave medzi pod bodom vidnutia. Tomu zodpovedal
aj travny porast, ktory bol suchy. Spodné podne horizonty postupne vysychali. Podny profil
na konci augusta bol vo vlhkostnom profile (TP, WP) az do hibky takmer jedného metra.
V T'ah$om pddnom profile v lokalite Milhostov v mesiaci august bol cely monitorovany podny
profil do hibky 1,00 m presuseny na vlhkostny stav medzi TP a WP. V lokalite Vysoka nad
Uhom bol cely podny profil pod TP aZ na prelome augusta a septembra. Potom sa uZ prejavil
vplyv zrdzok v pocas septembra.

2022

Senneé
Apr May Jun Jul Aug Sep
Volumetric Soil Moisture [%]
52 48 32
Bfc Otp Bwp

Obr. 12. Chronoizoplety vymedzené hydrolimitami, lokalita Senné.
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Obr. 13. Chronoizoplety vymedzené hydrolimitami, lokalita Milhostov.
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Obr. 14. Chronoizoplety vymedzené hydrolimitami, lokalita Vysoka nad Uhom.

Na obrazku 15 st uvedené dalSie hydrofyzikdlne prejavy pddneho sucha v podmienkach
tazkych pod. Vizudlne sa to prejavuje vo forme puklin. Ich tvorba je désledkom objemovych
zmien v horizontdlnej rovine. Vo vertikdlnom smere sa objemové zmeny prejavuji
vertikdlnym pohybom povrchu pody. Analyza tychto procesov presahuje napln tohto
prispevku. Uvedené su tu iba pre ilustraciu Sirky problematiky skiimania prejavov sucha v
nenasytenej zone pdd.

X

£ ' )
S vy 2 by )
X S S STNEN

Obr. 15. Prejavy sucha — tvorba dvojdomenového podneho prostredia v lokalite Milhostov.

ZAVER

V prispevku boli kvantifikované rozdielne vysledky monitoringu objemovej vihkosti a zasoby
vody do hibky 1,00 m v réznych pddnych druhoch. Pre prezentaciu rozdielov boli vybrané
vysledky monitoringu v troch lokalitach na VSN v extrémne suchom vegetanom obdobi roku
2022. Najtazsie pody, s najvacsim obsahom ilovitych castic boli v lokalite Senné, I'ahsie
v lokalite Milhostov a najlahsie v lokalite Vysoka.

Vysledky monitoringu potvrdili, Ze ¢im je pddny profil 'ahsi, tym je variabilita zasob vody
véac¢sia. LahsSie pody su po vertikale rovnomerne presusSované po celom skimanom profile. Po
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vertikale podneho profilu bol numericky a graficky identifikovany vyznamny posun
priebehov vlhkosti, ich obalovych kriviek a priemernych hodndét na vlhkostnej osi. Prirastok
ilovitej zloZky v texture posuva priebehy vlhkosti k vyssim hodnotam.

Bola vypracovand grafickd analyza so zobrazenim chronoizoplet. Ta v lokalite Senné
preukazala, ze vysuSovanie pddneho profilu sa postupne prejavilo v celom podnom profile.
V lokalitich Milhostov bolo vysuSovanie rovnomerné v celom skimanom profile do hibky
1,00 m. Pddny profil Vysokd nad Uhom sa nachadza v pririe¢nej zéne rieky Uh. Jeho
vlhkostny rezim v spodnych podnych horizontoch je pravdepodobne ovplyvneny vodnym
rezimom rieky. Aj tu sa vSak prejavilo vysusovanie pddneho profilu. Pocas septembrovych
vydatnych zrazok sa vSetky podne profily dosytili.

Pre zistenie dostupnosti vody pre rastlinny kryt v Case a priestore boli chronoizoplety urc¢ené
hydrolimitami FWC, TP a WP. Vysledky nazorne ilustrovali rozdiely v dostupnosti vody pre
rastliny v skimanych lokalitach. V lokalite Senné boli povrchové vrstvy pddneho prostredia
priblizne 2,5 mesiaca pod bodom vidnutia. Porast na povrchu bol suchy.

Uvedené vysledky s vyuziteIné pri navrhoch hospodarenia s vodou v krajine a navrhoch
adaptacnych opatreni pre eliminaciu pddneho sucha.

Pod’akovanie
Autori d’akuju za finan¢na podporu VEGA 2/0044/20.
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ABSTRACT

Soilless cultivation allows the adaptation of horticultural production to external conditions. To
evaluate the possibility of regulating growing substrate conditions by adjusting the color of the
growing bags, seedlings of highbush blueberry (Vaccinum corymbosum L., cv. 'Duke’) were
planted in six green and six white growing bags in which the water content and temperature of the
growing substrate were measured. The growing substrate in the white bags had a lower average
temperature than the growing substrate in the green bags (by 5 °C) and contained more water (by
5.8%) during the measurement period. The change in temperature in the growing bags during
winter followed the change in soil temperature on which the growing bags were placed. The
temperature in the growing substrate was affected by both air temperature and soil temperature. In
spring, the growing substrate in the green bags had warmed up slightly faster than the growing
substrate in the green bags and had a higher average temperature (by 1.5 °C). Highbush
blueberries planted in the white bags had higher average shoot growth per plant than blueberries
planted in the green bags (by 10.5 cm). During the study, we were not able to determine whether
the north or south side had an effect on the development of the root system in the bags with
growing substrate.

Keywords: soilless media, growing bags, soil water content, soil temperature

INTRODUCTION

Highbush blueberry is a plant that is becoming increasingly popular in intensive plantations,
but it can also be found in gardens. Blueberry requires acidic and moderately moist soil for
growth, therefore for intensive production plants are usually grown in acidic peat soil or in
growing bags, where plants are planted in the growing substrate. Peat substrate is the main
substrate for plant production (Raviv and Leith, 2008). In general, peat substrates are used
mainly for the cultivation of vegetable seedlings and ornamental plants (Raviv and Blom,
2001, Giancarlo, 2015; Zamljen et al., 2020a). Peat substrates have favorable water retention
properties, low pH and are free from diseases and pests (Schwirzel et al., 2002; Faul et al.,
2016; Zamljen et al., 2020b). They also have low mass which makes them suitable for
transport. The water retention properties are particularly important for optimizing irrigation
and thus water consumption in intensive plant production (Ismail et al., 2007; Zamljen et al.,
2020D).

Blueberries have a fine, fibrous root system that is relatively shallow and free of root hairs
(Eck, 1988). Abbott and Gough (1987) reported that roots of highbush blueberries grew
throughout the year, but growth was greatly reduced in soils below 8°C. They found two
periods of accelerated growth, the first in early June and the second in September. These
periods occurred when soil temperatures were between 14 and 18 °C, and root growth
declined when soil temperatures were below or above this range.

The cultivation of highbush blueberry in berry growing bags is becoming more common. Two
types of growing bags are available on the market, white and green. With increasing weather
extremes, drought and heat waves, horticultural production is exposed to extreme conditions.
Therefore, every possible advantage that growers can take should be evaluated so that
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production can be optimized and pressure on natural resources - water supply and energy
demand - can be reduced.

In our experiment, we evaluated what effect, if any, do different colors of growing bags for
berries have on the conditions in the growing substrate and thus on the growth of highbush
blueberry. We also evaluated the substrate water content (under same irrigation treatment) and
the development of the highbush blueberries.

METHODS AND DATA

For the evaluation of the color of growing bag on the growing substrate conditions,
experiment was set-in north-east Slovenia (289 m a.s.l.). In the experiment, twelve highbush
blueberry seedlings of the cv. 'Duke’ in six green and six white growing bags (Fig. 1). Acid
peat was used as the growing substrate (Green Terra, professional peat), and two sensors (SM
150, Delta-T UK) were placed in each bag, which we used to record the water content in the
growing substrate (%) and the temperature of the growing substrate (°C) with data logger
(Type GP2, Delta-T UK) (Fig. 2). Sensor for air temperature and for ground soil were placed
separately (S and T, respectively, Fig. 1). Meteorological data (air temperature) were obtained
for the nearest meteorological station (Medlog, Environmental Agency of Slovenia, 2022).
Drip irrigation was installed for all growing bags for homogenous water supply.

We were interested in the effect that the colors of the growing bags had on the temperature of
the growing substrate and the amount of water in the growing substrate at different times of
the year.

690 cm

45 cm

H @ 6O @ O
@ T
® O ® @ ®

14

60 cm

wa ¢

Fig. 1. Experimental scheme (the numbered circles from 1 to 12 are the bags placed in the
experiment, the color of the circle indicates the color of the growing bag, the square marked T is
the soil temperature sensor, the circle marked S is the position of the air temperature sensor, the

arrow marked N at the very top left is the direction north).
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Fig. 2. Data loggers for growing substrate water content and temperature measurements at the
experimental set-up for highbush blueberry (Strazar, 2022).

RESULTS AND DISCUSSION

Measurements of the growing substrate temperature were conducted during the highbush
blueberry growing season, between 5. 7. 2021 and 7. 8. 2021 (Fig. 3). The results show that
the average temperature of the growing substrate was 5 °C higher in green growing bags. The
temperature of the growing substrate was 23.8 °C in white bags and 28.8 °C in green growing
bags. The highest temperature measured was in green bags, 34.8 °C (7. 7. 2021).

We were interested in the heating of the growing substrate in late winter and spring, which we
measured between 1. 2. 2022 and 15. 3. 2022 (Fig. 4). We found that the growing substrate in
the green growbags warmed faster than the growing substrate in the white growbags on a
sunny day. During this period, the average temperature of the growing substrate in green bags
was 1.5°C higher than in white bags. This could potentially have implications for
horticultural production and placement of the harvest on the market earlier.

During the fall and winter, measured between 27. 9. 2021 and 10. 1. 2022, we also monitored
the temperature of the soil, i.e. the ground, on which the bags were placed, in addition to the
temperature of the growing substrate (Fig. 5). The results show that the growing substrate in
the grow bags cooled more than the soil on which the grow bags were placed.

During the growing season of highbush blueberry, we monitored the amount of water in the
growing substrate measurement took place between 15. 4. 2022 and 15. 6. 2022 (Fig. 6). The
results show that the average amount of water in growing substrate in white bags was 5.8%
higher than the average amount of water in green bags. We concluded that evapotranspiration
was lower in the white bags due to the lower temperatures in the growing substrate. Despite
good water retention properties of peat substrate for horticultural production under our
climate (Zamljen et al., 2020a, Zamljen et al., 2020b), irrigation is necessary for optimal
water supply, as is clear from Fig 6, when for one-week irrigation was not applied to evaluate
the conditions within growing bags.
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Fig. 3. Growing substrate temperature for green and white growing bags from 5.7. to 7. 8. 2021.
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Fig. 4. Growing substrate temperature for green and white growing bags from 1. 2. to 15. 3.
2022.
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Fig. 5. Substrate temperature for green and white growing bags from 1. 2. to 15. 3. 2022.
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Fig. 6. Growing substrate water content from 15. 4. to 14. 6. 2022.

We were also interested in the growth of the shoots highbush blueberries. We found that the
increase in shoot length of highbush blueberries sown in white growing bags from 4. 1. 2022
to 8. 7. 2022 was 30.1% higher than the increase in shoot length in green bags (Table 1).

We examined the root system of four highbush blueberries (two plants from the green
growing bag and two from the white growing bag) and found that the root system developed
better in the white growing bags on the south side of the growing substrate and in the green
bags on the north side of the substrate. We could not draw any definite conclusions because
we studied a statistically unrepresentative sample of plants.
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Table 1. Sum of shoot lengths (cm) at first (1.4.2022) and second (8.7.2022) measurement and
annual growth (in cm and %) by plant and growing bag color

No. of the  Growing bag First Second Annual Annual
plant color measurement measurement growth (cm) growth (%)
(cm) (cm)
2 49 176 127 259,2
4 153 209 56 36,6
6 Green 70 180 110 157,1
7 97 310 213 219,6
10 112 387 275 2455
11 34 120 86 2529
1 15 89 74 493,3
3 223 551 328 147,1
5 White 134 342 208 155,2
8 135 367 232 171,9
9 90 222 132 146,7
12 150 305 155 103,3
CONCLUSIONS

The average temperature of the growing substrate in the green bag is higher than the average
temperature of the growing substrate in the white bag. The results show that air temperature
and soil temperature affect the temperature of the growing substrate in the bags of both colors.
The growing substrate in the white bags contained larger amounts of water than the amount of
water in the growing substrate in the green bags under the same irrigation. The average annual
growth of shoots in the green bags is lower than the average annual growth of shoots in the
white bags.

In our research, highbush blueberries in white bags grew better than blueberries in green bags.
Further studies with multiple replicates are needed to properly evaluate the effect of growing
bag color on root development. In addition, the results should be re-evaluated in a repeated
experiment on a larger scale and with a larger number of plants, and until the plants are fully
developed to properly observe their development. The possibility of improving the growing
conditions by the color of the growing bags should be explored and used in the future
production of highbush blueberries.
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ABSTRAKT

Pre efektivne hospodarenie s vodou v konkrétnom podnom druhu je potrebné poznat
najvyznamnejsie vlastnosti daného pddneho druhu vo vztahu k vode. Pieso¢natd poda je znama
tym, ze je velmi priepustna. Jednym z hlavnych cielov efektivneho pol'nohospodarstva je
spomalit’ odtok vody z piesocnatej pddy, a tym zabezpecit' zadrzanie vody v korenovej oblasti
rastlin. Nase vysledky potvrdzuju, Ze biouhlie vyrobené z viby s velkostou <125 pm ucinne
znizuje nasytent hydraulicka vodivost’ v piesocnatej pdde, pricom toto zniZenie je priblizne 80%
pre biouhlie vyrobené pri teplote pyrolyzy 300 °C a 82% pre biouhlie vyrobené pri teplote
pyrolyzy 520 °C v porovnani s kontrolou. Vo vSeobecnosti ma hlinita péda optimalny vlhkostny
rezim. Ak vsak tento druh pody vplyvom otepl'ovania postupne vysychd, moéze sa jeho vlahovy
rezim zmenit' k horSiemu. Nasou ulohou je preto hladat metédy na zvysSenie hydraulickej
vodivosti pddy. Vysledky nasej studie ukazuju, ze biouhlie s velkost'ou <125 um G¢inne zvySuje
nasytentl hydraulickt vodivost’ hlinitej pddy priblizne o 111% v pripade biouhlia vyrobeného pri
teplote pyrolyzy 300 °C a o 60% v pripade biouhlia vyrobeného pri teplote pyrolyzy 520 °C v
porovnani s ¢istou podou.

Keywords: piesoénata poda, hlinita poda, velkost ¢astic biouhlia

UvVoD

Voda nachadzajtca sa v pddnom profile v koreniovej zone rastlin ovplyviiuje kolobeh Zivota
na Zemi. Podstatou pohl'adu na pddu prostrednictvom vodného reZimu je vnimanie pody ako
vel'mi dynamického telesa (RejSek a Vacha, 2018). Pradenie vody v pdde z hl'adiska rastlin,
je najvyznamnejSou vlastnost'ou podnej vody, nevyhnutnou pre zachovanie zivota. Vo svete
sa stale hl'adaji nové moznosti ako zlepSovat’ vlastnosti poddy a v oblasti pol'nohospodarstva
sa preto kladie velky doraz aj na rozne pddne Upravy. Biouhlie, ako produkt termalnej
degradacie biomasy bohaty na uhlik, je aktualne v centre pozornosti vedeckej komunity najma
pre svoju schopnost’ zlepSovat’ kvalitativne parametre pody a zmieriiovat’ tempo klimaticke;
zmeny. Biouhlie je produkt tepelného rozkladu (pyrolyzy) organického odpadu (biomasy).
Pocas procesu pyrolyzy, vysokoteplotnej degradacie v uzatvorenom prostredi so zniZenou
pritomnostou kyslika, sa biomasa meni na biouhlie, vysoko poérovity material s nizkou
hustotou a vysokym podielom uhlika (Lehmann a Stephen, 2015). Biouhlie méze byt’ pouzité
Vv suvislosti s tipravou pddnych vlastnosti (Shakley a kol., 2016). Biouhlie ma potencial zvysit
schopnost’ zadrziavania vody v pddnom profile (Karhu a kol., 2011) a taktiez zvysit’ oblast’
pristupnej vody pre rastliny (Blanco—Canqui, 2020). Podl'a Wanga a kol. (2019) vysSia davka
(>10 t.ha!) biouhlia s velkym objemom poérov mdze zlepsit zadrziavanie vody a moze
zlepsit' odolnost’ pddy pocas hydrologickych extrémov. Samotny prispevok mé za ciel
analyzovat vplyv aplikovaného biouhlia s vel'kost'ou ¢astic velkost’ ¢astic <125um a v davke
20 t.ha™! na hodnoty nasytenej hydraulickej vodivosti piesoénatej a hlinitej pody. Ako vstupny
materidl sa pouZzila viba Svédska, z ktorej boli vyrobené 2 biouhlia a to pri teplote pyrolyzy
300 a 520 °C.
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METODIKA PRACE

Pieso¢natd pdda pouzZitd pri tomto experimente bola odobrata z okolia Plaveckého Stvrtka na
Zahorskej nizine. Na tejto pode bol urobeny zrnitostny rozbor hustomernou metddou
(Velebny, 1981). Tvori ju 91 % piesku, 7,5 % prachu a 1,5 % ilu, je teda klasifikovana ako
piesok (Velebny, 1981). Hlinitd pdda bola odobratd zlokality Dolnd Malanta (Nitra,
Slovensko). Poda v priemere obsahuje 360,4 g.kg™* piesku, 488,3 g.kg™* prachu a 151,3 g.kg*
ilu (Horak, 2017).

Biouhlie pouzité pri tomto experimente bolo vyrobené v reaktore UNYPIR, ktory je sucast'ou
centra AgroBioTech patriaceho Slovenskej pol'nohospodarskej univerzite v Nitre. Vstupnym
materialom pri oboch typoch biouhlia bola viba $védska, odroda Tordis ((Salix schwerinii x
S. viminalis) x S. viminalis). Pri vyrobe oboch biouhli bol pouzity rovnaky tlak (101 kPa),
avsak teplota pyrolyzy bola rozdielna. Pri prvom biouhli bola pouzita teplota 300 °C a pri
druhom 520 °C. Vyrobené biouhlia boli zomleté na elektrickom mlynéeku a preosiaté na
sitach s velkost'ou 6k 125um.

Podne vzorky zmesi boli pripravené v laboratornych podmienkach s pomerom mnoZzstva
biouhlia 20 t.ha™ do Kopeckého valéekov (100 cm?®). Boli pripravené nasledovné varianty
laboratérneho experimentu: zmes pieso¢natej pddy a biouhlia vyrobenom pri teplote 300 °C
s velkost'ou Castic <125um, zmes piesocnatej pddy a biouhlia vyrobenom pri teplote 520 °C
s vel'kost'ou Castic <125um, zmes hlinitej pddy a biouhlia vyrobenom pri teplote 300 °C
s velkost'ou Castic <125um, zmes hlinitej pody a biouhlia vyrobenom pri teplote 520 °C
s vel'kost'ou Castic <125um. Pre kazdy variant boli nasledne pripravené 3 opakovania. Tieto
pripravené zmesi sa porovnali s referencnou pddou (Cisty piesok a Cistd hlina), ktoré boli
pripravené taktiez v 3 opakovaniach. Nasytena hydraulicka vodivost’ pody bola stanovena na
vzorkach v Kopeckého valcekoch na vSetkych variantoch laboratérneho experimentu. Pre
kazdy variant boli pripravené 3 pddne vzorky, spolu bolo teda meranie robené na 54
vzorkach. Na kazdej pddnej vzorke sa uskuto€nili 3 merania nasytenej hydraulickej vodivosti
pody. To znamend, Ze pre kazdy variant sme mali spolu 9 nameranych hodndt nasytenej
hydraulickej vodivosti pddy. Nasytena hydraulickd vodivost’ pddy bola stanovena pomocou
zariadenia s premenlivym hydraulickym sklonom (Obr. 1) (Igaz a kol., 2017).

Obr. 1. Laboratérne meranie nasytenej hydraulickej vodivosti pody.
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Vyhodnotenie vplyvu biouhlia na nasytenu hydraulicki vodivost pddy sa robilo
jednofaktorou analyzou odchylok (ANOVA testom) a Statisticky vyznamny vplyv pri p<0,05
bol stanoveny testom LSD. Na Statisticki analyzu sme pouzili softvér Statgraphics Centurion
XV.I (Statpoint Technologies, Inc., Warrenton, VA, USA). Grafické znazornenie sa robilo
pomocou programu Microsoft Excel.

VYSLEDKY A DISKUSIA

Z nasich vysledkov vyplyva, ze sa nasytena hydraulicka vodivost’ vplyvom aplikacie biouhlia
S Casticami <125um meni v zavislosti od druhu pddy (Obr. 2 a Obr. 3). Pri zmesiach
piesoCnatej pody s biouhlim sa nasytend hydraulickd vodivost’ znizila v porovnani s ¢istym
pieskom ato nasledovne [Cisty piesok] > [Viba (300 °C) < 125um] > [Viba (520 °C) <
125um] s priemernymi hodnotami nasytenej hydraulickej vodivosti 48,4 > 9,61 > 8,89 cm.h™.
V oboch pripadoch bolo pozorované §tatisticky vyznamné znizenie (p<0,05) (Tab. 1). Naopak
pri zmesiach hlinitej pody s biouhlim sa nasytend hydraulickd vodivost’ zvysila v porovnani
s ¢istou hlinou nasledovne [€ista hlina] < [Viba (520 °C) < 125um] < [Viba (300 °C) <
125um] s priemernymi hodnotami nasytenej hydraulickej vodivosti 0,97 < 1,55 < 2,05 cm.h™.
Aj vtomto pripade bolo toto zvySenie Statisticky vyznamné (p<0,05), ale iba v pripade
variantu s nizSou teplotou pyrolyzy (Tab. 2).
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Obr. 2. Grafické znazornenie vplyvu aplikacie biouhlia s vel’kostnou frakciou <125um
vyrobenom pri teplote pyrolyzy 300 a 520 °C na nasytenu hydraulicka vodivost’ pieso¢natej
pody. Krabicovy graf uvadza: minimalnu a maximalnu hodnotu (okrajové ¢iary), horny a dolny
kvartil (hrany obdiZnika), median (¢iara v obdiZniku) a priemerni hodnotu (kriZik v obdiZniku).
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Obr. 3. Grafické znazornenie vplyvu aplikacie biouhlia s vel’kostnou frakciou <125pm
vyrobenom pri teplote pyrolyzy 300 a 520 °C na nasytenu hydraulicka vodivost® hlinitej p6dy.
Krabicovy graf uvadza: minimalnu a maximalnu hodnotu (okrajové ¢iary), horny a dolny
kvartil (hrany obdiZnika), median (¢iara v obdiZniku) a priemerni hodnotu (kriZik v obdiZniku)

Tabul’ka 1. Vplyv aplikacie biouhlia s vePkostnou frakciou <125pum vyrobenom pri teplote
pyrolyzy 300 a 520 °C na nasytenu hydraulicki vodivost® pieso¢natej pody. Rozdielne pismena
(a, b) naznacuju Statisticky vyznamny rozdiel (p<0,05) v hodnotach podPa testu LSD

Variant Homogénne skupiny
Cisty piesok b
Viba (300 °C) < 125um a
Viba (520 °C) < 125um a

Tabul’ka 2. Vplyv aplikacie biouhlia s vel’kostnou frakciou <125um vyrobenom pri teplote
pyrolyzy 300 a 520 °C na nasytenu hydraulicku vodivost’ pieso¢natej pody. Rozdielne pismena
(a, b) naznacuju $tatisticky vyznamny rozdiel (p<0,05) v hodnotach podl’a testu LSD

Variant Homogénne skupiny
Cista hlina a
Viba (300 °C) < 125um b
Viba (520 °C) < 125um ab

Nase vysledky jednoznacne preukazuju, ze aplikované biouhlie vyrobené z viby efektivne
znizuje nasytent hydraulicki vodivost’ v piesoCnatej pdde a efektivne zvySuje nasytenu
hydraulicka vodivost’ v hlinitej pode. Vysvetlujeme si to tym, Ze biouhlie v piesoc¢natych
pddach spdsobuje pomalsi odtok vody a tym aj efektivne potlaca stratu vody (Dan a kol.,
2015) a v hlinitych naopak zvysuje nasytenti hydraulick vodivost’ pddy (Lehmann a Stephen,
2015). Liu akol. (2017) uvadzaju, ze velkostné frakcie biouhlia ovplyviuju ukladanie vody
V pode zmenou priestoru poérov medzi pddnymi €asticami, inymi slovami medziporami, ale aj
pridanim poérov, ktoré boli sucastou samotného biouhlia. Lehmann a Stephen (2015)
uvadzaju, ze biouhlie s menSimi Casticami ako su podne Castice nachadzajice sa v pddnom
profile mézu po aplikacii znizit' hydraulicki vodivost’ pody, naopak biouhlia s va¢§Simi
Casticami ako su pddne Castice by mohli hydraulicki vodivost’ zvysit. V nasom pripade sa
pouzila piesocnatd pdda v kombindcii s biouhlim o velkosti < 125um a hlinitd pdda
Vv kombinacii s biouhlim o velkosti <125um, ciZze jemnejSia frakcia biouhlia. Podla
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Esmaeelnejada a kol. (2017) jemnejsie frakcie biouhlia vedia lepSie vyplnit’ priestory medzi
Casticami pody. Nasledne pridanie biouhlia bud’ upché, ako v pripade pieso¢natych pod, alebo
zvacsi pory ako v pripade kombinacie hliny a biouhlia.

ZAVER

Mozeme konStatovat, ze nasytend hydraulicka vodivost’ zmesi pody a biouhlia sa meni
v zavislosti od textiry pody a Castic biouhlia. Z nasich vysledkov vyplyva, Ze jemnejSia
vel'kostnd frakcia biouhlia < 125um efektivne spomal’uje rychlost’ infiltracie v pieso¢natych
pddach, ¢o bolo potvrdené aj Statisticky a efektivne zrychl'uje rychlost infiltracie v hlinitych
podach, taktiez potvrdené Statisticky.
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ABSTRAKT

Podna vlhkost’ zohrava vyznamnt ulohu pri raste plodin a zachovani vhodnych podmienok na
obnovu vegetacie. Jej priestorova a Casova variabilita vyplyva z topografie, pddy, vegetacie a
vyuzitia krajiny. Tento prispevok sa zaobera analyzou pddnej vlhkosti v povodi rieky
Bolnisistskali v podmienkach suc¢asného vyuzitia krajiny. Vysledky analyzy boli porovnané so
scenarom zmeny vo vyuziti krajiny. Scenar je zamerany na vyuzitie krajiny na pol'nohospodarske
ucely a chov dobytka. Na vyskum a porovnavacie analyzy bol pouzity zrazkovo-odtokovy model s
priestorovo rozélenenymi parametrami. Z vysledkov modelovania je zrejmé, zZe pouzitim scenara
zmeny vo vyuziti krajiny je mozné dosiahnut’ lepsi stav pddnej vlhkosti v simulovanom povodi.
KPacova slova: vyuzitie izemia, pddna vlhkost, model WetSpa

UvVoD

Obsah vody v pode (t. j. podna vlhkost) je klI'icovym faktorom ovplyviiujucim Struktaru
vegetacie v prostrediach s obmedzenym mnozZstvom vody (Rodriguez-Iturbe a kol., 1999);
vegetacia zasa vykondva Zivotne dolezité kontroly celej vodnej bilancie prostrednictvom
zlozitych a vzajomne sa ovplyviujucich hydrologickych procesov (Porporato a kol., 2002).
Rozne spdsoby vyuzivania krajiny mézu vyrazne ovplyvnit’ vlastnosti pddy, ako je objemova
hmotnost’, nasytend hydraulickd vodivost’, rychlost’ infiltracie a dostupny obsah pddnej vody
(podnej vlhkosti) (Tellen akol.,, 2018). Pretoze vlastnosti pddy st hlavnymi faktormi
ovplyviiujicimi varidcie vody v pode (Tiwari a kol., 2019), vyuzivanie krajiny by mohlo
ovplyvnit’ varidcie vody v pdde zmenou vlastnosti pddy. Vyuzivanie krajiny je jednym z
hlavnych faktorov regulujucich variabilitu podnej vlhkosti (Qui a kol., 2001; Gao a kol.,
2014).

Zmeny vo vyuzivani krajiny mozu sposobit’ degradaciu pody, ktora je definovana ako
docCasny alebo trvaly pokles produkcnej kapacity pody, pricom poda tUplne strati svoju
produkéntt schopnost’ (Hlavcova akol., 2019). Pol'nohospodarske aktivity na velkych
plochach st povazované za jeden z hlavnych antropogénnych faktorov negativne
ovplyviiujicich pddnu eroziu a ekologicku stabilitu krajiny, ktorti je vS§ak mozné eliminovat’
efektivnym manazmentom krajiny (Vyleta a kol., 2019).

Tento ¢lanok nadvédzuje na vyskum (Ronc¢ak a kol., 2018), v ktorom sa autori zaoberali
vplyvom zmien vyuZivania krajiny na odtokové procesy s pouzitim rovnakych vstupov. V
tomto ¢lanku sme sa zamerali na vyvoj scenara zmeny vyuzivania krajiny a simulacie podnej
vlhkosti na odhadnutie potencidlnych zmien v zmenenych podmienkach vyuZivania krajiny v
povodi Bolnisistskali. Zmena pddnej vlhkosti v scenari vyuZitia krajiny bola porovnand so
sucasnym stavom.
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MATERIAL A METODY

Skumana lokalita

Povodie rieky Bolnisistskali s koneénym profilom Samtsverisi s rozlohou 360 km? a
nadmorskou vyskou od 450 do 2 540 m n. m. bolo vybrané ako studijné izemie na simulaciu
podnej vlhkosti zrazkovo-odtokovym modelom. Povodie sa nachddza v juhovychodnej Casti
Gruzinska v regione Kvemo Kartli (obr. 1). Z hladiska vyuzitia krajiny tu prevladaja listnaté
lesy (obr. 2a). Orna poda sa nachadza v severnej Casti povodia. Z hl'adiska podnych druhov su
dominantné najma piescito-hlinité a hlinité pody (Elizbarashvili a kol., 2006).

Altitude [m a.s.1.]
B «1-10%
[] 10011500
B 1501 - 2000
I 2001 - 2543

Pouzité boli hydrometeorologické a klimatické data v dennom kroku za obdobie 1971 — 1985.
Tieto vstupné udaje (v textovej forme) boli tvorené priemernymi dennymi zrazkami z 2
zrdzkomernych stanic, priemernymi dennymi teplotami vzduchu zo 4 klimatickych stanic a
priemernymi dennymi prietokmi z vodomernej stanici Samtsverisi. Pre potreby modelovania
boli pouzité tiez digitalne priestorové udaje v podobe digitdlneho modelu reli¢fu (DEM),
mapy pddnych druhov, sucasnej mapy vyuzitia uzemia a vrstiev priestorovo roz¢lenenych
parametrov, ktoré boli odvodené z 3 spominanych zakladnych map. Vstupné udaje boli
poskytnuté organizaciou NEA (National Environmental Agency — Thilisi).

V ramci vyskumu sme pracovali so sufasnym vyuzitim krajiny a nami vytvorenym
modelovym scenarom (Obr. 2a, 2b). Stcasné vyuzitie krajiny v povodi Bolnisistskali bolo v
ramci scendra zmenené na zéklade svahovitosti terénu podla delimitaénych kritérii. Uzemie
so sklonom mensSim ako 12° by bolo vhodné vyuzit’ na pol'nohospodarske ucely (orna pdda),
krajina od 12° do 20° v podobe luk a pasienkov by sa vyuzivala na chov dobytka a kosenie
(nizka trdva) a miesta s najvy$$imi sklonmi by ostali i nad’alej zalesnené (listnaté a zmieSané
lesy). Pre posudenie vplyvu zmien vyuzitia tzemia v modelovom scenari na odtok z povodia
bol aplikovany hydrologicky model WetSpa. V danej pripadovej stadii sa kvalita simulovania
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posudzovala porovnanim zhody medzi meranymi a modelovanymi priemernymi dennymi
hodnotami prietokov v zavere¢nom profile Samtsverisi na zaklade Nash — Sutcliffovho
koeficientu (NS). V naSom pripade pre kalibraéné obdobie 1971 — 1985 nadobudol koeficient
hodnotu NS = 0,65, ¢o predstavuje dostatocnu presnost’ simulacie.

~—— river network ~"— river network
Land use classes

crop and mixed farming|

Land use classes

crop and mixed farming|
deciduous trees ) shortgrass
mixed trees deciduous trees
deciduous shrub " deciduous shrub

impervious areas ~_, impervious areas

ez

Obr. 2a) Mapa sti¢asného vyuZitia krajiny 2b) Mapa scenara zmeny vyuZitia krajiny.

Zbény so sklonmi menSimi ako 12 % a pokryté travou sa zmenili na ornti podu. Plochy s
deklinéciou (12-20%) pokryté ornou pddou sa zmenili na travnaté plochy. Na plochéch s viac
ako 20% sklonom, sa orna pdda a travnaté plochy zmenili na listnaté lesy.

VYSLEDKY

Priemerné hodnoty pddnej vlhkosti v modelovanom povodi za obdobie 1971-1985,
simulované pre dva scenare (sucCasné vyuzitie krajiny a alternativny scendr) su uvedené v
tabulke 1. ako aj prostrednictvom Skatulovych grafov na obr. 3. Scenar alternativneho
vyuzivania krajiny ukazal pozitivny vplyv na obsah vody v pdde v skimanej lokalite, ked’ze
podl'a vysledkov modelovania do$lo v ramci scenara k $tatisticky vyznamnému zvySeniu
priemernej roénej SWC (obsah vody v pdde) v porovnani so sucasnym stavom. Okrem
priemernej rocnej hodnoty SWC je dolezité sledovat’ aj hodnotu SWC pocas najsuchsich a
tiez vlhkych obdobi. Rozdiely v modelovanych hodnotaich SWC medzi scenarmi MS
(alternativny scendr zmeny vyuzitia krajiny) a CS (sucasné vyuzitie krajiny) boli Statisticky
vyznamné aj v obdobi sucha a vlhka v obdobi 1971-1985 a mézeme konStatovat’, Ze pouzitie
alternativneho scenara vyuzitia krajiny by malo pozitivny vplyv na zvySenie podnej vIhkosti
Vv danom povodi.
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Tabulka 1. Statistické parametre obsahu pddnej vhikosti v skiimanej lokalite a) za obdobie
1971-1985, b) za dva najsuchSie mesiace za obdobie 1971-1985, c) za dva najvlhkejSie mesiace za
obdobie 1971-1985, odhadované pre 2 scenare vyuZitia krajiny

Attribute  Time period Land Minimum Maximum Median Mean SD Skewness  Kurtosis
Use

SWCI[-]  1971-1985 CS 0.165 0.264 0.214 0.210* 0.018 -0.470 2.685

MS 0.179 0.331 0.259 0.251° 0.027 -0.682 2.765

A-M (1971-1985) CS 0.208 0.227 0.220 0.219* 0.004 -1.072 4.294

MS 0.241 0.277 0.264 0.262° 0.007 -1.127 4.287

A-S(1971-1985) CS 0.165 0.180 0.173 0.173* 0.004 -0.244 2.122

MS 0.184 0.205 0.195 0.195" 0.006 -0.135 1.854
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Obr. 3. SkatuPovy graf obsahu vody v pdde na §tudovanej lokalite a) za obdobie 1971-1985, b)
za dva najsuchSie mesiace v obdobi 1971-1985, c¢) za dva najvlhkejSie mesiace v obdobi 1971—
1985, odhadované pre 2 scenare vyuZitia krajiny.

Dynamika priemerného denného obsahu vody v pdde v diagnostikovanom horizonte zény
aeracie pody ma cyklicky charakter s jednorocnou peridédou opakovania na skimanej lokalite.
Vo vicsine rokov analyzovaného obdobia mozno tento cyklus rozdelit’ na obdobie nasytenia a
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obdobie odtoku. Obsah pddnej vody sa od jesene zvySuje s vrcholom v skorych jarnych
mesiacoch (obr. 4). Zaciatok vegetacného obdobia sa prejavuje vyraznym poklesom zimnych
zasob a dostupnost’ pddnej vody je plne ovplyvnena aktudlnymi zrazkami. T4to situacia moze
vytvarat’ podmienky pre vodny stres rastlin.

0.29

——current state

R A A L

R e T A

0.23

0.21

Soil water content [-]

0.19

T T I, . - L

0.15

Month

Obr. 4. Cyklicky priebeh priemerného denného obsahu vody v pode za obdobie 1971-1985 bol
odhadnuty pre 2 scenare vyuZitia krajiny.

ZAVER

Tento ¢lanok popisuje mozny vplyv zmeny vyuZivania krajiny na zloZku vodnej bilancie.
Podna vlhkost’ je dolezitd v mnohych hydrologickych procesoch. Preto je dolezité poznat’ jej
spravanie v zmenenych podmienkach, najmé to, ako zmena vyuzivania krajiny ovplyviiuje
vlhkost’ pody. Zmeny podnej vlhkosti boli vyhodnotené porovnanim simulovanej priemernej
pddnej vlhkosti pre sifasny stav a scenar zmeny vyuZzivania krajiny. Scenar zmeny
vyuzivania krajiny ukazal pozitivny vplyv na obsah vody v pode v skimanom povodi, ked’ze
podla vysledkov modelovania doslo v ramci scenara k Statisticky vyznamnému zvyseniu
priemernej ro¢nej hodnoty pddnej vlhkosti v porovnani so su¢asnym stavom.

Vytvoreny scenar bol tiez pouzity na analyzu schopnosti modelu Wetspa simulovat’ zmeny vo
vyuzivani krajiny. Model WetSpa preukdzal dostato¢ni schopnost’ simulovat’ vlhkost' pody
pri meniacich sa podmienkach vyuZzivania krajiny. Pri interpretacii tychto zisteni vSak netreba
zabudat’ na limity zraZkovo-odtokového modelovania. Pocitatové simulaéné modely st vo
svojej podstate neisté, a to eSte viac pri zvazovani buducich projekeii.
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ABSTRAKT

Podna vlhkost’ zohrava délezitu tlohu pri monitorovani v pol'nohospodarstve, pri predpovediach
sucha a povodni, predpovedi lesnych poziarov, manazmente zdsobovania vodou a inych aktivitach
v oblasti prirodnych zdrojov. V naSom prispevku sa venujeme monitoring vlhkosti pddy
a zasobam vody v povrchovej vrstve pddy pocas vegetaéného obdobia v roku 2021, pri¢om
porovnavame plochy s aplikovanym biouhlim a bez neho. Vysledky ukazali, Zze na plochach s
biouhlim bola vlhkost pddy, a teda aj zasoba vody v pdde vysSia takmer pocas celého
monitorovaného obdobia. Délezitost’ vysledku je predovSetkym v tom, Ze pocas obdobi bez zrazok
bol rozdiel medzi plochami markantnej$i, o potvrdilo pozitivny vplyv biouhlia na dlhsie
zadrzanie vody v Krajine.

Keywords: biouhlie, podna vlhkost, zasoby vody v pode, monitoring

UvVoD

Pddna vlhkost' je podla Americkej meteorologickej spolo¢nosti (AMS, 2012) ,,celkové
mnozstvo vody vratane vodnej pary v nenasytenej pdde*. Podna vlhkost’ — niekedy nazyvana
aj podna voda — predstavuje vodu Vv zéne aeracie pddy, ktord sa nenachadza v riekach,
jazerach alebo podzemnych vodéch, ale nachadza sa v poroch pody. Podna vlhkost' je dana
mnozstvom faktorov vratane typu pody a suvisiace] vegetacie. Zaroven pddnu vlhkost
ovplyviiuje cely rad procesov suvisiacich s dynamikou pody a rastlin. Povrchova vlhkost
pody je voda, ktora sa nachddza v hornych 10 cm pody. Pddna vlhkost’ zohrava ddleziti ulohu
pri monitorovani v polnohospodarstve, pri predpovediach sucha a povodni, predpovedi
lesnych poZiarov, manazmente zdsobovania vodou a inych aktivitich v oblasti prirodnych
zdrojov. Pozorovania podnej vlhkosti mézu predpovedat’ bliziace sa sucho alebo zéplavy
skor, ako sa spustia iné StandardnejSie indikatory. Voda zo zraZok preniké cez vegetacny kryt
a povrch pddy do zony aerécie, kde sa akumuluje, prerozdel'uje a Cast’ prenikd do nizSich
geologickych Struktar, kde sa transformuje na podpovrchovy odtok. Z tohoto aspektu niektori
autori oznacuju vegetacny kryt za "zeleny filter" a podny pokryv za "hnedy filter" zrazok
vzhladom na ich transformaciu na odtok z povodia (Sttor et al., 2008). Dopad klimatickej
zmeny na zasoby vody v zéne aeracie pody pocas hydrologického roku, resp. vo vegetacnom
obdobi, je evidentny. Zasoba vody v zone aerdcie pddy predstavuje disponibilny zdroj vody
pre pol'nohospodarske a lesné ekosystémy, ¢im determinuje ich existenciu. Kvantifikuje sa
priamym monitoringom (Sutor et al., 2007). V poslednych rokoch sa takmer kazdy rok
vyskytuju dlhSie bezzrazkové obdobia, ktoré pocas vegetacného obdobia ovplyviiuju kvalitu
i kvantitu pestovanych pol'nohospodarskych plodin. Akondhle ma rastlina k dispozicii malo
pristupnej vody vznika sucho, ktoré vyvolava v rastlinach stres. Takato situdcia nastdva v
dosledku vysychania pody a intenzivnej transpiracie. Vznikajuci vodny deficit je v rastlinach
vysledkom nerovnovédhy medzi prijmom a vydajom vody rastlinou. V doésledku jeho
poOsobenia vznikd subor fyziologickych a metabolickych reakcii, ktoré vedu z pravidla k nizsej
fotosyntetickej aktivite, poklesu listovej plochy a rovnako aj k niz§iemu poctu odnozi, vetvi a
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v neskorSom obdobi sa znizuje pocet zin (semien), co ma dopad na celkovu tirodu a biomasu
polnych plodin. V poslednych rokoch sa velkd Cast odbornikov zameriava na vyskum
aplikdcie biouhlia do pddy. Biouhlie ako produkt termalnej degradacie organickych
materidlov bez pritomnosti vzduchu (Lehmann a Joseph, 2009anta) méze zlepsSit podne
vlastnosti zmenou fyzikdlnych charakteristik pody. Medzi ne patria poérovitost, objemova
hmotnost’, hydraulicka vodivost’ alebo retencna kapacita pody (Githinji, 2013; Tarnik, 2019).
Okrem toho mdze menit’ aj niektoré chemické vlastnosti pody, napr. pH, kapacitu vymeny
kationov alebo dostupnost’ zivin (Deal et al., 2012).

V nasom prispevku sme skiimali zmeny zdsoby vody v povrchovej vrstve pdody pocas
vegetacného obdobia v roku 2021, pricom sme porovnali plochy bez biouhlia a s pridavkom
biouhlia v mnozstve 20 tha?. Na ziklade vedeckych §tadii a nasich predchadzajucich
vyskumov sme predpokladali, Ze na plochach s biouhlim bude vysSia zasoba vody
Vv povrchovej vrstve pody.

MATERIAL A METODY

Skumanda lokalita

Pravidelny monitoring vlhkosti pody pocas vegetacného obdobia vykonavame od roku 2015
na experimentalnej lokalite Dolnd Malanta (obr. 1), ktord patri Slovenskej pol'nohospodarske;j
univerzite v Nitre. Lokalita sa nachadza v nadmorskej vySke 175 m n. m. a poda je
klasifikovand ako prachovito-hlinita s obsahom piesku 15,2 %, prachu 59,9 % a ilu 24,9 %
(Simansky a Klimaj, 2017).

Obr. 1. Experimentalna lokalita Dolna Malanta.
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Biouhlie

Na experimentalne lokalite bolo v roku 2014 aplikované biouhlie do hibky 0-15 cm pod
povrchom terénu. Biouhlie pouzité pre tento polny experiment bolo vyrobené firmou
Sonnenerde (Rakusko) z papierenského kalu a obilnych Supiek v pomere 1:1 vzhladom k
hmotnosti. Vzniklo pyrolyzou pri teplote 550 °C a aplikovana velkost’ frakcie biouhlia bola 0-
5 mm. Dalsie zakladné parametre biouhlia popisali Domanova et al. (2015) a niektoré z nich
su zobrazené v Tabulke 1.

Tabul’ka 1. Chemické zloZenie pouZzitého biouhlia

C N H 0] PH(cac12)
(%) (%) (%) (%) @)
Biouhlie 53.1 1.4 1.84 5.3 8.8

Monitoring vihkosti pody a vypocet zasoby vody v péde

Meranie vlhkosti pody zacalo instalaciou dielektrickych senzorov vlhkosti pody (obr. 2) typu
5TM (Decagon Devices, USA) a zdznamy sa ukladali v 5 minatovych intervaloch do
dataloggerov EM50 (Decagon Devices, USA). Senzory boli in3talované do hibky 10 cm pod
povrchom terénu na dve plochy bez biouhlia (Control) ana dve plochy s aplikovanym
mnozstvom biouhlia 20 tha? (B20). V prvom variante (Control) boli instalované Styri
senzory, Vv druhom variante (B20) bolo inStalovanych 5 senzorov. V tomto prispevku
prezentujeme priemerné denné hodnoty vlhkosti pddy pre kazdy variant. Pocas vegetacného
obdobia roku 2021 sa na experimentalnej lokalite pestovala pSenica ozimna (Triticum
aestivum L.), ktora bola vysiata na jesefi 2020. Nas monitoring zacal 9.4.2021 a bol ukonceny
pred zberom trody, 21.7.2021.

Obr. 2. Instalacia senzorov na experimentalnej lokalite Malanta, 9.4.2021.

Zasobu vody v pddnom profile mozno vypocitat’” pomocou nameranych aktudlnych vlhkosti
jednotlivych vrstiev pddneho profilu zo vztahu (1), ktory uvadza Antal et al. (2014):

W =>6.h  [mm], (1)

kde:
W - z4dsoba vody (mm),
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O; - aktualna vlhkost i-tej vrstvy (cm®.cm?),
hi - hrabka i-tej vrstvy pddneho profilu (mm).
VYSLEDKY A DISKUSIA

Priemerné denné namerané vlhkosti pddy na variante Control a B20 st zobrazené na obr. 3.
Z meranych hodnoét vyplyva, ze takmer pocas celého monitorovaného obdobia bola vlhkost
pody vysSia na plochéch s biouhlim (B20). Opacné vysledky boli namerané iba pocas
dazdivého obdobia od 13 do 26.5.2021, rozdiel ale nebol vyznamny. Pofas monitorovaného
obdobia boli trikrat odobraté vzorky pddy na zistenie vlhkosti gravimetrickou metédou (9.4.,
16.4. a10.6.2021). Zobr. 3 vyplyvaji rozdiely medzi vlhkostami pody zistenymi
gravimetrickou metédou a nameranymi pomocou senzorov STM. Trend je vSak rovnaky,
a sice ze vo vsetkych troch pripadoch bola vyssia vlhkost’ pody na ploche B20.
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Obr. 3. Namerané vlhkosti pody pomocou senzorov STM a zistené gravimetrickou metédou
V porovnani s dennymi ihrnmi zraZok na experimentailnej lokalite Malanta.

Denné zasoby vody boli prepocitané na podnu vrstvu 0-20 cm, pretoze senzory vlhkosti 5TM
zaberaju diameter 10 cm. Boli porovnané so zasobou vody pre hydrolimity pol'nd vodna
kapacita (W(PK)) a bod vidnutia (W(BV)). Rozdiel medzi tymito hydrolimitmi je vyuziteI'na
vodna kapacita, teda voda pristupna pre rastliny (Antal et al., 2014). Z obr. 4 vyplyva, ze
dostatok pristupnej vody pre rastliny bol iba poc¢as vlhkych dni a kratko potom. Vlhkost’ pody
klesla na dlhsie obdobie na ploche Control pod kritickii hodnotu 30.5.2021 a na B20 0 10 dni
neskor 8.6.2021. V nasledujucom obdobi s minimalnym mnozstvom zrazok boli zasoby vody
V povrchovej vrstve pddy vyrazne pod kritickou hodnotou (pod bodom védnutia). Napriek
tomu boli ale vyssie zasoby pddnej vody na ploche B20.
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Obr. 4. Vypocitané zasoby vody (W) v povrchovej vrstve pody na plochiach Control a B20
V porovnani so zasobami pristupnej podnej vody pre rastlinu (rozdiel medzi W(PK) a W(BV)).

ZAVERY

Zasoba vody vpdde je dolezitym faktorom ovplyviiujucim kvalitu i kvantitu
pol'nohospodarskych plodin. V naSom prispevku sme porovnali mnozstvo zasob vody
pristupnej pre pSenicu ozimni pestovant vo vrchnej vrstve prachovito hlinitej pody. Vysledky
ukazali, ze pocCas dlhsieho obdobia zrazkovych dni a kratko po nich bolo na plochach
s biouhlim aj bez neho porovnate'né mnozstvo vody. NaSa hypotéza sa potvrdila pocas
dlhsich bezzrazkovych dni, kedy nastali vyznamnejSie rozdiely medzi variantmi. Hoci boli
VvV tomto obdobi zistené nizke zasoby pddnej vody pri oboch variantoch, napriek tomu boli
vysSie na plochach s biouhlim. V ¢ase vegetacného obdobia je podne sucho negativny faktor,
ktory spdsobuje rastlinam stres, ¢o sa negativne prejavuje na ich kvalitativnych aj
kvantitativnych parametroch. Z nasho vyskumu vyplyva, Ze hoci bolo biouhlie aplikované
eSte vroku 2014, ma aj po 6smych rokoch vyznamny dopad na hydrofyzikéalne vlastnosti
pody av case suchych letnych dni aj pozitivny efekt na zasoby v povrchovej vrstve
prachovito hlinitej pody.
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ABSTRAKT

V poslednom desatro¢i 2011-2020 v takmer vsetkych slovenskych povodiach bol zaznamenany
vyrazny pokles prietokov. Prvoradou otazkou, na ktort sa pokusSaji v sucasnosti vodohospodari
a hydrologovia najst odpoved’ je, ¢o je pri¢inou tohto poklesu. Ci ide o trvaly bytok odtoku
(v dosledku zvySovania teploty vzduchu), alebo pri¢iny treba hladat’ v prirodzenom kolisani
odtoku a antropogénnej Cinnosti ¢loveka. Cielom predlozenej Stidie je Statisticka analyza zmien
hydrologického rezimu troch subpovodi v povodi rieky Ipel' s dorazom na mali vodnost na
zaklade priemernych dennych prietokov za 90-ro¢né obdobie pozorovani (1931-2020).

Kruacové slova: analyza odtoku, minimalne prietoky, rieka Ipel’, navrhové hodnoty

UvVoD

Slovensko je vzhladom na svoju rozlohu velmi réznorodd krajina s Clenitym reliéfom,
pestrym geologickym podlozim, pocetnymi pddnymi druhmi, bohatou krajinnou pokryvkou,
vysokou lesnatostou. K tomu vSetkému sa priddvaju klimatické cCinitele, predovSetkym
zrazky, ktoré st takisto roznorodé v Case a priestore. Vzhl'adom na to je zlozité najst’ regiony
s analogickym reZimom odtoku. Preto je potrebné analyzovat zmeny odtoku osobitne vo
velkom pocte tokov.

Uz v $estdesiatych rokoch minulého storo¢ia v byvalom Ceskoslovensku sa analyze vyvoja
hydrologickych radov venoval cely rad vodohospodarov (napr. Kiivsky (1957), Bratranek
(1960, 1964), Svec (1962), Balek (1968)). Vo svojich pracach Bratranek vyslovil domnienku,
ze v hydrosfére dochadza k prirodzenému, priblizne 90 ro¢nému kolisaniu. Koncom minulého
storocia sa tejto tematike — v suvislosti so zmenou klimy — venovali napr. Klige a kol. (1989),
Bradley (1994), Majeréakova a Skoda (1993), Brazdil a Kolai (1994), Lapin a kol. (1994),
Prenosilova a kol. (1994), Konic¢ek (1996), Hladny (1997), Miklanek (1997), Szolgay a kol.
(1997), Petrovic (1997), Lukjanetz a Sossedko (1998), Gombo$ a kol., (1999), Halmova
(1999).

V 21. storo¢i sa hydrologovia venuju predovsetkym analyze dlhodobych trendov prietokov.
Podrova a kol. (2013) skimali trendy minimalnych roénych a mesacnych prietokov za
obdobie rokov 1961-2012 v slovenskych povodiach. Podl'a ich vysledkov ro¢né minima
klesaju v povodi Moravy, dolného Vahu, Nitry, Hrona, Ipla, Slanej a Bodvy. Stipajuci trend
roénych minim maju toky v povodi horného Véahu, Popradu, Hornddu a Bodrogu. Pekérova a
kol. (2017) porovnavali trendy roénych minim a maxim prietokov na desiatich vyznamnych
slovenskych tokoch v dvoch obdobiach (1931-1972 a 1973-2014). Zistili, Ze minimalne
ro¢né prietoky maju rastaci trend (okrem Vahu a Krupinice), rasti aj 3- a 7-dilové minima.
Naopak, klesajii maximélne roéné prietoky, 3- a 7-diiové maxima. Durigovéa a kol. (2019)
analyzovali priemerné mesacné prietoky na vybranych 14.-tich slovenskych tokoch pomocou
zékladnej popisnej Statistiky a trendovej analyzy. Zistili, Ze najvacSie zmeny v trendovej a
periodickej zlozke st na toku Hron. Z mensich povodi, najmi toky Kysuca, Bystrica a Cierny
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Vah vykazuju $tatisticky vyznamne klesajiice trendy. Durigova a Hlavéova (2020) detekovali
zmeny dekadnych hydro-meteorologickych radov na hornom Vahu, Pavelkova a kol. (2021)
na Vychodnom Slovensku. Podrobna analyza vyvoja prietokov najvyznamnejSich tokov v
povodi Dunaja bola spracovana v ramci spoluprace podunajskych krajin v monografii ,,Flood
regime of rivers in the Danube River basin“ (Ed. Pekarova a Miklanek, 2019). V poslednom
dvadsat’roci boli zaznamenané uz aj zmeny v hydrologickej bilancii v slovenskych povodiach
(Blaskovicova a kol., 2022; Halmova a kol., 2022). V poslednej dekade po roku 2010 sa
vyskytli v celom povodi Dunaja viaceré suché roky. V Eurdpe sa sucho vyskytuje viac v
mediterannej oblasti, v Spanielsku, Taliansku, alebo Grécku. No aj v povodi Dunaja sa v
minulosti vyskytli viaceré extrémne suchd, napr. v roku 1921, 1947, 1992-93, 2003, 2015.
Ciel'om predlozeného prispevku je:

- Statistickd analyza hydrologického rezimu troch subpovodi v povodi rieky Ipel’ na
zaklade priemernych dennych prietokov za 90-roéné obdobie pozorovani (1931-—
2020);

- analyza extrémnych (minimalnych a maximalnych) prietokov uvedenych troch riek.

OPIS POVODI, POUZITE UDAJE

V préaci boli pouzité rady priemernych dennych prietokov z troch vodomernych stanic s
dlhymi radmi pozorovani zo slovenskej ¢asti povodia rieky Ipel’: 1. Ipel’ po stanicu Holisa; 2.
Krupinica po stanicu Plastovce; a 3. Litava po stanicu Plastovce (obr. 1a).

Ipel’ je poslednym priamym pravostrannym pritokom Dunaja na tGzemi Slovenska. Jeho
povodie sa rozprestiera na Slovensku a v Mad’arsku. Slovenska ¢ast’ predstavuje 3650 km?, ¢o
je 7,4% plochy Slovenska. Rieka Ipel’ pri svojej dizke 233 km tegie zvi¢sa juznym smerom a
odvodiiuje juhozipadnu cast’ Slovenského Rudohoria, Javorie a celt Ipelskii planinu.
Najvyssiu nadmorsku vySku v povodi dosahuje vrch Drahova (1118 m n. m.) vo Veporskych
vrchoch. Priemerna nadmorska vyska povodia je 380 m n. m. a priemerny sklon reli¢fu v
smere spadovej krivky je 6,5°. Ipel’ a jeho pritoky na slovenskej a mad’arskej Casti povodia
spolu vytvarajii perovita rieénu siet’. Jej hustota je 1,8 km/km?2. Priemerny roény tthrn zrazok
na povodie je 635 mm. Z tejto hodnoty sa 80% vypari a 20% prestavuje odtok. Povodie sa
nachddza vo vrchovinovo — niZinnej oblasti s dazdovo snehovym rezimom odtoku s
najvysSou vodnostou v jarnych mesiacoch. Povodie Ipla po stanicu Holisa (obr. Ic) ma
685,26 km?. Dlhodoby priemerny prietok Ipl'a v stanici Holisa (1931-2020) je 3 m3.s™.

Povodie Krupinice (obr. 1b) po stanicu Plagtovce méa 302,79 km?. Rieka Krupinica prameni
Vv pohori Javorie pod vrcholom Velky Lisec. Je pravostrannym pritokom rieky Ipel’. Rieka sa
zarezdva do Pliesovskej kotliny, Stiavnickych vrchov, Krupinskej planiny a Ipelskej
pahorkatiny. Dlhodoby priemerny prietok Krupinice v stanici Plastovce bol v obdobi 1931-
1960 2,2 m3s?. Za obdobie 1931-1960 dlhodoba priemerna ro¢na teplota vzduchu v povodi
bola 8,2 °C. Priemerne spadlo v povodi 695 mm zrazok za hydrologicky rok (Charakteristické
hydrologické udaje slovenskych tokov, 1963). Ztejto hodnoty 229 mm odtieklo
prostrednictvom riecnej siete a 466 mm sa odparilo. Toky vytvaraji v povodi prevaZzne
paralelnti riecnu sustavu. Vzhladom knie vel'mi clenitému relié¢fu povodia dosahuje
priemernd nadmorska vySka 450 m n. m.

Litava je vyznamny l'avostranny pritok Krupinice. Povodie Litavy po stanicu Plastovce ma
214,27 km?. Litava ma celkovi dizku 45 km. Prameni v Krupinskej planine, prameii leZi vo
vyske asi 650 m n. m. na juznom svahu pod sedlom medzi vrchmi Kopany zavoz (775 m n.
m.) na zapadnej a Jasefiovy vrch (724 m n. m.) na vychodnej strane (obr. 1b). Uzemie patri do
vrchovinovo - nizinnej oblasti s typom rezimu odtoku dazd’ovo-snehovym s akumulaciou v
mesiacoch december - januar, vysokymi vodnostami vo februari az aprili. V minulosti bolo
vyrazné podruzné zvysenie vodnosti koncom jesene a zaciatkom zimy.

110



Electronic book
Interdisciplinary Approach in Current Hydrological Research

V tabulke 1 su uvedené zékladné hydrologické charakteristiky danych tokov.
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Obr. 1. a) Lokalizacia vybranych subpovodi v povodi Ipl’a, (slovenska cast’).
b) Povodie Krupinica: Pla§t’ovce a Litava: Plastovce
¢) Povodie Ipel’: Holisa.
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Tabulka 1. Zakladné hydrologické charakteristiky vybranych vodomernych stanic s dlhym
radom priemernych dennych prietokov.

: N
< ® Q < 2 &
@ © S 32 o B = S L x 2
g o5& x e g& £&8 fo 58u B¢
T 2 O o o - o= = = o > o TC&
Ow™ n [ o o o < a - I—Q_Z o o«
7440 Holisa Ipel 1931 685,26 56,1 30 0,22 3,257
7580 Plastovce Krupinica 1931 302,79 545 40 0,1 191
7600 Plastovce Litava 1931 214,42 43,9 30 0,11 1,175

METODY

Pri hodnoteni hydrologického sucha sa vyhodnocuju:

- prietokové charakteristiky (minimalne priemerné denné prietoky (v mesa¢nom, resp.
ro¢nom kroku, za celé obdobie), M-denné prietoky (krivka prekrocenia priemernych
dennych prietokov), minimalne mesacné a rocné prietoky, N-rocné minimalne
prietoky);

- neprietokové charakteristiky casovy vyskyt suchych obdobi (datum vyskytu, pocet
dni malo vodnych obdobi, najdlhsia epizdéda sucha) a nedostatkové objemy.

V tejto praci sme sa zamerali na vyhodnotenie oboch charakteristik. Jednotlivé charakteristiky
odtoku boli pocitané z radov priemernych dennych prietokov. Vypocitané boli:

- priemerny ro¢ny prietok (Qr) — vypocitany z priemernych dennych prietokov za
kalendarny rok;

- ro¢né maximum (Qdmax) — najvacsi priemerny denny prietok v kalendarnom roku;

- ro¢né minimum (Qgmin) — najmensi priemerny denny prietok v kalendarnom roku.

Stanovenie a hodnotenie N-ro¢nych minimalnych prietokov a malej vodnosti vo vodomernych
staniciach na Slovensku upravovala OTN 3113-1 (2007), a dnes navrhnuta OTN ZP 3113-
1:04. Na Slovensku sa vyber minimélneho prietoku vykonava podla OTN ZP 3113-1:04 za
vodohospodarsky rok (zaciatok 1. aprila), ked’Ze vSak spracovavame aj maximalne priemerné
denné prietoky, a chceme, aby idaje boli porovnatelné so zahrani¢nymi vysledkami pouzili
sme kalendarny rok (zaciatok 1. januéra). Navrhové hodnoty maximalnych roénych prietokov
sa urcuju za hydrologicky rok. Za hydrologicky rok sa na Slovensku povazuje obdobie od 1.
novembra do 31. oktobra. Je ureny tak, aby vSetky spadnuté zrazky v danom roku tiez
odtiekli. Predpoklada sa, ze vicSina zrazok, ktoré spadnii v novembri a v decembri, mé na
horach formu snehu, kde sa akumuluju. Roztopia sa a odtect az v jarnom obdobi v
nasledujucom roku. Upozoriiujeme, ze v tejto Stidii nepouzivame rad Qmax — kulminacnych
prietokov, ale rad maximalnych priemernych dennych prietokov Qdmax.
Pri pravdepodobnostnom hodnoteni minimalnych prietokov vo vodomernych staniciach
najdolezitejSim krokom je vyber teoretickych Ciar nedostipenia, tj. vyber najvhodnejSieho
typu teoretickej Ciary a metddy odhadu jej parametrov. Na Slovensku sa pouziva ,,Metodika
DVWK*, podla ktorej sa vyberd najlepSie z viacerych typov rozdeleni (Gumbelovo
rozdelenie (E1), generalizované extremalne rozdelenie (GEV, AE), Rossiho rozdelenie (ME),
3-parametrické logaritmicko-normalne rozdelenie (LN3), 3-parametrické rozdelenie Pearsona
(P3, tiez oznaCované PE3), 3-parametrické rozdelenie log-Pearson (LP3), 3-parametrické
rozdelenie Weibulla (WB3)). Pre odhad parametrov rozdelenia sa odporucaju: metoda
momentov, metdda kvantilov, alebo metdéda maximalnej vierohodnosti.

My sme pri hodnoteni N-ro¢nych minimélnych a maximdalnych prietokov pouzili Log-
Pearsonovo rozdelenie III. Typu (LP3). Zmenami koeficientu Sikmosti pri tomto rozdeleni je

112



Electronic book
Interdisciplinary Approach in Current Hydrological Research

mozné zlepsit odhad v oblasti minim, alebo v oblasti maxim). Vzhladom na moznosti
regionalizacie parametrov rozdelenia neodpori¢ame pouzivat’ rozne typy rozdeleni, ale
rozhodnut sa pre jedno rozdelenie apodla toho spracovat’ vsSetky udaje a parametre
regionalizovat’. Na prevod pravdepodobnosti nedostipenia (P) na priemernu dobu opakovania
1x za N rokov plati vzt'ah:

1

P=(-e ¥).100 )

ktory pre zauzivané kvantily pravdepodobnosti P (v %), resp. priemerné doby opakovania N
(v rokoch) je uvedeny v nasledujucej Tabulke 2.

Tabul’ka 2. Prevod pravdepodobnosti na priemerna dobu opakovania

P [%] 1 2 5 9,5 18,1 39,3 63,2
N[pocet rokov] 100 50 20 10 5 2 1
VYSLEDKY

Statistickd analyza prietokovych charakteristik

Na obrazku 2 vlavo st zndzornené priebehy priemernych ro¢nych prietokov vybranych troch
povodi. Vo vsetkych troch tokoch bolo prvé desatrocie mimoriadne vodné, predovsetkym
roky 1936-1940. Najsuchsie desatro¢né obdobie sa vyskytlo v rokoch 1981-1990 v Ipli
a Litave, v Krupinici v dekade 2011-2020. Najvodnejsi rok bol 1937, v Litave 2010.
Najmenej vodny rok v Litave a Krupinici bol rok 2012, v Ipli po Holisu rok 1943.
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Obr. 2. VPavo - priebeh priemernych ro¢nych (modré body) a 7-roénych kizavych priemerov
(¢ervena Ciara), vpravo - dekadne prietoky; obdobie 1931-2020.
Zhora Ipel’: Holisa, Krupinica: PlaSt’ovce, Litava: Pla§t’ovce.
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Obr. 3. Priebehy priemernych 30-ro¢nych mesa¢nych prietokov (s 15-roénym posunom)
v obdobi 1931-2020. (vPavo - Krupinica: Pla§tovce, vpravo - Litava: Plastovce).

Mesacny chod prietokov Krupinice, Litavy a Ipla po stanicu Holisa je ve'mi podobny,
najvyssie prietoky sa vyskytuji v marci, najnizSie v auguste. Na obrazkoch 3 je evidentny
pokles prietokov Krupinice a Litavy v zimno-jarnom obdobi, v mesiacoch november — april.

Trendy radov minimalnych a maximalnych charakteristik priemernych dennych prietokov

Z radu priemernych dennych prietokov Ipl'a za obdobie 90 rokov sme vytvorili rady 1-, 3-, 7-,
30- a 90- dennych maximalnych (obr. 4, vpravo) a minimalnych (obr. 4, vl'avo) prietokov.
V obdobi 1982-1996 boli minimalne 7-denné prietoky Ipl'a pod hranicou 0,5 m3s™.
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Obr. 4. Priebeh 1-, 3-, 7-, 30- a 90- dennych maximalnych (vpravo) a minimalnych (vI’avo)
prietokov za obdobie 1931-2020; Ipel’: Holisa. Modrymi bodmi st zniazornené dni vyskytu
minimalnych a maximalnych prietokov v danom roku (Juliansky deri).

Z obr. 4 vyplyva, Zze minimalne prietoky sa v Ipli vyskytovali aj v zimnych mesiacoch (modra
Ciara na grafe). V mokrom roku 2010 bol minimalny prietok najvyssi. Maximalne priemerné
denné prietoky v Ipli maju klesajuci trend, ani povoden v roku 2010 nedosiahla prietoky
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zrokov 1937-1941. V Krupinici bol priebeh vybranych charakteristik minimalnych
a maximalnych prietokov podobny (obr. 5). AZ na minimélne charakteristiky Ipla, ostatné
rady vSetkych charakteristik maju klesajuci trend (Tabulka 3).

Q [m?s?] Q [m3s?] Q [m3s?] Julian Day Q [m3s?]

Q [m’s™]

o 1-day min

e Polynomicky (1-day min)

== Date min

1931

1951

o 3-day min

1991 2011
Polynomicky (3-day min)
L]

1971

1951

80

d’mo

1951

po)

o-30-day min

fo}

¢}

1971

Q
00 o
fo}

Polynomicky (30-day min)

[}

o R R

100 mocoabo 5 g0 B

$ o

Q
P86

P

o oS
WP 00 g0 b

1931

2 -

1.5 1
14
0.5

©-=90-day min

*o
> ©

1951

°

°

<

o

1971

°
s R

Polynomicky (90-day min)

1991 2011

°

o

3

% " OOSIRG 0 o5 © R ST G BT &

3
R 5o OO0

0
1931

1951

1971

1991 2011

—e— 1-day max Linedmy (1-day max)
60
» 40
£
— 20
(o4
0
1931 1951 1971 1991 2011
400 —=—Date max
2 300 -
O 200
c
£ 100 {
=3
il 0
1931 1951 1971 1991 2011
80 1 —e— 3-day max Lineamy (3-day max)
. 60
&L a0
E
o 20
0 T T T T T T T T
1021 1081 1071 1001 2011
60 —
—e—7-day max Linedamy (7-day max)
o 40
o
E 20
© 0
1931 1951 1971 1991 2011
30
~—o— 30-day max Lineamy (30-day max)
o
b
E
(o4
1931 1951 1971 1991 2011
15
—o—90-day max Lineamny (90-day max)
— 10 ]
&
E 5]
(o4
0

1931

1951 1971

1991 2011

Obr. 5. Priebeh 1-, 3-, 7-, 30- a 90- dennych maximalnych (vpravo) a minimalnych (vP’avo)
prietokov za obdobie 1931-2020; Krupinica: Pla§t’ovce. Modrymi bodmi sii znazornené dni
vyskytu minimalnych a maximalnych prietokov v danom roku (Julidnsky der).

Tabul’ka 3. Sklon - linearny trend vybranych hydrologickych charakteristik priemernych
dennych prietokov v Ipli, Krupinici a Litave za obdobie 1931-2020. Qpx — priemerny denny
prietok dosiahnuty X% dni v roku

Ipel’ Krupinica Litava
Qdmin 0.0010 -0.0006 -0.0004
Qr -0.0174 -0.0146 -0.0087
Qdmax -0.3302 -0.2703 -0.0794
Qroo -0.2168 -0.1428 -0.0873
Qus0 -0.0568 -0.0444 -0.0309
Qrso -0.0037 -0.0030 -0.0021
Qu330 0.0014 -0.0006 -0.0004
Qro1 0.0012 -0.0006 -0.0005

V obdobi 1981-1998 miniméalne 7-denné prietoky Litavy boli pod hranicou 0,09 m3s? (obr.
6). VsSetky rady vybranych charakteristik v Litave maju klesajuci trend (Tabulka 3).
Minimalne prietoky sa do roku 1975 vyskytovali aj v zimnych mesiacoch. Po roku 1975 uz
len v letnych mesiacoch. Rok 2010 bol ¢o sa tyka minimalnych prietokov najextrémne;jsi.
Vyskyt maximalnych priemernych dennych prietokov v Litave mé sice mierne klesajuci
trend, ale v rokoch 1999, 2006, 2010 a 2014 sa na Krupinici i Litave v Plastovciach vyskytli
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extrémne povodne. Na zdklade castejSieho vyskytu povodni boli v roku 2016 pri tokoch
Litava a Krupinica v Plastovciach vybudované protipovodiové hradze. (obr. 7).
Zatial’, ¢o v Ipli minimalne prietoky rastli, v Krupinici a Litave klesali (obr. 8).
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Obr. 6. Priebeh 1-, 3-, 7-, 30- a 90- dennych maximalnych (vpravo) a minimalnych (vI’avo)
prietokov za obdobie 1931-2020; Litava: Plastovce. Modrymi bodmi st znazornené dni vyskytu
minimalnych a maximalnych prietokov v danom roku (Juliansky deti).

Obr. 7. Vodomerna stanica Litava: Pla§tovce, nova protipovodiiova hradza (Foto 2021, J.
Mészaros).
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Obr. 8. Minimalne priemerné denné $pecifické odtoky qamin pre tri rady, trend.

N-rocné minimalne prietoky

Teoretické LP3 ciary nedostupenia/podkrocenia radu 1-dilovych minimélnych ro¢nych
prietokov Qdmin danych tokov st vykreslené na obr. 9a-c. Aby bolo mozné porovnat’ N-ro¢né
minimalne hodnoty medzi sebou, budeme v dalSich analyzach pracovat aj s
radmi minimalnych $pecifickych odtokov qdmin V litroch z km? z danych troch povodi.
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Obr. 9a. Teoreticka LP3 ¢iara nedostipenia 1-dennych minimalnych prietokov (modra ¢iara)

97,5 a 2,5 horny a dolny limit (¢ervené Ciary), a empirické hodnoty (zelené body),
Ipel’: Holisa.
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Obr. 9b. Teoreticka LP3 ¢iara nedostipenia 1-dennych minimalnych prietokov (modra ¢iara)
97,5 a 2,5 horny a dolny limit (¢ervené ¢iary), a empirické hodnoty (zelené body),
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Obr. 9c. Teoreticka LP3 ¢iara nedostipenia 1-dennych minimalnych prietokov (modra ¢iara)

97,5 a 2,5 horny a dolny limit (¢ervené ¢iary), a empirické hodnoty (zelené body),
¢) Litava: Plastovce.
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Odhadnuté hodnoty N-ro¢nych minimalnych 1-dennych pretokov a Specifickych odtokov st
zosumarizované v Tabulke 4.

TabuPka 4. N-ro¢né 1-diiové minimalne prietoky Q [m3s?] a $pecifické odtoky q v [l.s*km?]
vo vodomernych staniciach Ipel’: HoliSa, Krupinica: Plastovce a Litava: Plast’ovce

Litava Q Q(5) Q(95) q q(5) a(95)
N-ro¢nost’ p % [m3s?] [I.stkm"

]
100 0.01 0.009 0.011 0.007 0.042 0.052 0.032
50 0.02 0.011 0.014 0.009 0.052 0.064 0.041
20 0.05 0.016 0.019 0.013 0.073 0.087 0.059
Krupinica Q Q(5) Q(95) q q(5) a(95)
N-ro&nost’ p % [m3s?] [I.stkm

]
100 0.01 0.022 0.027 0.017 0.073 0.090 0.057
50 0.02 0.029 0.035 0.023 0.096 0.114 0.077
20 0.05 0.042 0.048 0.035 0.139 0.160 0.117
Ipel Q Q(5) Q(95) q qa(s) a(95)
N-ro¢nost’ p % [m3s?] [1.sTkm

]
100 0.01 0.027 0.036 0.018 0.039 0.053 0.027
50 0.02 0.040 0.052 0.029 0.058 0.075 0.042
20 0.05 0.069 0.085 0.053 0.100 0.124 0.078

ZAVER

Vo vsetkych troch tokoch v slovenskej casti Ipl'a bolo prvé desatroc¢ie mimoriadne vodné,
predovsetkym roky 1936—1940. Najsuchsie desatrocné obdobie sa vyskytlo v rokoch 1981—
1990 v Ipli a Litave, v Krupinici v dekade 2011-2020. Najvodnejsi rok v Ipli a Krupinici bol
rok 1937, v Litave 2010 (obr. 10). Najmenej vodny rok v Litave a Krupinici bol rok 2012, v
Ipli po Holisu rok 1943. Vysoké prietoky z obdobia 1936-1941 zodpovedaju nadpriemernych
zrazkovym Uthrnom v tomto obdobi.
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Obr. 10. Priebeh ro¢nych uhrnov zrazok v stanici Senohrad a priemernych ro¢nych prietokov
Litavy v Pla§tovciach.
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Nasledny pokles prietokov v druhom tridsatro¢i bol sposobeny poklesom zrazok v obdobi
1967-1972 (obr. 10). Po roku 1993 napriek vyssim zrazkovym thrnom prietoky nedosahuju
uroven z obdobia 1936-1940. Pravdepodobnym dovodom je vyznamny rast teploty vzduchu
V poslednom tridsat’ro¢i a z toho dovodu zvySenym vyparom (Halmova a kol. 2022).

Hodnoty dennych prietokov v Ipli v stanici HoliSa majt mierne klesajuci trend, ani povoden v
roku 2010 nedosiahla prietoky z rokov 1937-1941

V d’alSej praci sa treba zamerat’ na analyzu radov maximalnych ro¢nych kulmina¢nych
prietokov v povodi Ipl'a ana budtci vyvoj prietokov za pouzitia scenarov vyvoja teploty
vzduchu na Slovensku (Melo a Gera, 2021).

Variabilita hydrometorologickych pomerov v réznych castiach povodia Dunaja sa zakonite
odzrkadl'uje v Specifickych odtokoch v jednotlivych staniciach. Napriklad 100-ro¢né 1-dnové
minimalne Specifické odtoky vo vodomernych staniciach na Dunaji st najvysSie v stanici
Achleiten pod sutokom s Innom 4,75 1.s*km™, az po Bratislavu si zachovavaju podobnu
tiroveni, ale na strednom a dolnom toku klesaju az na 1,77 1.sTkm™ v stanici Reni (Halmova
a kol., 2021). Variabilita je 1 na pritokoch Dunaja, kde na rieke Morave a Tisze je 100-rocny
$pecificky odtok 0,35/0,51 l.skm?, ale na Lechu a Save presahuju 5 l.s*km?2. Z tohto
pohl'adu su odhadnuté hodnoty 100-ro¢nych minimalnych Specifickych odtokov v povodi
Ipl'a extrémne nizke.
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ABSTRACT

Rainfall Intensity-Duration-Frequency (IDF) relationships express how quantiles of extreme
rainfall intensities vary with rainfall duration and the frequency of their occurrence. IDF
relationships are essential for the design of hydraulic structures in urban areas. A multi-scenario
ensemble of EUROPE-CORDEX simulations of rainfall can provide important information on
how future rainfall extremes may translate into IDFs in a changing climate. In our preliminary
analyses we chose the RCP 8.5 scenario, which corresponds to a 8.5 W/m? forcing across the
planet and a temperature increase of about 4.3°C by 2100 (relative to pre-industrial temperatures).
Two types of input data have been used in this study to describe the current and future climate
conditions: 1-minute resolution data measured with self-registering rain gauges, and a multi-model
ensemble of EUROPE-CORDEX daily precipitation. Due to the relatively short length of sub-
daily rainfall observations (typically < 20 years), the Bayesian inference of GEV distribution
parameters was used. Local rainfall scaling relationships have been estimated and used to
construct sub-daily IDF relationships from the 24-hr EUROPE-CORDEX quantiles.

Keywords: IDF, GEV distribution, rainfall, EUROPE-CORDEX, RCM

INTRODUCTION

According the Clausius-Clapeyron relation the atmosphere’s water holding capacity increases
with rising air temperature at a rate of approximately 7% per 1°C (Onderka et al., 2021,
2022). There is an ongoing debate about how rising air temperature will affect the occurrence
of rainfall extremes in the future (Ganguli and Coulibaly 2017; Agilan and Umamahesh,
2016). Statistics of rainfall extremes is essential for reliable design of numerous engineering
infrastructures and prevention of soil erosion and estimation of soil losses (Onderka et al.,
2021, 2022; Yan et al., 2021). In a recent study conducted in the Netherlands, Lenderink et al.
(2017) found that extreme sub-hourly precipitation extremes increased above the Clausius—
Clapeyron relation, a phenomenon described as super-CC scaling. Similar findings were
reported recently also from other regions of the world (Ban et al. 2015; Berg et al. 2013,
Blenkinsop et al., 2015; Miao et al. 2015; Schroeer and Kirchengast , 2018; Wasko and
Sharma 2017, 2015; and Shaw et al. 2011). However, the rate at which rainfall extremes
increase with rising air temperature is not universal, which means that regional and local
peculiarities are to be expected. The EUROPE-CORDEX rainfall projections are an important
piece of information for studies concerned with how rainfall extremes may evolve in the near
future.

The objectives of this study are threefold: (1) to estimate GEV distribution parameters of
annual maximum rainfall intensities using data from rain gauges in Slovakia over the period
1991-2021, and an ensemble of EUROPE-CORDEX RCMs (RCP 8.5) over the period 2021-
2099; (2) to estimate IDF relationships and local scaling functions from the quantiles inferred
from station-based data series; (3) to apply the envelope curve of the local scaling functions to
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the ensemble of EUROPE-CORDEX simulations in order to project IDF relationships of sub-
daily intensities for 5, 15, 30, 60, 120 and 180-minute rainfall durations.

METHODS AND DATA

Input data

Two types of input data have been used to describe the current and future climate conditions:
1-minute resolution data measured with self-registering rain gauges, and a multi-model
ensemble of EUROPE-CORDEX daily precipitation with approx. 12 km grid spacing. In our
preliminary analyses we focused on using climate projections downloaded via API on
https://cds.climate.copernicus.eu.

Table 3. List of RCMs used to create multi-scenario ensemble

GCM RCM RCP RCP RCP
2.6 4.5 8.5
cnrm cerfacs cm5 aladin63 - - X
cnrm cerfacs cmb5 knmi racmo22e - - X
mohc hadgem?2e gerics - - X
remo2015
mohc hadgem?2e knmi racmo22e - - X
mohc hadgem?2e rca - - X

Regional climate models (RCMs) were used to create a multi-model ensemble of rainfall
quantiles (Table 1). In the presented analyses the RCP 8.5 scenario was chosen. This scenario
corresponds to 8.5 W/m? forcing across the planet and a temperature increase of about 4.3°C
by 2100 (relative to pre-industrial temperatures). Another source of data was rain gauge
observations. An annual series of maximum rainfall extending through approx. 1991-2021
was extracted from the digital databases of the Slovak Hydrometeorological Institute. First,
the raw rainfall data were checked for quality and aggregated to 5, 10, 15, 30, 40, 50, 60, 90,
120, 180, 240...1440 minutes rainfall intensities.

Data processing

Due to the relatively short length of sub-daily rainfall observations (typically < 20 years), the
Bayesian inference of GEV distribution parameters was deployed. The method of annual
maxima series (AMS) was used in combination with the General Extreme Value (GEV)
distribution parameters (Onderka et al., 2022). The GEV distribution is defined as:

Fogy(x) = exp l— (1 + f{%))_lﬁl (1)

where:

x denotes the random variable representing the annual maximum rainfall intensity, Fgev is the
distribution function defined for {x:1 +(&(x-w)/o) > 0}, -0 < u < 0, ¢ > 0. and -0 < & < oo,
where u is the location parameter, o is scale parameter, and is the shape parameter (Ragno et
al., 2019; Cheng et al., 2015; Smith et al., 2001). The inverse function of the GEV distribution
was used to calculate the individual quantiles. The ProNEVA package developed in Matlab®
by Ragno et al. (2019) was used to calculate the individual quantiles from the available annual
maxima (5-min to 1440-min intensities) calculated from the rain gauge records and the
EURO-CORDEX data (24-hr rainfall depths). First, the parameters of the GEV distribution
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and the corresponding quantiles of rainfall intensities were estimated for 150 locations in
Slovakia. A more detailed procedure of applying the Bayesian approach is shown in a recent
paper of Onderka et al. (2022). The same procedure was then applied to annual maxima series
from CORDEX data. The resulting 24-hr quantiles were averaged to get ensemble quantiles
for each grid-point. For the purposes of this conference paper, the methodology used to
construct IDF relationships for sub-daily rainfall durations was inspired by the work of
Koutsoyiannis et al. (1998a, b), who combined the records of daily maximum rainfall depths
with rain-recording (sub-daily observations) to construct an IDF curves (a generalizing
graphical form of IDF relationships). The shape of IDF curves can be written the general
form:

a(T) _  AT"

i(d,T) = b(D)  (D+&)7 @)

where:

i(D, T) is the rainfall intensity corresponding to duration d and return period Ty, and a(T) and
b(D) are functions of T, and D, respectively. The nominator a(T) in Eq. 2 can be derived
directly from the distribution of rainfall intensities (or 24-hr rainfall depths) using data of self-
registering or classical non-recording gauges (Koutsoyiannis et al..1998a, b), or even rainfall
projections such as the EURO-CORDEX data used in this paper. On the other hand, the
denominator b(D) in Eq. 2 has to be derived from self-recording (with sub-daily resolution)
rain gauge data. In the presented work, local scaling functions were derived for 150 locations
equipped with rain gauge. A simplified flowchart of the applied procedure in shown in Fig. 1.
An envelope curve representing the whole territory of Slovakia was calculated from the
individual scaling functions as the 95" percentile of the scaling parameters (Fig. 2). The 24-hr
quantiles calculated from EUROPE-CORDEX data were down-scaled to sub-daily durations
(5, 15, 30, 60, 120 and 180-minute rainfall durations) by applying the envelope curve to the
CORDEX ensemble 24-hr quantiles.

envelope curve
5..1440

Self- min of
registering GEV auantles IDF R Local scaling
rain gauge curve functions

! dgta”g D = 5...1440 min parametrization

EUROPE- GEV amie  Downscalin
CORDEX E— q" rocedureg
RCP8.5 24-hr totals P

| sub-daily IDF
"

Fig. 3. Schematics of the downscaling procedure.
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SCALING FUNCTIONS

Scaling parameter

D (min)
Fig. 2. Scaling functions derived for all 150 locations that are equipped with self-registering and
automatic rain gauges. The envelope curve (indicated in red) is defined as the 95™ percentile of

scaling parameters corresponding to individual rainfall durations D.
RESULTS AND DISCUSSION

An example of quantiles generated for 5, 10, 15, 20, 30, 60, 120 and 180-min rainfall
intensities for locations equipped with rain gauges is shown in Fig. 3.

D=5min T =30 rokov D=10min T =30 rokov
496 2500 496 2500
49.4 49.4
482 2000 = 492 2000 =
488 - 1600 § o488 1500 %
3 > s =
Sa86 kY 24885 =
£ E £ €
Zaua 1e00 £ a8 1000 £
- el 5
a8.2 kS 62 Tk m 3
610L s ha J
a e e 44015 ha =
478 - @ 3900 & ha! 478 2701 5" ha!
o . . . o
7 18 19 0 21 22 17 18 19 20 21 22
Zamepisna dizka Zemepisna dizka
D=15min T, =30 rokov D=20min T, =30 rokov
' ' '
496 2500 496 2500
494 49.4 e ’Jw <
492 2000 = 492 @ . C 200 =
g a- g a- £
2488 1500 % o488 - 1500 %
2 = 2 =
2485 kS 2486 ks
7 7
5 4.4 1000 5 S asa 1000 £
~ S saoLs et H ~ S a50Ls ke H
82 poidas 3 82 hdas 3
3 430Ls ha! - 500 = 3 360Ls" ha! - 500 =
48 R 48 At
32015 bha 27015 ha
478 2201 57 pat 478 1801 57" ha!
. . . o . . . o
17 18 19 20 21 2 17 18 19 20 21 2
Zemepisna dizka Zemepisna dizka
D=30min T, =30 rokov D=60min T, =30 rokov
' ' !
496 2500 498 2600
494 404
492 2000 = 49.2 2000 =
g w : g u
i < E £
@488~ 1500 £ TS 1500 %
5 kS ki =
% 486 = 3 4586 =
% %
5 asa 1000 5 £ ana 1000 §
N i £ N 5
82 Tote b 3 62 3
290L 5™ ha |
- 22008 ha! # m 0
ol 1401 57" pa! 478
' . ! 0 L [
7 18 19 20 21 2 17 18 20 21 22
Zemepisna dizka Zemepisné dlzka
D=120min T =30 rokov D=180min T =30 rokov
' ' I ' !
408 2500 408 2500
49.4 49.4
492 2000 = a0z 2000 =
g H
3 sk £ 2 sk <
E] < E i
EEEEE 1500 2 EEEE 1500 2
g Ed g Ed
K] = K] T
3 4586 = 3 4586 =
5 asa 1000 5 £ ana 1000 §
~ ) Tra' 3 ~ 1z0Ls "k ! 3
B2 180Ls X A X Ed B2 i‘ E‘ 3
10Ls ha 80Ls" ha
500 - 500
m 80Ls" ha! m @ oaoLs' !
478 FLIE 478 © a0l s ke
. . . . B . . . . o
17 18 19 20 2 22 17 18 19 20 21 22
Zemepisns dlzka Zemepisné dlzka

Fig. 3. Local estimates of selected 30-year short-duration rainfall intensities.
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The intensities are expressed in L s ha. Due to the limited space in this conference paper,
only the quantiles corresponding to the 30-year return period are presented. In general, the
effect of orographic precipitation enhancement is apparent. Low-land areas located in the
southern portion of western and eastern Slovakia exhibit low rainfall intensities. The down-
scaled sub-daily quantiles obtained from the EUROPE-CORDEX projections are presented in
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Fig. 4 for 10-year return period.
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Fig. 4. Example of down-scaled quantiles derived from 24-hr ERUROPE-CORDEX ensemble.
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The highest quantile values are found in mountainous regions due to the orographic effects,
especially in the High Tatras, where the 5-min intensity exceeds 550 L s* ha™’. In contrast to
the mountains, much lower rainfall intensities are projected for low land areas, with the
lowest intensities in the east-southern part of Slovakia (~450 L s hal). So far, the down-
scaling procedure described in this paper is based on applying a single scaling function
(defined as the 95™ envelope curve) to the EUROPE-CORDEX 24-hr quantiles. However, a
greater amount of regional differences could be achieved by regionalizing the scaling
functions, which an interesting avenue for future research.

CONCLUSIONS

Although the presented results are preliminary and more analyses are still being done, the
partial conclusions can be summarized as follows:

* IDF relationships for rainfall durations ranging from 5 to 1440 minutes have been
established for selected locations in Slovakia

* Local scaling functions have been derived for a broad range of periodicities and
rainfall durations

» Sub-daily IDF relationships have been downscaled for a multi-model ensemble of
EUROPE-CORDEX runs

* A higher robustness of the estimated IDF relationships will be achieved with more
ensemble members and other RCPs
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ABSTRAKT

V rokoch 2010 — 2020 sme merali hodnoty pH a elektrolytickej vodivosti v kanalovej sieti Zitného
ostrova. Zo ziskanych vysledkov vyplyva, ze priemerna hodnota pH sa pocas celého sledovaného
obdobia pohybovala od 6 do 8,5. V ¢&istych prirodnych vodach (povrchovych aj podzemnych) je
hodnota pH zvy€ajne urena rovnovahou medzi volnym CO; a viazanym CO: (karbonatova
rovnovaha). Nizke hodnoty vodivosti boli namerané v zime a na jar. V letnych mesiacoch sa
hodnoty zvysili az na maximalnu hodnotu v auguste.

Chemické a biologické procesy prebichajice vo vode mozu vyrazne ovplyvnit' pH a vodivost
vody. Zistili sme vieobecne stipajiicu tendenciu hodnét vodivosti v pozdiznom profile vodného
toku. Pozorovali sme pravidelnost’ v sezénnej dynamike hodnét pH a vodivosti. Miesto odberu
vzoriek malo va¢si vplyv na pH a vodivost’ ako sezonna dynamika.

Keywords: elektrolyticka vodivost, pH, kvalita vody

UvVoD

Zitny ostrov (Z0) je izemie medzi Bratislavou a Koméarnom, ohrani¢ené Dunajom a Malym
Dunajom. Charakter vyuzitia krajiny (poI'nohospodarsky vyuzivané uzemia) sa premieta do
zvySenych hodnot pH a elektrickej vodivost (EC). Nevhodné hospodéarenie na pdde modze
ohrozit' kvalitu povrchovych a podzemnych vod. Z tohto hladiska je regién ZO velmi
zraniteI'nd oblast’, ktord je uzemim najbohatSim na zisoby podzemnych vod. Zaroven je
najvyznamnej$im polnohospodarskym regionom Slovenska. Prebieha tu intenzivna
pol'nohospodarska ¢innost’, ktora determinuje charakter krajiny (Kobza et al. 2002, Noskovi¢
et al. 2007).

Monitorovana lokalita je napdjand tzv. hlavnym pradom podzemnej vody, ktory smeruje
juhovychodnym smerom rovnobezne s Dunajom. Podzemné vody monitorovanej lokality su
trvale napdjané pri vSetkych vodnych stavoch Dunaja brehovou filtraciou. V rezime rozkyvu
podzemnej vody sa vSak prejavuje vyrazne vplyv zrazok a thrnného vyparu, ktoré vzhl'adom
na charakter napdjania a drénovania Gzemia st dolezitym faktorom vplyvajlicim na vodny
rezim (Biskupi¢ 2001, Dubova et al. 1996, Dulovicova et al. 2021).

Kwvalita povrchovej vody je ovplyviiovana zdrojmi znecistenia, ktoré sa v zduyjmovom uzemi
nachadzaji. Naj€astejSimi bodovymi zdrojmi znecistenia povrchovych vod su mestské a
priemyselné odpadové vody. Prejavy znecistenia urbanizovaného izemia st hlavne v naraste
elektrolytickej vodivosti, obsahu dusi¢nanov, siranov, chloridov a organického znecistenia.
Najvacsim plosnym zdrojom znecistenia prirodnych vod je polnohospodarstvo. Nadmerné
anespravne pouzivanie priemyselnych hnojiv moze negativne ovplyvnit pddu, ako aj
povrchové a podzemné vody (Blaine et al. 2011, Rathore et al. 2016).

V oktobri 2000 bola prijata Ramcova smernica o vode (RSV, Water Framework Directive,
WEFD) a Smernica 2000/60/EC Eurdpskeho parlamentu a Rady, ktord ustanovuje ramec pre
¢innost” Spolocenstva, tykajiceho sa politiky v oblasti ochrany vod. V sulade s RSV vyplyva
pre SR tuloha zhodnotit’ dlhodoby vyvoj vplyvov a dopadov l'udskej Cinnosti na povrchové a
podzemné vody.

129



Electronic book
Interdisciplinary Approach in Current Hydrological Research

Pritomnost’ anorganickych rozpustenych latok (celkovd mineralizacia) je jednym z hlavnych
indikatorov kvality vody a jej vlastnosti. pH vyznamne ovplyviiuje priebeh chemickych a
biochemickych procesov vo vodach. Umoziuje rozlisit’ jednotlivé formy vyskytu niektorych
prvkov vo vodach, je jednym z hladisk uplatiiujicich sa pri posudzovani mnohych
technologickych procesov pouzivanych pri tUprave vod (Noskovic 1999, Tolgyessy et
Melichova, 2000).

V cistych prirodnych vodach (povrchovych aj podzemnych) je hodnota pH v rozmedzi od 4,5
az do 8,3 dana zvyc¢ajne rovnovahou medzi vol'nym CO: a viazanym CO; (tzv. uhli¢itanovou
rovnovahou) (Gabri§ et al.,, 1998). Tato zavislost moézu ovplyviiovat humusové latky a
kationy rychlo podliehajice hydrolyze. Pokles pH vody pod 4,5 sposobuje pritomnost
vol'nych anorganickych aj organickych kyselin. Prirodné vody s pH nad 8,3 obsahuju i6ny
COs? a pri hodnotach nad 10 sa na hodnote pH vyrazne podielaju aj iony OH™ (Biskupic,
1991, Pitter, 1999).

Chemické a biologické procesy prebiehajice vo vode mozu vyrazne ovplyvnit’ pH vody. Ide
bud’ priamo o uvolfiovanie alebo spotrebu ionov HsO", resp. OH-, alebo nepriamo o
uvolniovanie alebo spotrebu vol'ného oxidu uhli¢itého. Napriklad pri biologickej nitrifikacii sa
uvolfiuji vodikové i6ny, ktoré reaguju s pritomnymi hydrogenuhli¢itanmi za stcasné¢ho
uvolnenia vol'ného COy. Tiez respiraciou pritomnych organizmov sa uvoliuje CO2 a pH
vody klesd. Vzostup pH vody sa d4 naopak pozorovat pri biologickej denitrifikacii alebo
redukcii siranov (Holobrady et al., 1991).

Elektrolytickd vodivost’ je miera koncentracie ionizovanych anorganickych a organickych
suCasti vody. Zavisi od koncentracie i6nov, ich pohyblivosti a teplote. Pri prirodnych a
uzitkovych vodach s velmi nizkou koncentraciou organickych latok je mierou anorganickych
elektrolytov (anidonov a kationov), v zriedenych roztokoch je linedrnou funkciou koncentracie
i6nov (Gabris et al., 1998, Hudec, 1996, Stredansky, 1999).

Na vzostup vodivosti ma podla Noskovic€a et al. (2001) vplyv aj antropogénna Cinnost. Podfa
ich vysledkov dochadza k zvySeniu vodivosti vo vodnom toku nasledkom zneCistovania
odpadovymi vodami, ktoré obsahuju velké mnozstvo rozpustenych anorganickych a
organickych latok. Vodivost umozhuje ziskat okamziti predstavu o Casovych zmenach
Vv koncentrécii anorganickych latok v prirodnych, Gzitkovych a odpadovych vodach, pretoZe
meranie moze prebichat’ kontinualne. To ma znaCny vyznam pri priebeznej kontrole kvality
tychto vod (Pitter, 1999).

Elektrolytickd vodivost’ je pribliZzna miera koncentracie elektrolytov (i6novo rozpustenych
latok) vo vode. Vyjadruje teda nepriamo obsah mineralnych latok (,,soli, rozpustenych latok
— RL) vo vode. Limit vodivosti pre pitni vodu je 125 mS.m™, ¢o zodpoveda obsahu RL asi
1000 mg.I"t. Optimalne by vsak pitna voda mala obsahovat’ RL menej, asi 200 — 400 mg.I*
(asi 25 — 50 mS.I"Y). Vody s mineralizaciou viac ako 1000 mg.1"! sa povazuju za minerélne a
nie si vhodné na stale pitie (Blaine et al. 2011, Randall et al. 2001).

Moderné pristrojové vybavenie umoznuje rychle a spol'ahlivé meranie pH a vodivosti.

METODY A DATA

V priebehu rokov 2010 — 2020 sme odoberali vzorky vody za t¢elom monitorovania a
hodnotenia jej kvality na zaklade vybranych ukazovatel'ov kvality povrchovych vod. Odbery
vzoriek sa realizovali pravidelne mesacne z 9 odberovych miest, ktoré boli vybrané tak, aby
pokryli oblast’ Zitného ostrova. Pri hodnoteni ziskanych vysledkov je mozné pouzit' viacero
matematicko-statistickych metod:

Metody vzajomného porovnavania

Post-hoc porovnavanie
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Kvalita vody sa hodnotila porovnanim charakteristickej hodnoty pre jednotlivé ukazovatele
vo vsetkych odberovych miestach vypocitanej podla STN 75 7221 s odporic¢anou hodnotou
pre tieto ukazovatele uvedenou v Nariadeni vlady ¢. 269/2010 Z. z.

Post-hoc testov je cely rad. Medzi nejznamejSie patri metdda Tukeyho, Schedého,
Duncanova, Newmanova—Keulsova, Fisherova, Bonferroniho, atd’. Kazda z tychto metdod ma
svoje vyhody i1 nevyhody. Ich mnoZstvo uz samo osebe naznacuje, ze ziadna z nich nie je
vSeobecne prijimana ako idealna.

Tukeyho metdéda mnohonédsobného porovnavania je vlastne obdobou t-testu a pouziva sa v
pripade vyvazeného triedenia, teda ak nl = -= nl = n. Z hladiska sily testu a pripadne
robustnosti k poruseniu predpokladov analyzy rozptylu je u tohoto testu doporuceny rovnaky
pocet pozorovani eSte doraznejsie ako pri analyze rozptylu. Pre r6zne pocty pozorovani n;j a nj
v porovnavanych skupinach i a j bola vytvorena aj modifikacia tohoto testu (Tukey HSD).
Testuje sa nulova hypotéza HO: pi = pj, oproti alternativnej hypotéze H1: pi # pj, tj. nulova
hypotéza tvrdi, ze stredné hodnoty porovnavanych skupin i a j se neliSia. Testované kritérium
ma tvar:

1)
Kde smerodajné odchylka S+

/ S

S, = |—F 2
n(N-1) @
SJ%F%

VYSLEDKY A DISKUSIA

Pri hodnoteni kvality vody v kanalovej sieti Zitného ostrova sme vychadzali ztdajov,
ziskavanych Ustavom hydrologie na jednotlivych kanaloch Zitného ostrova vo vybranych
odbernych miestach v obdobi rokov 2010-2020. Vzorky povrchovych vod boli odoberané
z Chotarneho kanala (profil Narad), kanila Gabé&ikovo-Topolniky (profil Vrakui)
a Komarnanského kandla (profil Okoli¢na na Ostrove) v mesaénych intervaloch. Odberné
vzorkach bola merana hodnota pH a EC. Na obr.1-4 s znazornené ¢asové priebehy meranych
hodnét v kanaloch Zitného ostrova.

Kvalitativne ukazovatele sledované v monitorovanych miestach boli zhodnotené podla
Nariadenia vlady SR €. 269/2010 Z. z., ktorym sa ustanovuju poziadavky na dosiahnutie
dobrého stavu vod, resp. predchadzajuca norma STN 75 7221.

131



Electronic book
Interdisciplinary Approach in Current Hydrological Research

—e—pH_2010
8,5 Priemerné hodnoty pH v zavislosti od ¢asu odberu
—8—pH_2011
8,3
pH_2012
pH_2013
—x—pH_2014
—e—pH_2015
—+—pH_2016
—=—pH_2017|
—=— pH_2018
pH_2019
pH_2020
6,7
—a— pH_prie
m
6,5 T T T T T T T T T T T 1
1 2 3. 4 5. 6. 7. 8 9 10 11. 12.
mesiac
Obr. 1. Priemerné hodnoty pH v zavislosti od ¢asu odberu.
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Obr. 2. Priemerné hodnoty pH v zavislosti od miesta odberu.
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Obr. 4. Priemerné hodnoty EC v zavislosti od miesta odberu.

Priemerna hodnota pH v sledovanom obdobi predstavovala 7,56. V rokoch 2010-2020 sa
hodnota pH pohybovala od 6,8 do 8,1, teda prevazne v alkalickej oblasti. Zaznamenali sme
pravidelnost’ v sezonnej dynamike hodnot pH. NajvysSie namerané hodnoty boli v letnom
obdobi (jun — august). Hodnoty elektrolytickej vodivosti dosahovali priemerne 37,92 mS.m™*
(variovali v rozmedzi 30,5 — 47,41). Miesto odberu malo va¢si vplyv na hodnoty pH a EC ako
sezonna dynamika. Nizke hodnoty vodivosti boli namerané v zime a na jar s minimom Vv
decembri 2010 (25,93 mS.m™). V letnych mesiacoch sa jej hodnoty zvysili az na maximéalnu
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hodnotu (61,71 mS.m™). V zavislosti od miesta odberu sme zistili vieobecne stipajicu
tendenciu hodnot vodivosti v pozdlznom profile vodného toku.

ZAVER

Monitorovand lokalita je napajand tzv. hlavnym pridom podzemnej vody, ktory smeruje
juhovychodnym smerom rovnobezne s Dunajom. Podzemné vody monitorovanej lokality su
trvale napdjané pri vSetkych vodnych stavoch Dunaja brehovou filtraciou. V rezime rozkyvu
podzemnej vody sa vSak prejavuje vyrazne vplyv zrazok a thrnného vyparu, ktoré vzh'adom
na charakter napdjania a drénovania uzemia st dolezitym faktorom vplyvajicim na vodny
rezim.

Stadia bola zamerana na identifikiciu dlhodobych trendov kvality povrchovych vod v
kanalovej sieti v regiéne Zitny ostrov. Prispevok ukazuje zmeny nameranych hodnot
jednotlivych i6nov v povrchovej vode v rokoch 2010-2020. Ukézalo sa, Ze kvalita vody
vykazuje sezonnost’ pH a EC, s maximom v letnych mesiacoch (jiin — august).
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ABSTRACT

Solar energy capacity is almost doubling each year. The target for 2030 is to achieve a 20% share
of renewable energy. 98.6 % of installed capacity of the projects were greenfield investments
(approved by the Hungarian Energy and Utilities Regulatory Authority in 2020). We examined the
potential effects and possible optimal use of excess water, runoff from the solar panels in a case
study area. The evaluation of the solar park’s technical parameters proved that there were
difficulties to be solved, e.g. soil erosion and sediment is created by the water arriving from the
panels to the soil surface. On the other hand, in our case study area there are water habitats in close
proximity of the solar park where this excess water could be used while it is stored in a newly
created ditch. Based on the case study, suggestions are made for the habitat developments. The
final output of such hydrological management examination can lead to a win-win situation of
solving the technical problems of solar parks (that are expanding inevitably) and improving the
water supply of a wetland area, increasing its climate resilience. Further related research questions
were also formulated.

Keywords: excess water, runoff erosion, retention, nature conservation, solar park

INTRODUCTION

The recent energy crisis increases the importance of renewable energy production all over the
world. Europe also struggles its way towards energy union and zero emission anyway which
goal can be fostered by this energy crisis. On the other hand, social acceptance (Frantal, 2015)
of renewable energy production might increase, or, we might expect less resistance towards
the implementation of new, not so favourable installations (Frantal and Prousek, 2016) from
the point of view of landscape quality and agricultural production (Martinat et al. 2016).
While the total installed capacity of solar power plants in Hungary was only one MW in 2010,
this value exceeded 3,000 MW in April 2022, but an additional 5,000 megawatts of
connection demand is registered. This also means that solar energy accounts for nearly 26%
of the gross installed capacity of the Hungarian electricity system (10,419 MW) (Major,
2022). In addition, Hungary has set the goal of achieving a 20% share of renewable energy in
its energy strategy by 2030, in which it relies heavily on solar energy. As a result, by 2030,
6,645 MW of solar panels are predicted and intended to be achieved (Major, 2022).

In 2020, 98.6 % or 207 MW of the 210 MW installed capacity of the projects approved by the
Hungarian Energy and Public Utilities Regulatory Office were green field investments. Large-
scale solar farms are therefore almost exclusively installed in open fields, typically in areas
removed from agricultural production, while brownfield investments (former industrial areas,
abandoned mining areas and barren pits, landfills, etc.) would be more desirable due to land
use, environmental protection and easier network connection (Szolidaris Gazdasag Kozpont,
2021). In the so-called ‘Metar system’, which was developed to support solar power plants in
Hungary, the extra scoring of "brownfield" investments has not been a competitive advantage
for the applicants in any case so far (Munkacsy 2021). The land to be built on, which is
typically under agricultural cultivation, will be permanently taken out of cultivation. As a
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result of the technical investment, the industrial nature of the landscape increases significantly
(Rusvai and Czobel, 2021), the value of their biological activity decreases, and the amount of
excess water that cannot leak out increases as a result of the sealed surfaces (solar panels). In
addition, poorly planned watersheds increase the occurrence rate of insects sensitive to polar
light pollution and their death (Szasz, 2016).

Agri-environmental management research in recent years has shown that the populations of
wild animal species can be significantly increased in agricultural areas with appropriate land
use and the strengthening of plant associations. Less than 5% of the area of the solar parks is
physically built, this proportion is on average around 50% including the areas shaded by the
panels, and for a long time after their construction (typically 20-30 years) they appear as
areas free of significant human disturbance (Takéacs 2022). As a result, after appropriate
planning (biodiversity management plan) that takes into account local characteristics, solar
parks can function as habitats and thus contribute to the preservation of biodiversity.

When planning, it must be taken into account that the reservoirs that collect rainwater flowing
from the surface of the panels may be suitable for creating a wetland, but their open water
surface may increase the number of aquatic insects that are sensitive to polar light pollution.
In the course of evolution, a group of animals became capable of orientation based on the
light polarization of water. Some aquatic insects (e.g. mayflies, dragonflies, water bugs, water
beetles, and water bugs) recognize their habitat with the help of horizontally polarized light
(positive polarotaxis). Horizontally polarized light reflected from solar panels can deceive and
attract large numbers of polarotactic aquatic insects. The insects attracted to these surfaces
often die, while the eggs they lay die in all cases. This effect can be particularly significant for
solar panels that are installed near wetlands, such as river banks (Horvath et al., 2016). Polar
light pollution is significantly reduced by installing panel versions with a white grid frame
and grid, or with a matte surface, and by increasing the distance between the solar park and
the wetland.

It can be seen that the solutions must be selected in such a way that they fit the physical
properties of the solar park, connect to the existing habitats, take into account the needs of
valuable species on the site and in the immediate vicinity of the installation, and they must
also be compatible with the primary goal of producing solar energy (BRE, 2014).

METHODS AND DATA

When selecting the sample area, the following aspects were taken into account:

1. it should be in the green field investment garden of the solar park,

2. it should be on the outskirt area of a settlement,

3. it should be in an agricultural environment and,

4. it should be located near valuable natural areas.

Based on the above criteria, two realized investments (one with an area of 4.4 and one with an
area of 1.2 ha) will be selected (Table 1.).

Table 4. The main technical data of the sample areas

Technical data Sampe area No. 1. Sample area No. 2.
Location Szabadszallas, Hungary Szabadszallas, Hungary
Start date 2019 2022
Installed capacity (kWp) 4 x 607.75 652

Output capacity of the inverter (Kva) 4 x 499 498

Total area (ha) 5.3 1.3

Area of the PV park (ha) 4.4 1.2

Target area of habitat development (ha) 2.3 0.5
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In the next step, taking into account international and domestic recommendations (BRE,
2014, Bennun et. al, 2021, Takacs 2022), habitat mapping and use analysis will be carried out
in a radius of 1 km surrounding the investment using map databases (Agrarminisztérium,
2019) and field visits followed. When analyzing the wildlife, we used the maintenance plans
of the two nearby Natura 2000 areas (HUKN10002, HUKN20010) as a basis (Krall, 2016,
MME, 2015). Taking into account the habitat map, typical land use, and Natura 2000
maintenance plans, the range of possible interventions can be determined. The solutions
selected in this way, which prove to be beneficial from the point of view of the living world,
are further narrowed down by taking into account the physical and topological features of the
solar park and the undisturbed requirements of solar energy production.

The sample areas are located at a distance of 0.7-2.1 km from the Kiskunsag saline lakes and
the Turjanvidék (HUKNI10002) and the Szabadszallas grassland of ground squirrels
(HUKNZ20010) Natura 2000 areas. The HUKN10002 area is an important bird habitat of the
Danube watershed both during the migration and the breeding season, and the HUKN20010
area is the habitat of the socially important ground squirrel (Spermophilus citellus).

A significant part of the areas surrounding the sample areas are dominated by small plots of
land, built-up areas with significant green areas and abandoned orchards (Figure 1).

[ solar park

[ arableiand

m@ grassland

O shrub

W frees (rows and groups)
m road

O canal

@ green urban areas without trees
O3 fruit

Fig. 1. Habitat map of the areas surrounding the sample areas.

Fresh and dry-semi-arid grasslands, wetlands, and non-native tree groups and rows of trees
are wedged between them in an island-like fashion.

RESULTS AND DISCUSSION

In terms of increasing the biological diversity of the sample areas, the task is twofold. On the
one hand, for the preservation of complex areas, canal and ditch banks, water-logged areas,
and their rows of trees, groups of trees, grassy elms, and shrubs, and on the other hand, their
improvement and development. By preserving and restoring these values, the diversity,
mosaic, and diversity of the landscape can be maintained. The investigated solar panels can
also be involved in this preservation and development process. On the one hand, the area of
the park is suitable for the creation of natural lawns, grassy meadows, and bee pastures, and
on the other hand, outside the fence, but within the plot, rows of shrubs and patches of shrubs
consisting of native species (hawthorn-greenish-juniper dry shrubs) can be planted. The
excess rainwater generated in the park area can contribute to the maintenance of aquatic
habitats, which will become increasingly important due to the drier climate that related to
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climate change. However, in order to avoid the problems arising from the polar light pollution
presented earlier, it is not advisable to create an open water habitat from the runoff rainwater
in the area of the solar parks (Figure 2.).

Fig. 2. The current precipitation collection ditch created in sample area No. 2.

A solution that ensures natural water retention, but does not cause the above ecological
problem, can be the draining of the excess water and govern it to the surrounding, deep-lying
grasslands (fens and mesotrophic wet meadows) that are periodically affected by water and
thereby ensuring their water replenishment. The two depressions located near the sample
areas (30-50 m), which are still periodically covered by water (Figure 3.), provide a good
opportunity for this.

Fig. 3. Location and vegetation of periodically flooded areas near the sample areas.

In the next step, we will examine the technical possibilities of draining based on the technical,
soil, and water management properties of the property suitable for the solar park and the
amount and annual distribution of the generated rainwater, as well as the annual water supply
of the depressions and their absorption capacity. Similar brownfield regeneration schemes
were examined in the nearby countries (Frantal et al., 2013, 2015; Frantal, 2015).
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The mentioned energy crisis that can be a factor that foster the implementation of renewables
all over the world can also cause some issues related to environmental, nature conservation
and landscape quality (Centeri et al. 2018) or landscape management issues. Traditional
agricultural landscapes are already under the scope of investigation for many reasons
(Slamova et al., 2015, Centeri et al. 2016). The energy transition schemes are also manyfold
in Europe (Frolova et al. 2019). It is obvious that many related issues are to be discussed in
the near future and serious attention is needed for finding an optimal solution.

CONCLUSIONS

Around the world and especially in Hungary, the dynamically growing solar park investments
realized within the framework of green field investment have drawn attention to the fact that,
in addition to their positive role in curbing climate change, they can have a significant
negative impact on the biological diversity of built-up areas. However, several studies
(Fthenakis and Turney, 2011, Hernandez et al., 2019, Blaydes et.al. 2021) have pointed out
that after careful planning, the features of these areas can be improved and they can play an
important role as habitats. The tests carried out so far in the two domestic sample areas have
pointed out that not only plant planting, but also the possibilities of rational drainage of excess
water flowing from the surface of the panels should be included in the scope of the tests.
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ABSTRACT

The records of the Trencin Jesuit Diary from the beginning of the 18th century contain some
valuable hydrological information such as the occurrence of ice phenomena and floods on the
River Vah in Trencin. In this paper, we focus on the evaluation of such recorded events during the
years 1701-1705. Daily records from this period were kept by two administrators of the Jesuit
dormitory (“regens convictus”) Jan Garajsky and Juraj Koseti¢. Hydrological phenomena in their
records were mentioned just during the years 1704-1705.

In the cold winter of 1704/1705 several ice phenomena occurred on the River Vah in Trenéin,
ranging from partial to complete ice cover formation on river up to ice break-up (floating river ice,
ice jam with probable ice flood). Ice phenomena lasted for a relatively long time. They occurred in
December 1704 and probably lasted continuously until at least the end of February 1705.

In evaluated period (1704-1705) there was 7 times mentioned high water on the River Vah in
Trenéin. We may assume that in five cases it could have been a flood, when the water from the
Vah flooded the banks. However, we classified all recorded floods as minor, just one of them was
caused by ice phenomena.

Keywords: Jesuit Diary, ice phenomena, floods, river, Vah, Tren¢in

UvVoD

Prvé zname hydrologické merania vodného stavu vo svete boli vykondvané v Magdeburgu na
rieke Labe v roku 1727, na rieke Dunaj to bolo vo Viedni v rokoch 1784-1785, v Bratislave sa
meral vodny stav na Dunaji v rokoch 1819 a 1820 a bol zaznamenany v novinach PreSburger
Zeitung (Brazdil a kol. 2012). Podl'a Horvathovej (2003) pozorovania hladin riek na
Slovensku boli realizované najskor v 2.Stvrtine 19. storofia na vodoctoch na Dunaji
(Bratislava, Komarno) a neskor od roku 1860 aj na Vahu v Trnovci. Na slovenskych tokoch
bolo postupne do konca 19. storocia vybudovanych vyse 20 vodocetnych stanic (Horvathova
2003). Z viacerych lokalit na Gzemi Slovenska mame namerané hydrologické udaje k
dispozicii az od druhej polovice 20. storocia.

Hydrologické informacie z obdobia pred zaciatkom systematickych hydrologickych merani
cerpame zroznych historickych pramenov, ako st napr. listiny, knihy, denniky,
koreSpondencia, narativne pramene, noviny, epigrafické zdznamy, mapy a pod. (Brazdil a
Kundzewicz 2006, Brazdil a kol. 2012, Kiss 2019, Horvathova 2003, Melo a Bernathova
2013, Melo a kol. 2014a, 2014b, 2014c, Melo a kol. 2019, Miklanek a kol. 2013, Pekarova a
Miklanek 2012, Pekdrova a kol. 2011, Pisut a kol. 2016). Tieto pramene ponikaji pomerne
znacny a zatiall dostatoCne nevyuzity potencial ohladom novych poznatkov pri Stadiu
hydrometeorologickych extrémov na naSom uzemi. Historické zidznamy o vyznamnych
hydrologickych udalostiach v povodiach naSich riek, ako st napriklad povodne, sucha,
adochody apodobne, su velmi dolezité pre lepsie poznanie Castosti, dizky a intenzity
vyskytu tychto javov, o nam umoziuje spresnit’ vysledky vyhodnotenia takychto udalosti aj
smerom do buducnosti. Napr. objavenie novych udajov o historickych povodniach nam
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umozni spravnejSie zhodnotit” vyznamnost’ kulmina¢ného prietoku. Informacie z archivnych
zdrojov ndm moézu pomoct tiez pri Casovej a priestorovej rekonstrukcii vyznamnych
hydrometeorologickych udalosti z minulosti a poméahaju nam doplnit’ a objasnit’ doposial
nezname takéto pripady.

V tomto prispevku ¢erpame informacie z Didria jezuitského konviktu v Tren¢ine 1701-1710
(Diarium convictus Trenchiniensium nobilium 1701-1710), ktoré sa nam podarilo ziskat' z
Narodnej Széchényiho kniznice v BudapesSti a zameriavame sa tu na vyhodnotenie
hydrologickych informacii o rieke Vah v Trencine, ktoré sa objavili v prvej Casti zaznamov
tohto Diaria, tykajiceho sa obdobia 1701-1705.

Trenéin je vyznamnym mestom na PovaZi s bohatou histériou (Si$mi§ 1993).

POSOBENIE JEZUITOV NA UZEMI SUCASNEHO SLOVENSKA A V TRENCINE

Na uzemie sucasné¢ho Slovenska prisli prvi jezuiti dna 23. aprila 1561, a to konkrétne do
mesta Trnava. Jezuiti v nasledujucich rokoch ovplyvnili nielen duchovny, ale aj kultarny
a vzdelanostny Zivot obyvatelov. Zakladali tu siet’ 8kol: kolegia s gymnaziami (Trnava,
Klastor pod Znievom, Sal'a, Humenné, Bratislava, Skalica, Tren¢in, Banska Stiavnica, Banska
Bystrica, Levoca, PreSov, Kosice) a dve univerzity (Trnava v roku 1635, KoSice v roku 1657).
Jezuiti dosahovali v tej dobe kvalitni uroven svojho Skolstva. Tieto institicie vyznamnou
mierou prispeli k rozvoju vedy vo svete i na nasom tzemi (Udias 2015). Jezuitsk(i rehol'u
zrus$il papez Klement XIV. 21. jula 1773. Po obnove jezuitskej rehole, ktorti schvalil papez
Pius VII. v roku 1814, prisli jezuiti opdtovne na tizemie dnesného Slovenska v roku 1853. Jej
posobenie malo uz odlisny charakter (Hudacek 2012).

Podl'a Bernata (2013; 2020) v Trencine zacali jezuiti u¢inkovat’ 2. decembra 1646. Zalozili tu
konvikt — chlapcensky ubytovaci a vychovny ustav pre S$lachticki mladez (convictus
nobilium), v ktorom chovanci dostali celé zaopatrenie. V Cele konviktu stal spravca (regens
convictus). V roku 1653 uz je Tren¢in uvadzany ako kolégium ,.collegium Trinchiniense®.
V cele stal rektor. Zaklady novej budovy noviciatu a kolégia polozili v roku 1655. Kolégium
aj kostol boli funkéné uz v roku 1657 (Obr. 1). Sl'ubne rozvijajicu sa cinnost' kolégia,
noviciatu a gymnazia prerusili morové epidémie v rokoch 1656, 1679, 1680, 1681 a najviac
v roku 1710. Dalsou prekazkou pre rozvoj kolégia boli Turci, ktori v roku 1663 prenikli do
okolia Tren¢ina. Cinnost tohto radu v Tren&ine prerusovali stavovské povstania, tak napriklad
vroku 1678 a1680 museli jezuiti ujst pred Tokoliho povstalcami. Po vypuknuti
protihabsburgského povstania FrantiSka Rakociho II. odisli jezuiti (okrem niekol'kych ¢lenov)
s novicmi z Trenc¢ina do Trnavy v roku 1703. Vo februari 1704 prepadli kuruci predmestie
Trenc¢ina a zacali mesto obliehat’. Luteranski mesStania 14. februdra zlozili zbrane a printtili
ku kapitulacii aj ostatnych. Cisarska posddka sa brdnila na hrade. Mesto v maji obsadilo
znovu cisarske vojsko, ale v meste sa zacal §irit’ hlad. Poziar v roku 1708 znic¢il vel'ka Cast
centra mesta vratane kostola a kolégia jezuitov. Z klastora a kostola jezuitov zostali va¢Sinou
len holé mury. Jezuiti nechali kostol a kolégium renovovat’ uz od roku 1710 v barokovom
slohu. Kolégium pdsobilo po roku 1715 uz bez prerusenia a vacSich problémov. Po zruseni
radu papezom Klementom XIV. breve ,,Dominus ac redemptor noster” z 21. jula 1773, bolo
gymnazium v Tren¢ine odovzdané piaristom. Exjezuiti nad’alej mohli pokracovat’ v praci
pedagogov na tejto Skole (Bernat 2013, Bernat, 2020).

Podl'a Bernata (2013) v cele kolégia, jezuitského gymnazia a noviciatu stal predstaveny
rehoI'ného domu (rector), ktorého menoval provincial. Rektor (superior) navrhoval prefekta
Skoly (praefectus studiorum, prefectus scholarum), ktory bol pomocnikom predstaveného
rehoI'ného domu, resp. jeho pravou rukou. Prefekt skoly bol v pravom zmysle slova dnesnym
riaditel'om Skoly. Mal na starosti vyucovaci proces, disciplinu, nabozenské cvicenia a dozeral
tiez na ucitelov. Jezuitské kolégia sa od seba odliSovali vyznamom a po¢tom ¢lenov. Vyznam
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trencianskeho jezuitského kolégia zvySoval noviciat. V noviciate sa neStudovalo, ale
pripravovalo na vstup do radu. Skoly, ktoré sa nachadzali pri kolégiach, sa delili na nizsie
a vyssie. Jezuiti menili svoje pdsobiska takmer kazdy rok a nebolo ani vynimocné, Ze k zmene
doslo uprostred Skolského roka. V jezuitskom radde mal kazdy ¢len nejaka funkciu, resp.
niekol'ko funkcii (Bernat 2013).

Obr. 1. PohPad na byvaly jezuitsky kostol a kolégium v Trencine v sucasnosti (Foto: M.Melo,
september 2022).

Podla Bernata (2013) su vyznamnym pramenom jezuitského kolégia v Trencine kroniky
Historia et annuae collegii societatis Jesu Trenchiniensis ab anno 1645- ad a. 1685 a Annuae
collegii et probationis Trenchiniensis societatis Jesu, ab anno 1686 — usque 1727, ktoré su
ulozené v E6tvos Lordnd Tudomanyegyetem, Egyetemi Konyvtar v Budapesti, v oddeleni
Manuskript v ¢asti Societas Jesu pod signatirami Ab 114 a 115 (prva z nich je pristupna aj
v elektronickej podobe:
https://edit.elte.hu/xmlui/static/uv/uv.html?key=10831/33285&fname=Ab114 001.jpg.jpg).
Vznikli z povinnosti v rehol'nych domoch pisat’ kroniky, k comu bol priamo uréeny kronikar
kolégia. Obsahuji zaznamy o personalnej skladbe rehol'ného domu vratane pedagogického
zboru a vel'mi stru¢ne o ¢innosti $koly. Maximalnu pozornost’ ale venuju ¢innosti kolégia
V oblasti pastoracie (Bernat 2013).

Okrem kronik si jezuiti na miestach svojho posobenia viedli aj didrid, ako napr. v KoSiciach
(Brazdil a Kiss 2001) a v Tren¢ine. Denné zaznamy tohto druhu pramenov sa tykaji bezného
zivota, resp. denné¢ho rezimu c¢lenov trencianskeho konviktu (Skola, odpocinok, poboznost’)
a opisu udalosti, ktoré sa odohrali v lokalite pdsobenia jezuitov a boli pisané v latin¢ine. Tieto
denniky viedli spravcovia konviktu, ako to bolo s najvac¢Sou pravdepodobnost'ou v KoSiciach
(Brazdil a Kiss 2001) a ako sa to teraz ukazalo pri naSom vyskume aj v pripade Trencina.
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DIARIUM CONVICTUS TRENCHINIENSIUM NOBILIUM 1701-1710

Z Narodnej Széchényiho kniznice v BudapesSti mame k dispozicii zdznamy z Dennika
jezuitského konviktu v Tren¢ine 1701-1710 (Diarium convictus Trenchiniensium nobilium
1701-1710), ktoré sa tykaju obdobia od 7. novembra 1701 do 4. marca 1710. Na titulnej
strane obalky je rukou dopisané, ze ide o zvdzok No.5, ¢o moze svedcCit’ o tom, Ze toto dielo je
pokracovanim nejakych predchadzajicich zvizkov diaria. O ostatnych zvdzkoch vsak v tejto
chvili neméme ziadne d’al§ie vedomosti.

Na titulnej strane tohto zvédzku diaria su dve peciatky. Prva peciatka, ktord sa zaroven
nachddza aj na poslednej strane dennika, je oznacena nasledovnym textom: ,,W.JANKOVICH
MIKLOS GYUJTEMENYE 1830 (z mad’arského prekladu: Zbierka Miklosa W.Jankovicha
1830) aje doplnena erbom. Druhti a novsiu peciatku na titulnej strane oznacuje text: ,,Ex
Museo Hungarico* (Byvalé Uhorské mizeum).

Podla peciatky vo vnutri tento zvédzok didria do svojej zbierky v roku 1830 ziskal Miklos
Jankovich (1772-1846), vyznamny mad’arsky zberatel a mecén umenia, historik, bibliograf,
cestny ¢len Uhorskej vedeckej spolocnosti. Knizni¢na cast’ jeho zbierky presla po zaktpeni
uhorskym parlamentom v roku 1836 (spolu asi 63 tisic zvizkov knih) najprv do vlastnictva
Uhorského ndrodného muzea aneskor bola presunutd do dneSnej Narodnej Széchényiho
kniznice v Budapesti.

V tomto prispevku vyhodnocujeme hydrologické informacie uverejnené v prvej Casti tohto
zvéazku diaria, ktoré sa tykaju zdznamov od 7. novembra 1701 do 31. decembra 1705. Mena
autorov tychto zapisov v didri nie su priamo uvedené, nenasiel sa tu o tom ziadny zdznam,
avSak nepriamo moZeme autorstvo tychto zaznamov priradit’ dvom mendm. Zapisovatelia
pisali o sebe v tretej osobe. Z nepriamych dokazov vyplyva, ze to boli spravcovia (regenti)
konviktu (v latin€ine: ,,regens convictus®), ktorych pocas ich kratkodobych absencii zastupili
niektori d’al§i (ndm neznami) jezuiti, pdsobiaci v ich okoli resp. zapisy absentovali Uplne
(napr. v pripade choroby). Chyba tu tiez uvedena informacia, o ¢om sa bude v denniku pisat’.
Podl'a rukopisu viedol tieto zaznamy v obdobi od 7. novembra 1701 do 5. septembra 1702
jeden a ten isty zapisovatel. Zdznamom venoval pozornost’ na dennej baze, s vynimkou dvoch
suvislejsich par diiovych obdobi, ked bol odcestovany mimo Trencina (na Oravu), resp. sa
venoval inej ¢innosti (exercicidm). Na str. 18 tohto didria (Obr. 2) je viditeI'na zmena pisara,
pricom sa na margu zapisalo, Ze 8. septembra (1702) zomrel pater regent Jan Garajsky. A
zapisy dovtedajSou (jeho) rukou skoncili tri dni predtym, 5. septembra 1702. Této skuto€nost’
nam dovol'uje prisudit’ autorstvo zapisov vtedajSiemu spravcovi konviktu Janovi Garajskému.
Podl'a Bernata (2013) sa Jan Garajsky narodil 24. decembra 1643 v Jaslovciach (v sucasnosti
Jaslovské Bohunice). Do jezuitského radu vstpil v kurze rétorov 17.11.1661 v Trnave.
V rokoch 1701-1702 bol v Trenc¢ine prefektom $koly, d’alej spravcom konviktu, prézesom
kongregacie, kazatelom, poradcom a spovednikom. Zomrel 8. septembra 1702 v Trencine
(Bernat 2013). Udaj o jeho smrti veer uvedeného diia je zapisany aj na margu tren¢ianskeho
diaria.
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Obr 2. Ukazka rukoplsnych zaznamov z Dennika jezuitského konviktu 1701-1710 (Diarium
convictus Trenchiniensium nobilium 1701-1710) zo septembra, oktébra a novembra 1702 (str. 18-
19). Zdroj: Orszagos Széchényi Konyvtar Budapest (Narodna Széchényiho kniZnica Budapest’).

Od 6. do 13. septembra 1702 zacinaji zapisy inou rukou bez uvedenia mena zapisovatela.
Pravdepodobne iSlo o niekoho z prostredia konviktu, ktory docasne prevzal zapisy, podla
charakteru rukopisu to mohli byt az dve r6zne osoby. Od 14. septembra do 24. oktdbra 1702
bolo zapisovanie uplne preruSené s poznamkou, Ze sa €lenovia konviktu rozisli na vakacie.
Diia 25. oktobra 1702 sa v Denniku objavuje informacia, Ze zo Ziliny prisiel do konviktu
novy spravca (regent) pater Juraj Koseti¢, o ktorom predpokladame, ze prave on bol autorom,
ktory prevzal od 25. oktobra 1702 pokracovanie zapisov Dennika trencianskeho konviktu po
zosnulom Janovi Garajskom. Svedcia o tom nasledujuce tri okolnosti. Diia 10. decembra 1702
odisiel spravca konviktu (Koseti€) na rekreaciu a meni sa aj rukopis zapisov, to naznacuje, ze
ich dovtedy pravdepodobne pisal on. Diia 19. decembra sa opit’ vratil a zapisy st opét’ pisané
povodnou (jeho) rukou. Dna 11. juna 1703 pater regent (Kosetic) odiSiel do kupelov a meni
sa znova rukopis zapisov. Po jeho navrate diia 17. jina sa opét’ vracia predchadzajici rukopis
zapisov. Rukopis zdznamov sa opat’ meni dia 6. jula 1703, ked’ pater regent odisiel na Oravu
a zapisy piSe novy pisar (menom neuvedeny) a po navrate regenta dila 23. jila sa opit
objavuje predchadzajica ruka zapisov.

Rozdiel v zapisoch vedenych Garajskym a Koseticom sa odrazil aj na ich obsahovej stranke.
Od cias, ked pisanie didra prevzal do svojich rik novy regent, absentuje v iom opis stravy
podavanej v konvikte. Regent Garajsky zaznacCoval kazdy dent do didra dennu a vecernu
stravu na rozdiel od jeho nastupcu, ktory si jedalny listok osobitne nevS§imal, hoci pre
historikov skiimajucich kazdodenny zivot v minulosti mé aj takéato informacia velky vyznam.
Za celé nasledujuce obdobie st zaznamy vynechané okrem dvoch jednotlivych dni uz len raz,
avsak v tomto pripade to bolo az na takmer dva mesiace (od 24. maja do 20. jala 1705), a to
kvoli chorobe zapisovatela. Dna 26. méja sa eSte v denniku objavuje kratka informacia
0 aktudlnom pocasi pochédzajica rukopisom od iného jezuitu: ,takmer cely den dazdivy*
a nasleduje poznamka: ,,Kvoli ochoreniu na skorbut prerusil pater regent zaznamy, pretoze sa
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citil velmi zle uz od zaciatku marca. Aj dnes kvoli bolesti noh nedokazal vstat z postele a Boh
vie, kedy tato skorbutova choroba pominie*. Zapisy potom az do 20. jula uplne absentuju, este
6. augusta 1705 sa v diariu spomina skorbut patra regenta.

Dennik, ktory mame k dispozicii, kon¢i rokom 1710 (posledny zapis je 4. marca). Charakter
zapisov a rukopisu sa nemeni ani v d’alSom obdobi, ktoré sme zatial’ eSte nespracovali. Opat’
je po uvedeni datumu stru¢ne zaznamenané panujuce pocasie, dalej vykon duchovnych
povinnosti regenta: spovedanie a bohosluzba a d’alSie riadky obstarali udalosti, ktoré sa
odohrali v meste Trencin, na hrade a v jeho okoli. Zaujimavost'ou je, ze pisar obc¢as latinsky
text svojich zapisov obohatil slovenskymi vetami alebo slovami vyjadrujucimi bolest
a smutok nad panujlicou situdciou. Akurat po poziari mesta 14. maja 1708 zacina pisar pisat’
diar novym atramentom a zapisy po devét dni zostru¢iiuje opakovanim vyrazu ,,ako vcera®,
¢o nepriamo naznacuje, ze poziar sa dotkol aj konviktu. Na druhej strane regent sa
0 podrobnostiach a nasledkoch poziaru vel'mi nerozpisuje, uspokojil sa len s tvrdenim, ze
ohen spalil celé mesto okrem fary, farského kostola a par chatr¢i na Horke. Regent Juraj
Koseti¢ zomrel aZ po vySe dvoch tyzdioch po poslednom zapise v tomto zvédzku diaria, takze
to by tiez podporovalo jeho autorstvo zapisov.

Predpokladame teda, Ze v obdobi od 25. oktobra 1702 az do posledného dia, ktory je v tomto
zvazku dennika zaznamenany, t.j. do 4. marca 1710, bol ich zapisovatelom vtedajsi spravca
konviktu pater Juraj Koseti¢, ktorého pri jeho kratkodobych absenciach pri pisani textov
docasne nahradili niektori d’al§i (nd&m neznami) jezuiti z jeho okolia.

Podla Bernata (2013) sa Juraj Koseti¢ (Kossetich) narodil 1. februira 1649 v Trencine. Do
jezuitského radu vsthpil ako magister filozofie 8.10.1670 v Trnave. V rokoch 1703-1710
posobil v Trencine vo funkciach spravcu konviktu, kazatel’a, spovednika, operaria a poradcu.
Predtym bol v rokoch 1697-1702 v Ziline ako predstaveny rezidencie, kazatel, operarius a
spovednik. (Poznamka: zo zdrojov didria vyplyva, Ze do Trenc¢ina priSiel posobit’ na uvol'nené
miesto po zosnulom spravcovi konviktu Janovi Garajskom uz v oktobri 1702). Zomrel 21.
marca 1710 v Trenc¢ine (Bernat 2013).

VYHODNOTENIE ZAZNAMOV  DIARIA JEZUITSKEHO KONVIKTU
V TRENCINE Z OBDOBIA 1701-1705, TYKAJUCICH SA HYDROLOGICKYCH
INFORMACII

Na zaciatku Studovaného obdobia (od novembra 1701 do septembra 1702) vykonéval zapisy v
diariu pater Jan Garajsky. V jeho zdznamoch sme nenasli Ziadne zmienky o vyskyte 'adovych
javov, povodni, pripadne nizkych stavov hladiny Véhu. Na strane druhej venoval v tomto
obdobi pozornost’ stavu pocasia pocas jednotlivych dni, to vSak nie je predmetom tohto
spracovania. Pater Juraj Koseti¢, ktory prevzal v oktobri 1702 zapisovanie tohto dennika po
Janovi Garajskom, najskor vo svojich zdznamoch nevenoval Ziadnu pozornost’ ani
meteorologickym a ani hydrologickym informaciam. Informécie o pocasi sa postupne
objavuju az od 30. aprila 1703, a to najskor len sporadicky a potom od 1. augusta 1703 suvisle
(takmer na dennej baze), ato az do 31. decembra 1705, dokedy sa ndm podarilo zatial’
spracovat’ tieto zapisy. Priblizne od zaciatku roka 1704 sa v zdznamoch zacinaju objavovat’ aj
spravy o vyskyte ladovych javov apovodniach na Véhu v Trencine. Za celé sledované
obdobie sa pritom v Denniku nenasla ziadna sprava o pripadnom nizkom stave hladiny na
Vahu. Pri vyhodnocovani zaznamenanych informacii si treba uvedomit’, ze v druhej polovici
17. a na zaciatku 18. storoc¢ia malo koryto Véhu pri Trenc¢ine ini polohu ako v stcasnosti,
tieklo o nieCo blizsie k hradnej skale a k mestu (Obr. 3 a 4), priCom tu rieka vytvarala
meandre, bo¢né ramena a ostrovy, tak ako to vidime napr. na mape z roku 1670 (Obr. 3).
LCadové javy sa na Vahu vyskytli v obidvoch zimach 1703/04 i 1704/05, pricom vyrazne sa
prejavili najméd v druhom zmienenom obdobi. Tvorba l'adu na riekach je silne zavisla od
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rezimu riecneho toku, ktory je ovplyvneny atmosférickymi faktormi (teplota vzduchu,
atmosférické zrazky, topenie snehu), morfologiou koryta (tvar, sklon) a hydrologickymi
faktormi (teplota vody, rychlost’ prudenia, mnozstvo vody). V roku 1704 je v denniku
zachytena zmienka o dvoch povodniach na Véhu, v nasledujucom roku 1705 sa dozvedame
spolu az o piatich pripadoch velkej vody, avSak z toho asi iba v troch mohlo ist’” o povoden,
pri ktorej Vah zaplavil svoje brehy.

V nasledujicom texte st v chronologickom poradi zoradené jednotlivé zaznamenané pripady
s vyskytom Tadovych javov alebo povodni na riecke Vah v Trencine, ktoré sme objavili
Vv diariu v obdobi 1704-1705.

Ladochod na Vahu v Trenc¢ine dia 30. januara 1704

Tejto udalosti predchadzali chladné dni, ktoré nastali v Tren¢ine uz koncom roku 1703 a trvali
od 22. decembra az do 23. januara nasledujiiceho roku 1704. Predpokladame, Ze pocas tohto
chladného obdobia sa na hladine Vahu vytvoril zdmrz. Po 24. januari sa oteplilo, objavuju sa
zapisy o mierne teplom az teplom pocasi v Tren¢ine, dna 29. janudra bol zaznamenany
dazdivy a mierne teply den. Doslo tak k uvol'neniu 'adov na Véahu a vytvoreniu l'adochodu,
ktory sposobil poskodenie dreveného mosta. Diia 30. janudra je v didriu o tom zaznamenana
struéne nasledujica sprava: ,,Zamracene, vihko. Lad strhol pdt nosnikov mostov*.
Pravdepodobne ide o most, ktory bol lokalizovany blizko hradnej skaly a je ho vidiet na
vedute mesta i na mape z roku 1706 uplne vl'avo (Obr. 4).

Povoden na Vahu v Trendine v diioch 22.-27. septembra 1704

Mesiac september 1704 zacal striedanim teplych dni s trochu chladnejSimi. Tento charakter
pocasia sa zmenil 14. septembra vo veCernych hodinach, ked’ prislo dazdivejSie pocasie, ktoré
sa pocas nasledujucich dni zopakovalo aj v diloch 16., 17., Ciastocne i 18., d’alej 21. a 22.
septembra, ked’ sa prvy krat objavuje v didriu zmienka o rastucej hladine rieky: ,,Vah kvoli
dazdu mierne stupol*. Zradzky pokraCovali aj v nasledujucich troch dnoch, ato
s nasledujicimi zapismi v denniku, dia 23. septembra: ,,Ddzd, chladno®, 24. septembra:
»Chladno, dazdivo. Vah (je) velky*, 25. septembra: ,,Dazd, chladno. Vah (je) velky, ako véera
a stupen treti‘‘. Nasledujuci dent (26. september) uz bol bez zrazok, v denniku je pre tento deni
uvedeny zapis: ,,Oblacno, trochu chladno. Vah (je) velky™ anapokon dna 27. septembra:
»lrochu chladno, oblacno, napokon po ranajkach sa zacalo vyjasniovat. Vah znacne klesol*.
Pri¢inou tejto povodne na Vahu, ktora kulminovala v diloch 24.-26. septembra, bolo dlhsie
trvajice zrazkové obdobie. O pripadnych Skodéch, ktoré by tato povoden spdsobila, nie su
ziadne zmienky, takze predpokladdme, Ze iSlo o povoden beznej (priemernej) velkosti a
rozsahu.
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Obr. 3. PohPad na hrad a mesto Trencin od Vahu (horny obrazok) a podorys (dolny obrazok)

vV roku 1670 (kopia z roku 1808). Zdroj: Orszagos Széchényi Konyvtar Budapest (Narodna
Széchényiho kniZnica Budapest’), originalny rozmer: 67 x 47 cm, v mierke: 1:17 700,
https://maps.hungaricana.hu/en/OSZKTerkeptar/474/?list=eyIxdWVyeSI61CIJUcmVuY3Ncd T
AwZTIulnO.
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Obr. 4. PohPad na hrad a mesto Trenc¢in od Vahu (horny obrazok) a podorys (dolny obrazok)
v roku 1706. Jezuitsky kostol a kolégium st na tomto obrazku oznacené pismenom P
a nachadzaju sa vpravo, v blizkosti mestskej brany. Zdroj: Hadtorténeti Intézet és Mizeum
Budapest (Vojensky historicky tstav a mizeum Budapest’), originalny rozmer: 50 x 70,5 cm,
https://maps.hungaricana.hu/hu/search/results/?list=eyIxdWVyeS161CJ0cmVuY 3NIbiAxNzA2I
nO0&per_page=20
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Povoden na Vahu v Trencine diia 18. novembra 1704

Priciny tejto povodne nevieme blizsie vysvetlit, nakol'’ko ani pocasie, ktoré na dennej baze
zaznamenaval do dennika jej zapisovatel’, nenasvedCovalo tomu, ze by sa povodenn mohla
kvoli zrazkam vyskytnat. V TrenCine dva tyzdne pred touto povodiou ani Ziadne
nezaznamenali. Striedali sa tu jasné, oblacné a zamracené dni, avSak bez dazd’a ¢i snehu.
Mozno teda predpokladat’, ze vydatnejsSie zrazky zasiahli oblast’ na hornom toku Vahu a jeho
pritokoch.

V Trencine bolo zamracené v diioch 10., 11., 12. a 17. novembra. Dna 18. novembra je
Vv denniku uvedeny nasledovny zaznam: ,,Oblacno a trochu chladno. Vah velmi stupol pri
mlynoch. V noci okolo 12-tej hodiny sa jeden mlyn majici pod sebou zlé clny alebo lode
(,,naves seu logye“) potopil, rozlamal na kusky a odplaval po Vahu. Utopilo sa s nim aj jedno
dievca bez pochyb tiez velmi obtazkané obilim*. Ani v d’alSich ditoch sa autor zapisov vobec
nezmiefiuje o stave hladiny na Vahu, v zdznamoch su iba tieto dve spravy, tykajuce sa rieky
Véh, a to 21. novembra: ,,Zamracene, trochu chladno. Vah (je) dostatocne dobry pre mlyny* a
22. novembra: ,,Rano sneh s dazdom. Trochu chladno. Vah (je) dobry pre mlyny*.

Vyskyt Padovych javov na Vahu v Trené¢ine v zime 1704/1705 (v diioch od 11. decembra
1704 do 25. februara 1705)

Zima 1704/1705 sa vyznacovala chladnym pocasim, ¢o zrejme spdsobovali CastejSie sa
vyskytujice anticyklonalne situacie. Napr. v januari 1705 prevazovali v Trencine dni s jasnou
oblohou (celkom v 19,5 diioch) pred zamra¢enymi a obla¢nymi difiami (celkom v 11,5 dioch;
z toho v styroch pripadoch to bolo iso snezenim), v tomto mesiaci zaroven zapisovatel
v diariu oznacil celkom 23 dni ako chladnych, 4 dni trochu chladné, 3 dni mierne a len 1
januarovy denl oznacil ako mierne teply. Takéto chladné pocasie malo vplyv aj na hladinu
Viahu, kde sa pocas tejto zimy vyskytli viaceré 'adové ukazy, a to od Ciastoéného I'adového
zémrzu na Vahu v diioch 11., 12. a 21. decembra 1704, cez Gplny l'adovy zdmrz v dnoch 7.-
10. januara 1705, az po rozpad tejto I'adovej pokryvky na jej konci. V denniku je dna 6.
februara 1705 zaznamenany ocCakavany ladochod na Vahu, avSak reidlne mohol prist aj
neskor, nakoniec sa vyskytla i ladova zatarasa spojend s pravdepodobne i menSou 'adovou
povodnou v ditoch 24.-25. februéara 1705.

Priebeh tejto zimy bol pomerne dobre zachyteny v jezuitskom denniku a na jeho zaklade
mozeme urobit’ nasledovnil rekonStrukciu. Po kratkom teplejSom obdobi na zadiatku
decembra 1704 sa 8. decembra pocasie ochladilo, v dinoch 9. a10. decembra bol
zaznamenany v TrenCine silny mréz. Nasledujuce dva dni sa na Véhu vyskytol Ciasto¢ny
zamrz, o com su v denniku nasledujuce informécie, dia 11. decembra: ,,Chladno, oblacno.
Miyny zablokované ladom. Vseobecny vyrub dreva v predmesti az po Siance. Mnohé hrubé
tramy, ktoré mozu byt pouzité na most, boli ulozené na bezpecnejsie miesto od Vahu* a dia
12. decembra: ,Jasno, chladno. Pracovalo sa pri mlynoch, zablokovanych ladom, aby mohli
mliet*. V nasledujucich diioch sa oteplilo, 13. decembra bol zaznamenany miernejsi mraz, 15.
decembra uz bolo teplo a v ostatné dni az do 19. decembra mierne teplo. Dna 20. decembra sa
opét’ ochladilo a pri jasnej oblohe bolo trochu chladno a 21. decembra je uvedeny nasledovny
dennikovy zdznam: ,,Silny mrdz. Mlyny zablokované®. Predpokladdme, Ze tento Ciastocny
ladovy zdmrz na Véhu mohol pokracovat aj v d’alSich dnoch, ked’Ze pocasie pretrvavalo
prevazne jasné a chladné do konca tohto kalendarneho roka a v prvych Styroch diioch janudra
bolo vystriedané sneZenim, ale stale s chladnym podasim. Dalej pre pokra¢ujiice chladné
a opat’ jasné pocasie doslo potom v januéri 1705 k vytvoreniu uplného zamrzu na rieke Vah.
Podl'a zdznamov bolo dia 7. januara: ,,Chladno, jasno. Vah sa zastavil a vel'mi podobna
opakujuca sa sprava i 10. januara: ,Jasno, chladno. Vah sa zastavil“. Takéto chladné
a vicsinou 1 jasné pocasie prevazovalo i v d’alSich dioch, a to az do zacCiatku februara, preto
predpokladame, ze po celu tito dobu bol Vah v Trencine zamrznuty. Dia 6. februara je
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uverejneny nasledovny zapis, tykajuci sa bud’ uz v tom case existujiceho 'adochodu na Vahu
alebo pravdepodobnejsie len v jeho ocakavani, Ze by sa mohol v najblizSich diloch dostavit:
~Mierny mraz. Na strelnici (delostreleckej batérii) vnutri, v meste, sa pracovalo. Vonku zacali
mestania rozoberat mosty kvoli strachu, aby ich lad uplne neodplavil. Iné nic. Obvykla
blokada. Zajati kuruci boli kvoli nejakému sprisahaniu vioZeni do klady*. Chladné pocasie
pretrvavalo d’alej az do 13. februara, ked’ prislo snezenie v d’alsich troch nasledujucich dioch.
Dna 17. februara sa objavuje v dennikovych zaznamoch nasledujuca informacia: ,,Zamracene,
mierne teplo. Vietor topi sneh. Celu noc teply vietor roztapal sneh® aV nasledujuci den 18.
februara: ,,Teplo, sneh sa topil a lad na Viahu bol znacne oslabeny*. Predpokladame teda, Ze
ladova pokryvka na Vahu sa zrejme zacala postupne rozpustat az v tomto ¢ase, napomohlo
K tomu aj teplé pocasie a jasny den diia 19. februara. V diariu mozno najst’ ku 20. februaru
nasledujuci zdznam: ,Jasno, teplo. S moravskymi poslami prislo z Moravy jedno dievca,
sluzka chirurga Jana, ktora odisla na Moravu pred 6 tyzdnami. Prisla rano. Okolo pol
deviatej hodiny prekrocila lad. Co priniesla, nevedno. Medzitym bola privedend k Profosovi a
svojmu panovi priniesla nejaku telacinu, cibulu a maslo, z coho si vojaci vzali desatinu®.
Podra tejto informacie sa Vah v dany den dal teda stale esSte prejst’ z jedného brehu na druhy
peso (suchou nohou) po pevnom lade. Po d’al$ich dvoch miernych a obla¢nych dnoch nastalo
oteplenie. V zaznamoch st uvedené nasledovné poznamky, a to ku 23. februaru: ,,Oblacno a
mierne teplo. Lad na Vahu velmi zoslabol, ku 24. februaru: ,,Zamracené, mierne teplo. Voda
vo Vahu sa vyliala na lad, ale zatial’ so sebou nevzala tri deld pripevnené K batérii*‘. Podl'a
tychto sprav predpokladame, Zze 24. februira sa mohla na Vahu niekde pod Trencinom
vytvorit’ ladova zatarasa, v dosledku ktorej vznikla pravdepodobne i mensia l'adova povoden
Vv Tren¢ine (poznadmka: z uverejnenych sprav v Diariu nie je celkom isté, ¢i velka voda vo
Véhu vysla zo svojho koryta na breh, preto hovorime v tomto pripade iba o pravdepodobne;j
ladovej povodni), ktord kulminovala v tomto meste Vv nasledujici deni, a to 25. februara
s nasledujicim dennikovym zaznamom: ,,Oblacno, mierne. Velka voda vo Vahu tiekla ponad
ad, ale lad sa zatial neroztopil®.

Vzhl'adom na to, Ze posledné tri februarové dni boli chladnejSie a v dennikovych zdznamoch
sa uz d’alSie spravy o l'ade v tejto zime na Vahu nenachadzaju, predpokladame, Ze zvysny l'ad
sa udrzal minimalne do konca februara a pravdepodobne sa postupne rozpustil az v teplejSich
diloch na zaciatku marca 1705, pri¢om zrejme nesposobil Ziadne problémy, ked’ze zapisovatel
tomuto javu uz nevenoval d’al§iu pozornost’ na strankach didria.

Jarna povodeii na Vahu v Tren¢ine diioch 21. — 30. marca 1705

Od 10. marca az do 29. marca 1705 sa v zapisoch Didria objavuje opakované konStatovanie
o teplych avicSinou 1ijasnych dioch v Trenéine, len minimalne sa tu objavili dni
s obla¢nost’'ou, resp. zamracenim, a aj to bolo vzdy bez zrazok. Iba na konci mesiaca (29.-30.
marca) bolo trochu chladnejSie pocasie. V tomto obdobi sa viac krat objavila v dennikovych
zdznamoch sprava o velkej vode na Véhu, ¢o moézeme v tychto dnoch vdaka teplejSiemu
pocasiu pripisat’ rychlejSiemu topeniu snehu, naakumulovaného pocas zimy vo vysSich
polohach v povodi Véhu. Tu prinaSame jednotlivé spravy z didria o povodnovej situacii
v Trencine, a to: 21. marca: ,,Oblacno, mierne teplo. Niektori nasi vybehli spod hradu cez Vih
zbierat’ byliny, ludovo rezuchy, boli vsak kubranskymi kurucmi vyhnani, no vratili sa vSetci
zdravi. Vah je velky (rozvodneny)®, 25. marca: ,,Mierne teplo, jasno. Vah (je) stale velky*, 27.
marca: ,,Zamracene, mierne teplo. Vah bol velky*, 28. marca: ,,Pekné pocasie. Vah bol velky*,
30. marca: ,,Jasno, vietor trochu chladny, juzny. Vah dost dobry (velky)“ a 31. marca:
wZamracene, trochu chladno. Vah primerany*.

Presny datum kulminécie tejto jarnej povodne, vzniknutej z topenia snehovej pokryvky
V horskych oblastiach Karpat v povodi Vahu, sa z uvedenych zapisov neda jednoznacne urcit,
vieme len, Ze 31. marca uz bolo po nej a Vah sa vratil do bezného stavu.
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Letna povoden na Vahu v Trencine diia 25. jula 1705

Po preruseni zdznamov (od 27. maja az do 20. jula 1705) z dévodu ochorenia zapisovatel'a na
skorbut sa v diariu nachadza d’al$ia zmienka o povodni dna 25. jala 1705, a to: ,,Oblacno,
trochu chladno. Dobytok bol vypusteny na pasu cez dolnu branu. Vah stupol a pasienkov za
mostami uz takmer niet. Vyhanat dobytok daleko nie je bezpecné*. Predpokladame, ze tato
povoden mohla byt’ reakciou na dazdivejSie dni, ktoré boli v diioch 21. a 22. jula, pricom 23.
jula bolo v Trenc¢ine podl'a zdznamov: ,,Oblacno a trochu chladno®. Po zrazkach, ktoré mohli
byt frontdlneho charakteru a zasiahnut’ mohli aj vysSie polozené oblasti v povodi Vahu, sa
kulminacia tejto mensej a kratkotrvajucej povodinovej viny prejavila v Tren¢ine 25. jala 1705,
viac pozornosti uz jej zapisovatel’ v diariu nevenoval.

Vel’ka voda na Vahu v Tren¢ine diia 16. oktobra 1705

16. oktobra 1705 sa vyskytla na Vahu v Trencine vel'k4 voda, v tento deil sa objavil v didriu
nasledovny zaznam: ,Jasno, teplo. Vah (je) velky”. Viac sa onej Vzaznamoch autor
nezmiefiuje. Co sa tyka pocasia, tak pred touto zvysenou hladinou na Vahu v Trenéine boli
V oktobri zrazky iba v dvoch ditoch, a to 9. a 13. oktobra a tesne pred touto udalost'ou dia 15.
oktobra bolo v Trenc¢ine zamracené. Nepredpokladame, Ze by tato velkd voda prerastla do
povodne.

Stupajica voda na Vahu v Trencine diia 16. decembra 1705

V Diariu sa objavuje eSte jedna zmienka o stipajucej vode na Vahu v Trencine, a to dia 16.
decembra: “Zamracene, mierne teplo. Vaih zacal stipat*. Dalsie informacie o tejto situacii na
Viahu sa uz v dennikovych zdznamoch nenachadzajt, preto ilo len o menSiu reakciu zrejme
na predchadzajuce zrazky v povodi (v Trencine bol dia 3. decembra zaznamenany sneh,
v dnoch 4. a 6. decembra snezenie, 12. decembra zamracené, 13. decembra dazdivo, 15.
decembra dazdivo) a povodeii pravdepodobne v tomto pripade nenastala.

ZAVER

Obdobie zaciatku 18. storo€ia, ktoré sme Studovali v tomto prispevku, patri k tzv. malej dobe
ladovej, ktord sa vyznacovala vyskytom chladnejSich zim, ¢o dokazuje aj niekol’ko informacii
najdenych v Diariu tren¢ianskeho konviktu z obdobia 1701-1705. Zaciatok tohto skimaného
obdobia (1701-1702), v ktorom vykonaval zaznamy Jan Garajsky, sice nie je zachyteny
ziadnou hydrologickou zmienkou, na druhej strane vo svojich zapisoch priniesol tento autor
cenn¢ informécie o dennom stave pocasia, ktoré vyhodnotime v dalSom prispevku.
Nasledujtici autor zépisov v denniku (1702-1705) Juraj KoSeti¢ spoc€iatku taktiezZ nevenoval
pozornost’ hydrologickym zdznamom, k nim sa dopracoval aZ postupne, ato priblizne od
zaCiatku roka 1704, ked si zafal vSimat vyskyt ladovych javov na Vahu v Trencine
a zvyseny stav hladiny na tejto rieke. Zachytil tak viaceré pre nas doposial’ nezname pripady,
ktoré sa tu vyskytli v rokoch 1704 a 1705.

Zo spracovanych vysledkov vyplyva, ze v tomto dvojrocnom obdobi sa vyskytla spolu 7 krat
vel’kd voda na Véhu v Trencine, Z toho predpokladdme, Ze v piatich pripadoch mohlo ist’
0 povoden, ked voda z Vahu vystapila zo svojho koryta azaplavila brehy. Vsetky
zaznamenané povodne vSak radime k mensim, z toho v jednom pripade mohlo ist' o ladovi
povoden. Vyznamné su aj dennikové zdznamy o vyskyte ladovych javov na rieke Véah
V Tren¢ine, v zime 1703/1704 tu bol zaznamenany l'adochod v janudri 1704. V zime
1704/1705 sa tu vyskytli viaceré l'adové javy, ato od Ciasto¢ného po Uplny zédmrz
a zaznamenany bol aj rozpad l'adovej pokryvky, kedy sa na rieke objavil I'adochod, 'adova
zatarasa i S pravdepodobnou 'adovou povodnou. LCadové javy pocas tejto zimy trvali pomerne
dlha dobu, vyskytli sa uz v decembri 1704 a pravdepodobne kontinualne trvali minimalne do
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konca februara (zrejme az do zaCiatku marca) 1705. Toto zimné obdobie bolo charakteristické
prevazne chladnym pocasim, ¢o koreSponduje s charakterom tuhych zim obdobia tzv. malej
doby Tl'adovej. Po prestudovani zvysnej casti diaria (1706-1710), ktory mame k dispozicii,
vyhodnotime tieto vysledky v nasledujucom prispevku.
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ABSTRACT

This article is focused on the analysis of new record values of maximum daily precipitation totals
in Slovakia recorded in the period 2001 — 2021. The analysis is constructed as a simple
comparison between the record values measured in the periods 2001 — 2021 and 1951 — 2000. Our
research was carried out on the annual and seasonal time series of maximum daily precipitation
totals obtained from more than 450 precipitation stations. The paper presents the results of the
analysis for those months, in which the changes were most significant. The increase in the values
of the analyzed precipitation characteristics during the winter season (XII — II) is particularly
noteworthy. A similar development was also detected in other seasons, but it was only limited to
individual months and was not present throughout the season. The increase in the winter
precipitation totals is associated with a significant increase in the average winter air temperature. A
warmer atmosphere not only results in a proportional change in the total amount of the solid,
liquid and mixed precipitation, but can modify the nature of winter precipitation. Changes in
maximum daily precipitation totals were more pronounced in the more continental climate of
eastern Slovakia.

Keywords: daily precipitation totals, extreme precipitation, climate change

INTRODUCTION

Man induced climate change is noticeably warming the atmosphere and this warming process
is still accelerating during the 21% century. In a warmer environment, the atmosphere may
contain more water vapor (IPCC 2022). A warmer atmosphere not only results in a
proportional change in the total amount of solid, liquid and mixed precipitation but can also
significantly change the nature, intensity and abundance of winter precipitation (Markovi¢ et
al., 2020). Warmer winter condition can result in higher daily precipitation totals, which are
usually not characteristic for traditional winter climate in Central Europe. Europe and adjacent
areas of Atlantic Ocean registered during the second decade of the 21% century weakened and
often absent west-east transmission of moist air masses. This change in the traditionally
predominant atmospheric circulation might have directly affected results of this analysis.
Perhaps the most noticeable is the decline in more homogeneous longer-lasting large-scale
stratiform precipitation. This type of precipitation, which originates in the North Atlantic
Ocean, is the main source of precipitation in the traditional climate conditions of inland
Europe. It is therefore very important to properly examine the changes in maximum daily
precipitation totals in order to better understand changing weather extremes. This article
presents an analysis of daily rainfall totals in annual, seasonal and monthly time steps for
meteorological stations in Slovakia in the years 1951 — 2020.

METHODS AND DATA

Maximum daily precipitation totals (1D_max) were analyzed at 491 precipitation stations
with complete, homogeneous, and consistent daily precipitation sets over the 70-year period
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1951 — 2020. (Fig. 1.). For historical reasons, the daily amount of atmospheric precipitation is
measured as a 24-hour total from 7:00 a.m. to 7:00 a.m. the following day at Slovak
precipitation stations. So it's not really a "true” daily total. This paper presents an analysis of
new record values of the maximum daily precipitation totals in Slovakia recorded in the
period 2001 — 2020 with focus on the comparison with previous record values from the period
1951 — 2000. Data were evaluated using geostatistical analysis and spatially interpolated
using the Inverse distance weighting (IDW) method. IDW is a type of deterministic method
for multivariate interpolation with a known scattered set of points. The assigned values to
unknown points are calculated with a weighted average of the values available at the known
points (Achilleos, 2011).

Legend
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Fig. 4. Network of precipitation stations used in the analysis.
RESULTS AND DISCUSSION

The analysis was performed on annual, seasonal and monthly time series of daily precipitation
totals. This article presents the results of the spatial geostatistical analysis for those months
and seasons in which the most significant changes were detected. Most significant changes in
seasonal values, exceeding 60 percent of previous 1D_max, were detected during spring
(central part of Slovakia) (Fig. 2A, 2C; Fig. 3A.) and autumn (west part of Slovakia) (Fig.
2B,2D; Fig. 3B.). The origin of these changes differs significantly between the two seasons.
The increase in 1D_max values during spring is almost exclusively related to the intensive
convective storms and showers. The change in autumn maxima is, on the other hand, caused
by a change in the nature of the atmospheric circulation. These changes lead to the recurrence
of circulation systems originating in the Mediterranean region, which may cause widespread
and prolonged stratiform precipitation during September.
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If we focus on individual months, then the most remarkable increase in 1d Max values is
recorded during the winter months of January (1) and February (II) and in May (V),
September (1X) and November (X1) (Fig. 3). April (IV) and October (X) are the months with

the smallest recorded change.

A SPRING 1951 - 2000 B AUTUMN 1951- 2000

Legend
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Fig. 2. Spatial distribution of maximum annual and seasonal values of daily precipitation totals
in spring and autumn [mm] during periods 1951 — 2000 and 2001 — 2020 in Slovakia and relative
change [%0] between the period 2001 — 2020 and 1951 — 2000.
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Fig. 3. The relative change [%] in maximum seasonal values of daily precipitation totals during
spring (A) and autumn (B) [mm] between the periods 2001 — 2020 and 1951 — 2000 in Slovakia.
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Fig. 4. The relative change [%] in maximum seasonal values of daily precipitation totals during
January (A), February (B), May (C), September (D) and November (E) [mm] between the
periods 2001 — 2020 and 1951 — 2000 in Slovakia.

When comparing the two selected periods 2001 — 2020 and 1951 — 2000, absolutely the most

significant changes were recorded in January (Table 2). The record value of the maximum
January daily precipitation total increased at more than 72% of the 491 stations included in
the analysis. The average maximum value for the whole set increased by 24% from 29,5 mm
to 36,6 mm (Tab. 2.). Changes in record values were in some cases very significant, for
example a 220% increase was recorded at the HrabusSice station (from 16,7 mm to 53,4 mm).
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The extreme west, northwest and north of Slovakia was relatively less affected by the change
in 1d_max detected in January. The lack of changes detected in the extreme west, northwest
and north of Slovakia is related to the more oceanic climate in this part of Slovakia. In
general, the most significant factor influencing this change was a significant increase in the
long-term average monthly January air temperature. This fact results in the frequent
occurrence of exceptionally warm January.

Table 1. Average annual and seasonal values of maximum daily precipitation totals for the
periods 1951 — 2000 (row 1) and 2001 — 2020 (row 2), with the relative change (row 3) the highest
recorded relative change (row 4) and the percentage of stations with new record value (row 5)

YEAR WHY CHY IlI-V VI-VII IX-XI XII-1I
AVER MAX
1951 - 2000 85.1 83.9 55.8 54.5 82.4 60.1 43.5
[mm]
AVER MAX
2001 - 2020 90.4 89.6 57 59.6 87.9 64.3 45.7
[mm]
DELTA
[%] 6 7 2 9 7 7 5
MAXDELTA
[%] 130 129 174 137 130 114 129
NEWMAX 34 35 19 40 36 37 33
[%]

Table 2. Average monthly values of the maximum daily precipitation totals for the periods 1951
—2000 (row 1) and 2001 — 2020 (row 2), with the relative change (row 3) the highest recorded
relative change (row 4) and the percentage of stations with new record value (row 5)

I 1 i 1v. v vl Vil VIl IX X XI Xl

AVER MAX

1951-2000 295 327 341 458 505 666 72 654 54 517 415 41
[mm]

AVER MAX

2001-2020 366 357 364 468 569 708 774 72 599 529 444 425
[mm]

DELTA
[%]

MAX DELTA
[%]

NEW MAX
[%]

24 9 7 2 13 6 7 10 11 2 7 3

220 90 115 69 160 117 142 173 134 65 115 129

72 45 3% 18 49 33 38 41 43 21 34 23

CONCLUSIONS

Changing climatic conditions constantly modify record values and have potential to extremify
intensity and total amount of precipitation. It is therefore essential to provide revised and
actual extreme values of precipitation totals. These changed extreme daily precipitation totals
(1D_max) significantly modify traditional climatological knowledge and shows, that even
winter precipitation can, in this new conditions, exceed 50 mm. This paper presents an
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analysis of new record values of 1D_max in Slovakia recorded in the period 2001 — 2020 with
focus on the comparison with previous record values from the period 1951 — 2000. The
increase in the winter 1D_max is particularly noteworthy. A similar development, in a form of
a significant increase, was also detected in other seasons. In these cases, it was limited only to
individual months and was not present throughout the season. The most significant changes
were recorded in January. The record value of the maximum January daily precipitation total
increased at more than 72% of the 491 stations included in the analysis and the average
maximum value for the whole set included in the analysis increased by 24% from 29,5 mm to
36,6 mm.
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ABSTRACT

Classification of the Carabid life forms sensitively reflects the enormously diversified relationships
between the body form of these beetles and their mode of life. Thus they represent a suitable
criterion for evaluation of the structure of Carabid assemblages and the role they play in different
ecosystems, as well as degree of their naturalness or damaging by various factors. Evaluation of
changes in the representation of life forms in the Carabid assemblages in the area of High Tatra
destroyed in November 2004 by the extensive windstorms shows that in the destroyed plots and
plots additionally damaged by fire by turn of July and August 2005 were extensively invaded by
the myxophagous harpaloid geobionts. They invasion was stronger in the site additionally damged
by fire, but gradually it declined in all destroyed sites. Quantitatively the walking zoophagous
epigeobionts started to dominate in these sites. In the intact reference site and in the damaged site
with timber in situ the zoophagous walking epigeobints also started to dominate above the
zoophagous stratopbions living in liter a burying into soil. from this aspect the striking

convergention run in all studied Sites.
Keywords: Carabids, life forms, food guilds, High Tatra, windstorms

INTRODUCTION

The enormous ecological differentiation of Carabids is reflected by a wide variability of their
body form and various proportions of individual body parts. They reflect adaptations to their
environment and life strategy. Since the long time, the long and narrow pronotum and head of
Cychrus spp. was known as adaptation to eat the interior of the mollusc shells. A similar
“ychroiid” body shape is also known in the East Asian species of the genus Accoptolabrus.
Other example is the wide and flat body of Abax spp. and some species of the related genus
Pterostichus, which the makes easier movement in the forest litter (Thiele 1977). Basing on
the detailed analysis of the variability of Carabid body shape, Sharova (1981) created a
modern and complex system of life forms of Carabid adults and larvae. This system makes
possible to classify the species of individual assemblages into different functional groups
reflecting their major ecological niches, food relations and modes of movement and hiding.
Thus this system gives a more detailed view into the structure Carabid assemblages and on
this base it allows to interpret more clearly the changes of the assemblages exposed to various
disturbance or, on contrary, evaluate succession of their renaturation. The Sharova’s system of
life forms is relatively complex including 29 classes of imaginal life forms and 23 clsasses of
larval life forms. It also distinguishes two types of the trophic relations of species — the
zoophages and myxophages, but it classifies them into different groups of life forms,
according the movement or hiding of the species. In order to simplify and to precise this
aspect there are distinguished three more detailed trophic guilds (predators, myxophages and
phytophages), which give a more forthright view on this aspect of the assemblage structure.
The aim of this paper is to show the changes in representation of individual life forms and
trophic guilds during succession of Carabid assemblages in the forests on the southern slopes
of High Tatra damaged after the windstorm of November 2004.
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METHODS AND DATA

The Carabids were pitfall trapped in six plots (intact reference plot at Vysné Hagy, plot with
fallen timber in situ Jamy near Tatranska Lomnica, two plots with extracted fallen timber
(Danielov Dom a Vodny les) and two plots with extracted timber and additionally affected by
extensive fire by turn of July and August 2005 (Tatranské zruby lower a Tatranské zruby
upper). The plots were situated between Vysné Hagy and Tatranskd Lomnica at the altitudes
of 1015 - 1235 m a.s.l. in 2007-2015. The details on these plots and abundance of individual
species during the whole investigation period are given in the papers of Sustek & Vido
(2013), Sustek et al. (2015, 2017) and Sustek (2021).

In each plot six plastic jars with opening of 9 cm filled with formalin traps were installed as
traps. They were emptied approximately in one month intervals.

Among the large number of life forms of Carabids distinguished by Sharova (1981) only
seven lifer forms (Table 1, second column) were recorded. The characteristics of trophic
relations of species (Table 1, third column) was made according to monographs of Burmeister
(1939) and Lindroth (1949, 1986).

Representation of each life form and trophic groups is presented qualitatively as number of
species shoving the respective properties and quantitatively and the cumulative dominance of
such species given in percentage in order to eliminate the strong annual fluctuation of caught
beetles.

Table 1. Survey of life forms and trophic relations of Carabids occurring in High Tatra in the
area damaged by the windstorm of 2004 (ZSLS —zoophagous stratobionts living in litter and
burying into soil, ZSL-zoophagous stratobionts living in litter, ZWE-zoophagous walking
epigeobionts, ZSL.C-zoophagous stratobionts living in litter and craks, MGH-myxophagous
geobionts harpaloid, MSCH-myxophagous stratochortobionts, C—carnivors, M—-myxophages, P—

phytophages)
Trophic
Species Life form relation
Agonum micans (Nicolai, 1822) ZSLS C
Agonum sexpunctatum (Linnaeus, 1758) MGH C
Amara aenea (De Geer, 1774) MGH P
Amara erratica (Dfuiftschmidt, 1812) MGH P
Amara eurynota (Panzer, 1797) MGH P
Amara familiaris (Panzer, 1797) MGH P
Amara lunicollis (Schodte, 1837) MGH P
Amara nitida (Sturm, 1825) MGH P
Amara ovata (Fabricius, 1792) MGH P
Anisodactylus binotatus (Fabricius, 1792) MGH M
Bembidion lampros (Herbst, 1784) ZSLS C
Calathus metalicus (Dejean1828) ZSL C
Calathus micropterus (Duftschmidt, 1812) ZSL C
Carabus arvensis Herbst, 1787 ZWE C
Carabus auronitens (Fabricius, 1792) ZWE C
C.arabus coriaceus Linaeus, 1758 ZWE C
Carabus glabratus Paykull, 1790 ZWE C
Carabus hortensis Linaeus, 1758 ZWE C
Carabus linnei Dejean, 1826 ZWE C
Carabus nemoralis O. F. Mueller, 1764 ZWE C
Carabus violaceus Linnareus, 1758 ZWE C
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Cychrus caraboides (Linnaeus, 1758) ZWE C
Europhilus gracilipes (Duftschmidt, 1812) ZSLS C
Harpalus affinis (Schrank, 1784) MSCH M
Harpalus distinguendus (Duftschmidt, 1812) MSCH M
Harpalus latus (Linnaeus 1758) MSCH M
Harpalus quadripunctatus (Dejeasn, 1829) MSCH M
Leistus piceus (Frohlich, 1799) ZSL C
Leistus terminatus (Hellwig in Panzer, 1793) ZSL C
Loricera caerulescens (Linaeus, 1758) ZSLS C
Microlestes maurus (Sturm, 1827) ZSLC C
Molops piceus (Panzer, 1793) ZSRLS C
N.otiophilus biguttatus (Fabricius, 1779) ZSRLS C
Notiophilus palustris (Duftschmidt, 1812) ZSRLS C
Poecilus cupreus (Linaeus, 1758) ZSLBS C
Poecilus versicolor (Sturm, 1824) ZSLBS C
P.seudophonus rufipes (De Geer, 1774) ZSLBS C
Pterostichus aethiops (Panzer, 1797) ZSLBS C
Pterostichus angustatus (Duftschmidt, 1812) ZSLBS C
Pterostichus burmeisteri (Heer, 1801) ZSLBS C
Pterostichus foveolatus (Duftschmidt, 1812) ZSLBS C
Pterostichus niger (Schaller, 1783) ZSLBS C
Pterostichus nigrita (Fabricius, 1792) ZSLBS C
Pterostichus oblongopuncatus (Fabricius,
1787) ZSLBS C
Pterostichus strenuus (Panzer, 1797) ZSL C
Pterostichus unctulatus (Duftschmidt, 1812) ZSRLS C
Trechus amplicollis (Fairmar, 1859) ZSL C
Trechus latus (Putzeys, 1847) ZSL C
Trechus striatulus (Putzeys, 1847) ZSL C
M

Trichotichnus laevicollis(Duftschmidt, 1812) MGH

RESULTS AND DISCUSSION

Life forms of Carabids

In the intact reference plot Vysné Hagy (Fig. 1) zoophagous walking epigeobionts (mostly
Carabus spp.) and zoophagous stratobionts living in litter and burying into soil (mostly
Pterostichus spp.) predominated as qualitatively as quantitatively. Next trophic group were
zhe zoophagous stratobionts living in liter, but in the second half of the investigation period
they disappeared. The harpaloid geochortobionts were qualitatively represented by one
(Trichotichnus laevicollis) or two species, but quantitatively their representation was
negligible.

The structure of life forms with the timber in situ Jamy (Fig. 2) was very similar to that in the
reference plot. The main difference was the more regular occurrence of the myxophagous
harpaloid geochortobionts and the increasing tendency to increase of their quantitative
representation in the second half of the investigation period. To certain degree the same
tendency was also observable in the myxophagous stratochortobionts.

Quite different situation was observed in the damaged plots with extracted timber.
Qualitatively, with some fluctuations, there was almost balanced representation of the
harpaloid geochortobions, walking epigeic zoophages and of the zoophagous stratobionts
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living in litter and burying into soil. Other life forms absented or were represented just
occasionally.
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Fig. 1. Qualitative (S — number of species) and quantitative representation (% - cumulative
dominance of Carabid life forms in the intact reference plot near Vy$né Hagy in the years 2007 —
2015 (from years only the last digit presented at abscissa).
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Fig. 2. Qualitative (S — number of species) and quantitative representation (% - cumulative
dominance of Carabid life forms in the plot with timber in situ in Jamy near Tatranska Lomnica

in the years 2007-2015 (from years only the last digit presented at abscissa).
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Fig. 3. Qualitative (S — number of species) and quantitative representation (% - cumulative
dominance of Carabid life forms in the plot with extracted timber at the Danielov dom near
Tatranska Polianka in the years 2007-2015 (from years only the last digit presented at abscissa).
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Vodny les

Vodny les

MGH

Fig. 4. Qualitative (S — number of species) and quantitative representation (% - cumulative
dominance of Carabid life forms in the plot with extracted timber Vodny les on the western
margin of Novy Smokovec in the years 2007-2015 (from years only the last digit presented at
abscissa).
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Fig. 5. Qualitative (S — number of species) and quantitative representation (% - cumulative

dominance of Carabid life forms in the burned plot with extracted timber near Tatranské Zruby

at the railway station in the years 2007-2015 (from years only the last digit presented at
abscissa).
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Tatranské Zruby upper

Fig. 6. Qualitative (S — number of species) and quantitative representation (% - cumulative
dominance of Carabid life forms in the burned plot with extracted timber near Tatranské Zruby
in the years 2007-2015 (from years only the last digit presented at abscissa).
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Fig. 7. Qualitative (S — number of species) and quantitative representation (% - cumulative
dominance of Carabid food guilds in four sites in High Tatra in 2007-2015 (only the last digit
presented, yellow — phytophags, brown — myxophags, blue — carnivores).
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Fig. 8. Qualitative (S — number of species) and quantitative representation (% - cumulative
dominance of Carabid food guilds in two sites in High Tatra in 2007-2015 (only the last digit
presented, yellow — phytopgags, brown — myxophags, blue — carnivores).

Quantitatively there were three contradicting tendencies. One was the sudden decline of the
representation of the harpaloid geochortobionts in the year 2001. This decline was stronger in
the plots with extracted timber, while in those additionally damaged by fire more moderate.
The second tendency was the simultaneous increase of quantitative representation of the
zoophagous walking epigeobionts in all damaged sites, which was common with the reference
site and the site with timber in situ.

The third tendency were strong fluctuations in representation of the zoophagous stratobions
living in litter and burying into soil. But in spite of the fluctuations, there was observable a
trend to decline of their quantitative representation.

Other live forms were quantitatively represented only negligibly.

The described changes show that the species having the same trophical relationships can play
quite different functions in the ecosystems according to their different size and mobility.

The observed changes were in contradiction to the trend observed along an idealized
urbanisation gradient in Bratislava and Brno, where the zoophagous walking epigeobionts and
zoophagous stratobionts disappeared in direction to the city centre and were replaced there by
the myxophagous harpaloid geochotobionts and myxophagous stratobionts (Sustek 1992). In
this sense the idealized urbanisation gradient represented a model of degradation of a Carabid
assemblage, while the trends observed in High Tatra represent a complicated, but
unambiguous tendency to the ecosystem restoration.

Trophic relations of Carabids

Number of species (Fig. 7) in each study plot ranged from 7 to 22. In the intact reference plot
at Vysné Hagy only one myxophagous species, Trichotichbus laevicollis, occurred in each
year and only one phytophagous species in the year 2011. Quantitatively almost all
individuals were carnivorous. The situation in the plot Jamy with timber in situ was
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qualitatively very similar to the intact plot, but quantitatively the representation of
myxophagous species (as matter of fact only Trichotichnus laevicolis) moderately increased
in the years 2010 and 2014.

In all damaged sites, with extracted timber as well as in those additionally damaged by fire,
about 1-3 myxophagous and 2-5 phytophagous species occurred in the whole investigation
period, but with the obvious tendency to a moderate decline of their number in the second half
of the investigation period. Quantitatively the phytophagous and myxophagous species
represented 30-40% of all individuals. This proportion was almost stable in the first three
years of the investigation, in the fourth and fifth year (2010-2011) it declined in the plots with
extracted timber, but in the plots additionally damaged by fire in temporary increased- Since
2012 proportion of all myxopgagous and phytophagous species strongly declined or the
phytophagous species disappeared.

CONCLUSIONS

The largest changes in structure of life forms of Carabids indicate that the restoration of the
damaged communities is disproportional. In more or less natural forests different zoophagous
forms of Carabids are balanced. In High Tatra, however, only the zoophagous walking
epigeobionts (as matter of fact only two species Carabus violaceus and C. glabratus) increase
their abundance, while the zoophagous stratobionts living in liter show considerable annual
fluctuations or even in the intact reference plot and in the plot with timber in situ their
representations declines. This indicates two possible causes of such development — the large
walking epigeobionts are favored by their mobility in colonizing the damaged site or, more
probably there also exist a predation pressure of the larger epigeobionts on the zoophagous
stratobionts and their larvae, which are small or medium sized.

The process of restoration is also indicated by decline of myxophagous geochortobions and
myxophagous stratochortobionts, which mostly do not belong to the forests species.
Comparison of analysis of changes in structure of carabid life forms and of the trophic guilds
show that they give principally similar results, but the analysis of life forms allows to obtain
more accurate results and deeper interpretations. From this reason the analysis of
representation life forms in Carabid assemblages is methodically suitable
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ABSTRACT

This study evaluates the ability of several Regional Climate Models (RCMs) to simulate rainfall
patterns in the South Caucasus region. In total, 8 RCM simulations were assessed against the CRU
observational database over different domains, among them two from the Coordinated Regional
Climate Downscaling Experiment (CORDEX). Seasonal climatology, annual rainfall cycles and
interannual variability in RCM outputs were estimated for 8 homogeneous sub-regions against
several observational datasets. Different metrics covering monthly and seasonal to annual time
scales are analyzed over the region of interest. The results confirm the distinct capabilities of
climate models in capturing the local features of the climatic conditions of the South Caucasus
region. At the same time, the analysis shows significant deviations in individual models depending
on the sub-region and season; however, the ensemble mean is in better agreement with
observations than individual models. Overall, the analysis presented here demonstrates that the
multi-model ensemble means adequately simulates rainfall in the South Caucasus and, therefore, it
can be used to assess future climate predictions for the region. This work promotes the selection of
RCM runs with reasonable performance in the South Caucasus region, from which, for the first
time, a high-resolution bias-adjusted climate database can be generated for future risk assessment
and impact studies.

Keywords: Gridded data, hindcast, reanalysis, regional climate models (RCMs)

INTRODUCTION

Assessing the anticipated climate variations and change on a regional scale is highly
important. The primary tool for projecting climate is global climate models (GCMs), the
output of which requires to be downscaled on a finer scale for the impact study, for which
regional climate models (RCM) are used. Modelling of climate predictions contains many
uncertainties, arising from several sources, such as incomplete model formulations, future
emission scenarios, and many other factors (Northrop and Chandler, 2014). Model errors are
probably the most viable to characterize, and potentially remedy to reduce the uncertainty.
Thus, Climate model evaluation is a necessary step for model development and improvements
for assessing and correcting model biases (IPCC, Climate change 1995; IPCC, Climate
change 2001, IPCC, Climate change 2007).

Design and distribution of global climate model simulations of the past, current, and future
climate by Coupled Model Inter-comparison Project (CMIP) is coordinated and has a long
history of evaluating the fidelity in simulating the present-day climate of multiple GCMs as a
fundamental step in estimating the uncertainty in future climate projections. Systematic multi-
model RCM experimentations and observation-based evaluations are much less mature than
those for GCM studies. GCMs operate all over the world, and this makes their comparison or
evaluation more accessible. RCMs are focused on a specific geographical area, thus all
regions are not equally explored and evaluated (Meehl et al, 2007; Reichler and Kim, 2008;
Gleckler et al, 2008; Reichler and Kim, 2008; Nikulin et al, 2012).

The CORDEX program was established as the first activity of the Task Force on Regional
Climate Downscaling established by the World Climate Research Program (WCRP).
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Common experimental designs in CORDEX are advantageous for many practical purposes
including model evaluations, uncertainty assessments, and constructing multi-model
ensembles (ENS) (Russo et al, 2019; Ozturk et al, 2017; Deitch et al, 2017). The Coordinated
Regional Climate Downscaling Experiment (CORDEX) initiative has made a huge number of
regional climate predictions available in various domains worldwide. This information is
critical for the design of adaptation strategies and policymaking. The challenge is to assess
potential multi-domain inconsistency while overlapping regions and to develop appropriate
ensemble methods that try to make the most of all available information (Zittis, 2018; Zittis et
al, 2019).

There are a big number of simulations in Europe, the Mediterranean area, Africa and North
America (CORDEX domains), with numerous RCMs, different resolutions and experiments.
Several leading scientific institutes and communities are involved in the effort to develop
regional climate and earth system science in the mentioned regions (Lionello and Scarascia,
2018; Almazroui et al, 2016). Within the framework of these activities, the effectiveness of
separate RCMs has been studied. Uncertainties in regional climate simulation, within the
multi-models, multi-domains and resolution systems were estimated (Almazroui et al, 2016;
Almazroui, 2019). Also, uncertainties in the so-called reference data, i.e. in gridded
observations or analyses data were investigated. The evaluation criteria and suitable metrics
for ensembles have been determined. The value of the EURO-CORDEX ensemble is shown
via the number of peer-reviewed studies and its use in the development of climate services.
Evaluations of the EUR-44 and EUR-11 ensembles also show the benefits of higher
resolution. The added value of regional downscaling concerning scale, uncertainty, processes,
and phenomena was investigated in several papers. However, significant challenges remain.
Further development of scientific understanding aims to explore issues such as local-regional
phenomena at convection-permitting scales and the impacts of land cover changes on regional
climate across spatial and temporal scales. For the solution to these tasks flagship pilot study
(FPS) was initiated (Bucchignani et al, 2016; Bucchignani et al, 2016).

This work is focused on the hindcast evaluation of precipitation patterns over the South
Caucasus region, which is highly variable both in space and in time. The territory is
unfortunately not fully covered with EURO and MED CORDEX domains, where lots of
RCM simulations are available and rainfall across both domains is well investigated. Only
CAS (Central Asia) and MENA (the Middle East and North Africa) - CORDEX domains
overlap our target area. Several simulations became available in recent years in these
domains, also some study results are presented in scientific papers focusing on different
geographical areas inside of the domain (Bucchignani et al, 2018; Ozturk et al, 2018; Spinoni
et al, 2020). However even the main climate parameters — temperature and precipitation are
not evaluated for the South Caucasus region. This first demonstration case study focuses on
hindcast evaluation in the multi-model, multi-domain ensemble of annual rainfall cycles,
seasonal climatology, and interannual variability (Zittis and Hadjinicolaou, 2017).

This study evaluates the 6 RCM simulations over the Georgia using Regional Climate Model
Evaluation System (RCMES). We include in this research 2 RCMs’ (RegCM v 4.7.0 and
WRF-ARW v3.9.1.1) simulations over the domain centered to Georgia performed by us and 6
simulations over MENA and CAS domains. Such a choice has resulted in the fact that the
evolutionary simulations are available only for these models on ESGF (Earth System Grid
Federation)-CORDEX archive.

Section (a) provides details of the experimental design including the evaluation domain,
RCMs, and reference datasets; sections (b) and (c) — reference data and models used in the
study; section (d) provides details of the Regional Climate Model Evaluation System
(RCMES) used in the model evaluation; section (e) - climate description of country; sections
(f) and (g) presents the evaluation of RCM skill in simulating the targeted variables and
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examines the uncertainties in model evaluation related with reference data; results are
summarized in section (h).

METHODS AND DATA

Evaluation Domain

In the study, we have used several data archives, most of which are available from the
federative ESGF infrastructure, including the Coordinated Regional Climate Downscaling
Experiment (CORDEX). We downloaded 7 CORDEX simulations over Central Asia (CAS)
and the Middle East and North Africa (MENA) domains, covering South Caucasus territory
(Fig.1. ab). Two of our simulations with the same boundaries and with different
configurations over the domain centered to the South Caucasus region and with the 15 km
resolution from two RCMs - RegCM4 and WRF have also been evaluated (Fig.1. c).

Fig. 1. a, b— CORDEX Middle East and North Africa (MENA) and Central Asia (CAS)
domains; c- Caucasus domain (CAU).

All RCMs are forced with ERA-Interim - reanalysis of the global atmosphere dataset. The
ERA-Interim atmospheric model and reanalysis system uses cycle 31r2 of ECMWE’s
Integrated Forecast System (IFS), configured for the spatial resolution - T255 spherical-
harmonic representation for the basic dynamical fields and a reduced Gaussian grid with
approximately uniform 79 km spacing for surface and other grid-point fields.

For the reference data, we used global gridded observations (CRU) and TRMM precipitation
monthly data.

Reference data

For validation of individual models, also for the ensemble the gridded global data set of the
Climate Research Unit (CRU) latest version TS 4.03, was released on 15 May 2019, covering
the period 1901-2018 Coverage: all land areas (excluding Antarctica) at 0.5° resolution for 6
variables were used. These monthly observational data sets are based on statistical
interpolation methods (ADW - Angular Distance Weighting technique), which are gridded
time series and represent one of the most comprehensive observational data sets available
(Harris et al., 2014).

TRMM has provided critical precipitation measurements in the tropical and subtropical
regions of our planet, since its launch in 1997. The Precipitation Radar (PR) looked through
the precipitation column and provided new insights into tropical storm structure and
intensification.

The TRMM Microwave Imager (TMI) measured microwave energy emitted by the Earth and
its atmosphere to quantify the water vapour, the cloud water, and the rainfall intensity in the
atmosphere. The most relevant TRMM-related products for climate research are TMPA

176



Electronic book
Interdisciplinary Approach in Current Hydrological Research

(Multi-satellite Precipitation Analysis) 3B43 monthly precipitation averages available in 0.25°
spatial resolution, covering 50°N to 50°S from 1998-present (Kim et al., 2018].

Climate models used in the study

All RCMs used in this study are hydrostatic atmospheric circulation models aimed to run over
limited areas. The RCM names, responsible institutions for their simulations, resolutions,
simulation periods and domains are presented in table 1.

The ALARO-0 model is a configuration of the ALADIN model that is developed, maintained
and used operationally by the 16 countries of the ALADIN consortium. The dynamical core
of the ALADIN model 120 is based on a spectral-spatial discretization and a semi-implicit
semi-Lagrangian time-stepping algorithm. The ALARO-0 configuration is based on the
physics parameterization scheme 3MT (Modular Multiscale Microphysics and Transport),
which handles convection, turbulence and microphysics.

REMO is a three-dimensional atmosphere model developed at the Max Planck Institute for
Meteorology in Hamburg, Germany and currently maintained at the Climate Service Center
Germany (GERICS) in Hamburg. The physical packages originate from the global circulation
model ECHAM4, although many updates have been introduced. The vertical atmospheric
levels are represented in a hybrid sigma pressure coordinate system. Horizontally, REMO has
a spherical Arakawa C grid.

RCAA4. Since 1997 the Rossby Centre has developed an international standing in the field of
regional climate modelling with the development of the atmospheric model RCA, at SMHI.
RCA is based upon the numerical weather prediction (NWP) model HIRLAM. The RCA4
dynamical core is a two-time-level, semi-Lagrangian, semi-implicit scheme with six-order
horizontal diffusion applied to the prognostic variables.

HadRM3P is a limited-area regional climate model widely used worldwide as part of the
PRECIS (Providing Regional Climates for Impacts Studies) system, which was developed at
the Hadley Centre of the United Kingdom Met Office. The model has 0.44 x 0.44 degrees’
resolution with a rotated pole to achieve approx. 50 km x 50 km resolution on 19 levels over
the Central Asia domain (CAS-44 domain) representing the period from 1990 to 2011.
RegCMA4. Regional Climate Model RegCM is developed at ICTP (International Center for
Theoretical Physics). It uses the radiation scheme of the NCAR CCM3, the cloud scattering
and absorption parameterization, whereby the optical properties of the cloud droplets are
expressed

in terms of the cloud liquid water content and an effective droplet radius. The soil hydrology
calculations include predictive equations for the water content of the soil layers. Simulations
with two different versions of the model RegCM v.4.3 and RegCM v4.7.0 over all three
domains are evaluated in this paper. RegCM v.4.3 was run at the Bogazi¢i University,
Turkey, over CAS and MENA, with 0.440 X 0.440 resolution. The Georgian team of
researchers performed a simulation over the Caucasus domain with RegCM v 4.7.0.
WRF-ARW v3.9.1.1. Weather Research and Forecasting model is a next-generation
mesoscale numerical weather prediction system designed to serve both operational forecasting
and atmospheric research needs (http://www.wrf-model.org). It is a non-hydrostatic model,
with several available dynamic cores as well as many different choices for physical
parameterizations suitable for a broad spectrum of applications across scales ranging from
meters to thousands of kilometers. The dynamic cores in WRF include a fully mass- and
scalar-conserving flux from the mass coordinate version. The physics package includes
microphysics, cumulus parameterization, planetary boundary layer (PBL), land surface
models (LSM) and longwave and shortwave radiation. The Georgian team performed a
simulation with WRF over the Caucasus domain.
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Table 1. Summary of data used in the study

Dataset/version | Time Range | Resolution | Domain

Observation & reanalysis

CRUVTS 4.03 1901-2018 0.5° X 0.5° | Global

TRMM 1/1998 - 6/2013 0.25°X Tropics/Mid-
0.25° latitudes

ERA-Interim 1979- to the near 79 km Global

present

Climate models

ALARO-0 (RMIB- 1980-2017 0.22° X CAS

UGent) 0.22°

REMO (HZG- 1979-2017 0.22° X CAS

GERICS) 0.22°

RegCM v 4-3 1979-2005 0.44° X CAS

(BOUN) 0.44°

HadRM3P (MOHC) 1990-2011 0.443 X CAS
0.44

RCA4 (SMHI) 1980-2010 0.22° X MENA
0.22°

RCA4 (SMHI) 1980-2010 0.44° X MENA
0.44°

RegCM v 4 (BOUN) | 1980-2010 0.442 X MENA
0.44

RegCM v 4.7.0 1985-2015 0.15° X CAU
0.15°

WRF-ARWV3.9.1.1 | 1985-2015 0.152 X CAU
0.15

The Regional Climate Model Evaluation System (RCMES)

RCMES is an enabling tool for NASA for evaluating climate models on regional and
continental scales using observational datasets from a variety of sources. RCMES provides a
framework for performing systematic evaluations of climate simulations, such as those from
the CORDEX, using in situ observations, as well as satellite and reanalysis data products.
RCMES is composed of two main components, the Regional Climate Model Evaluation
Database (RCMED) and the Regional Climate Model Evaluation Toolkit (RCMET). RCMED
brings together massive amounts of observational and model data, but also deals with a wide
variety of sources and formats of data, necessitating significant investments in computer and
personnel resources to transfer, decode, (re)format, (re)archive, and analyze the data.

RCMET includes a software suite for calculating statistical metrics used in model evaluations
and visualizations. RCMET includes a Python OSS library for common climate model
evaluation tasks as well as a set of user-friendly interfaces for quickly configuring a model
evaluation task. Model-evaluation metrics and visualization generally vary widely according
to users and targets; RCMET includes the capability to incorporate user-defined metrics as
well as pathways to extract partially processed data (e.g., both model and reference data
regridded onto a common grid) so that users can do their own specific data processing and
visualizations (Gibson et al., 2019; Lucas-Picher et al., 2017; Lee et al., 2018).

178



Electronic book
Interdisciplinary Approach in Current Hydrological Research

Country climatology

Georgia, due to its geographical location, is under the influence of the circulation of temperate
and subtropical latitudes. Atmospheric precipitation on the country territory almost all year is
conditioned by cyclonic activities. However, precipitation associated with intra-mass
processes occurred quite often mainly in the warm period of the year in eastern Georgia, and
throughout the year in the western part of the country.

In the formation of the climate of Georgia, mainly zonal circulation takes place. Sometimes it
destroys the meridian circulation, during which there is an intrusion of colder air masses from
the north, and warmers - from the south. In such cases, special significance obtains to the
Greater and Lesser Caucasus (South Georgian highlands) ranges. High-mountainous system
of the Caucasus prevents a direct invasion of cold air masses from the north. Therefore, even
arctic invasions in Georgia are mitigated as a result of their transformation over the Black and
Caspian Seas. During the propagation of air masses from the West to Likhi ridge (sub-
meridional range connecting the Greater and Lesser Caucasus, dividing the country
climatically, watershed of the Black and Caspian Seas), they feel forced ascent and is
accompanied by intense rainfall. Because of the foehn effect in eastern Georgia, such
processes are often continued without precipitation. This type is the most frequent circulation
process in Georgia, so it significantly affects the distribution of precipitation on the country's
territory (Fig. 2.).

Synoptic processes through which air masses are distributed on the territory of the Caucasus,
and in particular, Georgia, are grouped into the following types: western, eastern, two-sided,
anticyclonic and wave disturbances developed in the southern regions of the Caucasus.
Convective processes also participate in the formation of weather and are more pronounced in
the warm period of the year.

Due to the country's climate regime, the territory was divided into eight sub-regions to
examine the simulation performance across the experiments on different sub-regions. These
regions mostly cover Georgia’s territory but also include some neighbouring parts, according
to the factors of local climate formation. In Fig. 2. the location and names of sub-regions are
presented, where RO1, RO2 and R03 are respectively western, central and eastern parts of the
Greater Caucasus mountains, R04 - Kolkheti lowlands, RO5 - central part including Likhi
range, R06 - Adjara Black Sea coastal zone with adjacent mountains, RO7 - Lesser Caucasus
mountains, R0O8 - eastern country plane territory.

Fig. 2. Study (Caucasus) domain: the colour contours represent the terrain elevation and the
numbered boxes with white boundaries indicate the eight sub-regions in which the area-mean
time series are evaluated (left); annual precipitation climatology (right).

RESULTS AND DISCUSSION

The analysis focuses on how the model simulates surface climate (precipitation) in response
to the large-scale forcing imposed by the ERA-Interim reanalysis and by local topographical
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features. The study presented here is performed over the interior domain to eliminate the
buffer zone where the direct effect of the lateral boundary conditions is maximum.

Evaluation metrics

Different metrics have been used to represent the performance of climate models in
simulating climatic conditions. Besides computing the mean bias (MBE) (1) and root mean
square error (RMSE) (2), the degree of statistical similarity between two climatic fields was
quantified in the form of normalized Taylor diagrams.
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where:

P is prediction, and
O is observation.

This can be considered as the combination of different measures such as the centered (or bias
removed) RMSE - CRMSE (3), spatial standard deviation (STD) (4) and spatial correlation

(R) ().
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dp is the prediction variance or standard deviation (STD),

do IS the observation variance or standard deviation (STD), and
R is a correlation coefficient.
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The Taylor diagrams reported in the present study are based on 16-year annual and seasonal
means in grid points. The spatial distribution of mean precipitation and the annual cycle of
mean monthly precipitation are also presented.

Uncertainties assessment

The accuracy of reference data is among the most important concerns in model evaluation. All
observations and/or analyses include errors of unknown/estimated magnitudes; e.g., analyses
based on surface station data are directly affected by local station density. This is especially
true for the Caucasus region in which station density varies substantially according to region.
Uncertainties in model evaluation originating from reference data are examined using two
different reference datasets. In addition to CRU, the Tropical Rainfall Measuring Mission
(TRMM) was selected for 1998-2005, overlapping with the period when the model evaluation
was performed.

All RCMs vyield higher spatial correlations with the CRU than TRMM. The standardized
deviations and RMSE are smaller in absolute values against CRU, but the same normalized
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metrics are closer to remote-sensing data, forasmuch as the spatial variability of the TRMM is
larger than in situ gridded data (CRU). So normalization by bigger quantities produces
reduced differences between modelled and reference data (in this case TRMM) (Fig. 3).

All RCMs vyield higher spatial correlations with the CRU than TRMM. The standardized
deviations and RMSE are smaller in absolute values against CRU, but the same normalized
metrics are closer to remote-sensing data, forasmuch as the spatial variability of the TRMM is
larger than in situ gridded data (CRU). So normalization by bigger quantities produces
reduced differences between modelled and reference data (in this case TRMM) (Fig. 3).

Fig. 4 shows the spatial distribution of mean annual precipitation biases averaged over the
entire period compared to the CRU and TRMM datasets. In all seasons (not shown)
precipitation bias against CRU data mostly ranges between £2.4 mm/day over the most of
domain, except in summer, when the deviation increases up to +£3.2 mm/day. Differences
between models and TRMM data range between +£2.0 mm/day in the cold period of the year
(NDJFM - November to March) and for annual biases. During the warm period (AMJJASO -
April to October) differences are higher (+2.4 mm/day). Finally, including a longer
comparison period, a better fit was obtained with CRU, although there are some
systematically occurred features in the spatial distribution of these differences. Relative to
CRU it is a noticeable wet bias over the Caucasus throughout the year, more apparent in the
western part in the winter season, shifting to the east in the summer months. Dry bias is the
most evident in summer over the plain territory, with the greatest underestimation on the
Black Sea coastal area and adjacent lowlands. As for TRMM, deviations in spatial features
are almost the same, but contrary to CRU, for all simulations, dry bias occurred again over
lowlands and plain territory and was especially clearly expressed over the west country
coastal zone and lowland territory.

A CRU e TRMM

1 CAS-22_ALARO 1 CAS 2ZZ2_ALARO

2 CAS-22 REMO 2 CAS-22 REMO

3 CAS-44_HadRM3P s CAS-44_HadRMZ23P
a4 CAS A4 _RoegChMa 4 CAS-44 RegCM4
5 CAU-15 RegChMAa 5 CAUI-15_ RegCMA

a CAU- 15 WRF
0.0 0.1 v MMNA 220 RCAA4 0.0 0.1 & CAU-15_WRF

0.2 a8 MNA-aai_ROCAAa 0.2 7T OMNA-2Z2Zi RCAA
2 MMNA 44i_PRoegCMa4 d & MMNA-141_RCAA
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¢ |
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Fig. 3. Evaluation of the simulated precipitation climatology over the land using two different
reference datasets: CRU (left) and TRMM (right) indicate the model ensemble evaluated against
different reference data.

It is dominant throughout the entire year, with precipitation overestimation depicted over the
Greater Caucasus most explicitly seen in summer. Therefore, the evaluation of models against
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two observation datasets demonstrates the spatial features of precipitation biases and bias
pattern is comparable with the terrain profile.

The differences between precipitation evaluations based on the two observation datasets may
have resulted from the difference in the observational platform and methodologies. This
examination shows that quality control and cross-examination of reference datasets are
important for model evaluations.

Evaluation results

In this study, a multi-year evaluation of overland precipitation against the CRU dataset is
carried out from 1990 to 2005. As already mentioned, the most noticeable feature is the
general moisture shift over the Greater and Lesser Caucasus (western part) mountains and dry
bias in the Black Sea coastal area and adjacent Kolkheti lowlands (Fig. 4). The spatial patterns
of wet biases for all simulations are similar, with the largest magnitudes being located over
Geater Caucasus range. However, overestimation in the HaDRM3P and RegCM4 coarser
resolution simulations is generally larger and extended over the West Georgia lowlands. The
dry bias over the lowlands and plains of the territory is found in all simulations except
RegCM4 with 0.44° resolution integrated into MENA (the Middle East and North Africa)
domain. It seems that coarser resolution simulations (0.44% generate the greatest wet biases
and MNA-RegCM4 is an outlier among six RCMs in the sense that it overestimates
precipitation over almost the entire study territory, whereas finer resolution runs (0.22°, 0.15°)
are the main producers of mentioned underestimation over lowland areas.

All RCMs calculations except for the local simulations performed for the Caucasus region,
seem to overestimate the precipitation over the high mountain regions and underestimate the
low heights, resulting in the least deviated ENS results relative to observations in the +1
mm/day range.
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Fig. 4. Annual-mean surface precipitation mm) from the CRU (a) (left), and TRMM (a) analysis
(right). The biases (mm) from the reference data for (b)—(j) the individual models and (k) the
multi-model ensemble (ENS).

Overall, all models simulate the spatial variations in the annual mean precipitation over
Georgia (R02, R03, R05, R07, R08) with the spatial pattern correlation coefficients between
0.5 and 0.8 and standardized deviations (the spatial standard deviation of the simulated
atmospheric precipitation normalized by that of the observed data) of 1.1-1.65 concerning
CRU data, except RCA4 and RegCM4, integrated for MENA domain on 0.44° grid, with
much higher STD up to 1.6-2.4 (Fig. 3). Fig. 3 also shows that the multi-model ensemble
mean (ENS) along with ALARO yields the smallest RMSE. Investigation of those metrics by
regions also reveals considerable differences, i.e. correlation is much lower (0.2-0.5) in the
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West part of the country (R0O1, R04, R06), especially in the Black Sea adjacent lowlands
(RO1), where the greatest RMSE (up to 4) and STD (up to 2.7) is obtained.

mm/day Region 01

mm/day Region 04

L D D D DN B N BN | -

[ 0 SUSIST, o) Ne )
TT]T
1Ll
oRNWwWhUIY
TTT1TT1]
; 11 1]
FRW ALY

3
2
o
O
2
o
D
Q
)
]
o
©

CAS-22_ALARO
CAS-22_REMO
RI

IVEES

MNA-24I_RCAG
MNA-24i_ RegChMa

——— ENS

[=TEINTIENTY.Io ¥=1

Fig. 5. Simulated and observed (CRU, thick red) precipitation annual cycle (mm) for eight sub-
regions. The thin red line indicates the multi-model ensemble precipitation.

A comparison of the simulated annual cycle against the CRU analysis for the sub-regions
shows that the multi-model ensemble agrees relatively well with the observed climatology in
these regions, except for region RO1. However, it should be noted that there are significant
differences between the selected nine simulations having not identical annual cycles and
variability ranges in monthly mean precipitation averaged over sub-regions, with differences
up to 6-7 mm/day for separate models. Accordingly, model biases vary noticeably according
to regions and seasons (Fig. 4). Fig. 5 shows the time dependence of model deviations since
precipitation offsets are not constant over time. They have a more or less clear annual cycle:
there is one RCMs (MNA-RegCM4) with a constant negative precipitation bias throughout
the entire year, for the other five models precipitation is mostly underestimated in summer (up
to 3-4 mm/day), whilst overestimated to a varying extent in the rest of the year resulting
ensemble simulations overall slightly positive bias. Therefore, the seasonal variation in the
magnitude of the bias in area-average precipitation means that the ENS simulation has a more
extreme annual cycle than the annual cycle of the observations. In the cold period (NDJFM),
all regions of the study territory have a wet bias. This appears to be the largest over the
western and central part of the Caucasus mountains. A dry bias in area-mean precipitation is
greatest during autumn and especially in summer. In these seasons, dry biases extend over
entire low-elevation regions including the Greater Caucasus western part. This can be related
to the simulation of cold-season snowpack in high-elevation regions and/or the lack of
resolutions both in model simulations and the CRU data, suitable for representing the large
orographic variations and associated variations in atmospheric precipitation in the
mountainous region. As well as in modifying synoptic systems entering the domain enhancing
the role of the large-scale frontal processes while diminishing the locally induced intra-mass
precipitation that is mostly related to extreme rainfall events.

Fig. 6 presents the normalized biases and interannual variability in terms of the percentage of
the temporal standard deviations of the CRU data over the 16 years of the simulated
atmospheric precipitation in the eight sub-regions during each season. The scaled model bias
shows that the wet bias over the Caucasus mountains is common for nearly all models (except
RCMs integrated over the Caucasus) and is more distinct in the cold period of the year
(NDJFM) over the western mountainous part, whereas getting sharper in the east and south
Caucasus in the warm period (AMJJASO).
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The dry biases generated by CAU-15 are less strong during the almost entire year (by 50%—
150% of the observed interannual variability) and ENS underestimation over the mountainous
region RO1 in summer, is the only exception. As for dry bias on the intermountain area (R04,
RO5, R08) negative deviations are systematic for most of the models (except MNA-RegCM4
and CAS-HaDRM3P) in the warm period (AMJJASO), getting especially evident for west
Georgia lowlands (R04) in summer months.

The model's skill in simulating the interannual variability of the seasonal precipitation is
further examined using RMSE and the temporal correlation coefficients between the
simulated and CRU data. The resulting RMSE (Fig. 6) exceeds the interannual variability of
the CRU data regardless of the models and seasons (i.e., normalized RMSE>100%),
especially during winter, when the normalized RMSE for the multi-model ensemble is not
less than 240% while for separate RCMs is well above 400% mostly for regions belonging to
Greater Caucasus range (R01, R02, R03). As for ENS, it yields the smallest RMSE in spring
(MAM). Like the bias, it reveals systematic behaviour in terms of regional distribution, i.e.
throughout the year RMSE is the greatest over the Greater Caucasus range, enhancing in the
western part in the cold period and the East in the warm period of the year. Additionally, for
annual and cold period means because of mostly underestimation is evident, ENS RMSE is
greater than for separate models that are ALARO and RCMs integrated over the Caucasus
domain, having a generally negative bias.

The spread of bias fields mostly ranges between —240% and +240%, however, MNA-
RegCM4 and CAS-HaDRM3P (overestimation) models are exceeding these limits in the
winter-spring period almost all over the country. Other models are beyond these ranges over
the Greater Caucasus regions. Underestimation greater than these limits is common not for
any specific model but the lowland and plain territory (R01, R08) in summer-autumn seasons.
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CAS-HaDRM3P in the cold period of the year and MNA-RegCM4 in the warm period
typically show a strong wet bias when compared to the CRU observational dataset. In general,
RegCM4 and WREF, integrated over CAS and Caucasus domains, performs among the best
climate models: i.e., producing close to zero mean annual bias due to the least biased
performance during the period from November to March. Hence, higher resolution
simulations (RegCM4, WRF) are expected to decrease the mean bias fields, and actually, the
standard deviation of bias averaged over the region in each season is smaller in the case of
RegCM4 and WRF compared to the ensemble (Fig. 5). The wide range of the spread in
seasonal biases can be directly attributed to the different topography and parameterizations
implemented in the evaluated climate models.

The model biases also vary systematically according to region. For spring, the most
noticeable systematic biases are the wet bias over the almost entire territory with relatively
smaller dryness revealed in the central mountainous part (RO5 Likhi range). For autumn, the
most systematic biases are again the wet bias in the mountainous regions including East
Georgia plains (R08), whilst dry bias is enlarged relative to spring and covers also West
Georgia lowlands. In winter, wet bias is evident relative to other seasons as shown in Fig. 6.
As for summer, dry bias gets dominant compared to other seasons and it varies closely with
orography. This feature of orography dependence bias is noticeable during the whole year but
most evident in summer. The evaluation of the temporal standard deviation, a surrogate for
the interannual variability, shows that all models perform reasonably well in simulating the
interannual variability of spring precipitation for all sub-regions. Most of RCMs overestimate
the interannual variability of the cold season precipitation; overestimation is greatest for the
models integrated over the MENA domain. For all seasons finest resolution simulations,
integrated over the Caucasus domain have the least STD. Correlation coefficients between the
simulated and CRU time series (Fig. 6) also show that climate models examined in this study
generally perform better in simulating the phase of the interannual variation in the overland
precipitation during autumn (SON) than in other seasons. As for separate simulations, the
poorest correlation was found for the WRF model integrated with the Caucasus domain. An
overview of seasonal means approved that degree of matching with observation varies by
region and depends on the season. In contrary to annual correlations, west Georgia regions
(RO1, R04, R06) were found as almost not correlated with observations, whilst the same
regions 04 and 06 have the highest scores for winter and autumn seasonal means.

CONCLUSIONS

In the present study, six climate models have been evaluated over a 16-year reference period
(1990—-2005) against CRU observational dataset, while the TRMM data have been used for
comparison. This study aims to provide useful information on the general capabilities of given
models in reproducing climatic conditions over the South Caucasus region. This article does
not attempt to identify the physics and dynamics of the model responsible for the differences
in RCM performance. In general, the annual precipitation cycle averaged over the study
region is relatively well represented by ensemble modelling. According to the spatial
distribution of seasonal precipitation, models performing well for annual precipitation do not
necessarily perform well in separate seasons. The model performance varies widely and, often
systematically, according to regions and seasons. These characteristics in model errors make
it difficult to design a set of model weightings that can be universally applied to the
construction of a multi-model ensemble.

According to the findings reported in the present work, the following considerations can be
made: (i) there is not a single model outperforming the other ones in all aspects, but it is also
important to note that all models have their strengths and weaknesses; (ii) higher resolution
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simulations may more adequately resolve over-land precipitation variations in the region; (iii)
but due to the amplification of biases or the increased internal variability on small scales
induced by strong local surface heterogeneities within the regional domain, higher resolution
simulations not necessarily reduce the uncertainties; (iv) domain of model integration might
have a significant impact; (v) model performances are also influenced by observational
uncertainties and (vi) it is fundamental to test whether an RCMs can reproduce the mean
climatology and temporal variability over a region using finer scale observations from
different sources.
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ABSTRACT

Mongolia is considered the stronghold of the Pallas’s cat population (Otocolobus manul Pallas,
1776) and is thought to be widely distributed across Mongolia’s mountain steppes. However, the
species ecology and regional distribution remain poorly known. In June 2018, we performed an
interview-based survey to estimate the current distribution pattern of the Pallas’s cat in the Gobi
Gurvansaikhan National Park, Southern Mongolia, and assessed how the population’s
distribution has changed over the last 30 years. We used the multi-season site-occupancy
framework to assess factors affecting the probability of use by Pallas’s cat while controlling for
imperfect detection. The distribution of Pallas’s cat was positively correlated with ruggedness.
Furthermore, detection probability was greater for herders that spent more time or visited a larger
area of the mountains. Our results indicate that the distribution of the Pallas’s cat in the Gobi
Gurvansaikhan National Park has shrunk by 15% over the last 30 years. These results highlight
the importance of monitoring the elusive species in order to inform conservation and
management efforts in Mongolia. Since June 2022, we have been conducting this research to
estimate the distribution of Pallas’s cat in Central Mongolia.

Keywords: Otocolobus manul, Pallas’s cat, distribution, occupancy, habitat change

INTRODUCTION

The Pallas’s cat (Otocolobus manul), also known as the manul, is a small-sized felid native to
the grasslands and mountain steppes of central Asia. Pallas’s cat primarily occurs in Mongolia
and China (Batsaikhan et al., 2014; Ross et al., 2020). The Pallas’s cat is listed as Least
Concern in the ITUCN Red List and the main threats to the species are habitat loss and
fragmentation due to increasing human and livestock populations, infrastructure development,
mining, illegal hunting, killing by herding dogs, accidental capture when trapping for other
animals, decreasing prey numbers largely due to poisoning, and climate change (Clark et al.,
2006; Ross et al., 2019, Ross et al. 2020). Another threat is the lack of basic information
about the species regional distribution, abundance, and population trends for most of the range
(Ross et al., 2019, 2020).

Assessing the distribution of Pallas’s cat is challenging due to low population densities, their
elusive behavior, and the remoteness of their habitat (Munkhtsog et al., 2004; Ross, 2009;
Ross et al., 2010a, 2012., Barashkova et al., 2017). Occupancy modelling (Mackenzie et al.,
2003; Mackenzie et al., 2017) has been used to estimate species occurrence, distribution, and
habitat selection for a variety of species (Cabeza et al., 2004; Smith et al., 2007., Ruell et al.,
2009).
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The probability of occupancy has been proposed as a useful technique to assess the
distribution of the Pallas’s cat and how it changes over time (Ross et al. 2019). Similarly, for
species that are difficult to detect, such as the Pallas’s cat, the use of interview data in an
occupancy framework has the potential to provide a cost-effective alternative to large-scale
field surveys (Caruso et al., 2017; Taubmann et al., 2017). Local people living in areas
adjoining or overlapping with wildlife habitats represent a source of potentially valuable
information on the occurrence of species and potential threats (Lunney et al., 2009; Pillay et
al., 2011; Zeller et al., 2011; Taubmann et al., 2017; Ghoshal et al., 2017). This study aimed
to examine (1) the current distribution of the Pallas’s cat in the Gobi Gurvansaikhan National
Park in southern Mongolia and in the Hustai National Park in Central Mongolia and how this
has changed during the last 30 years and (2) the factors affecting the distribution of the Pallas’
cat in both national park by using a multi-season site-occupancy model. A detailed
understanding of how the distribution of the Pallas cat changes over time and the factors that
affect these changes are important for the conservation of this elusive and shy cat.

METHODS AND DATA

We conducted a household survey between June and July from all known households in the
Gobi Gurvansaikhan National Park in Southern Mongolia. The Gobi Gurvansaikhan National
Park (27,000 km?) was established in 1993 and is the largest national park in Mongolia;
elevation ranged from 1000 m to 3000 m in altitude and the park’s landscape vary from alpine
meadows to sandy deserts but is dominated by desert, semi desert, and steppe (Donald &
Sabine, 2006). The climate is continental and temperature extremes from 40° C to minus 40°
C. The national park is rich in wildlife and is also an area that is used by nomadic herders and
their livestock for thousands of years. Our study area comprised of 4,500 km2 of the core
zone of the national park, called the Zuunsaikhan and Dundsaikhan mountains. We asked
about the sightings of Pallas’s cat in two different time periods (1980-1990 and 2008-2018),
considering direct pugmark and sighting as a detection. For data analysis, we used
PRESENCE v. 2.12.25 (Hines, 2006) to run multi-season occupancy models (D. I. Mackenzie
et al., 2003) to estimate the probability of occupancy, detection, and local extinction and
colonization. We created maps with the probability of occupancy for the Pallas’s cat from the
two time periods using QGIS v. 3.6.2.

Since June 2022, we started a household survey in Hustain Nuruu National Park in Central
Mongolia and the same methodology of data collection was used to estimate the detection of
Pallas’s cat. The Hustain Nuruu National Park (570 km?) is a large conservation area
established in 2003. The national park consists of a mountain and upland steppe (van
Dierendonck & Vries, 1996), and the climate is characterised by long cold winters (lowest
temperature of -40 °C), and short temperate summer (reaches up to +40 °C). In total, 54
interviewees were interviewed, and this research is going to continue through June 2023 in the
national park.

189



Electronic book
Interdisciplinary Approach in Current Hydrological Research

Fig. 3. Captured Pallas cat in camera trap in Central and Southern Mongolia.
RESULTS

In the Zuunsaikhan and Dundsaikhan Mountains of the Gobi Gurvansaikhan National Park,
we conducted 130 independent interviews in total. The age ranges of the interviewees who
participated in the household interviews were 18 to 83. 93 of the interviewees were living in
the area before 1990. Most interviewees were males (n=84, 65%) and most of the
interviewees were herders (n=112, 86%). Overall, we had 72 and 78 detections of the Pallas’s
cat from the past (around 1990) and current periods (around 2018), respectively.

Detection probability was best explained by the model that included number of years residing
in the area and area of coverage as covariates and site use was best explained by the model
that included ruggedness as a covariate (

Table 3, AIC weight=0.997). Detection probability was negatively related to the number of
years residing in the area (B = -0.18 = SE 0.12) and positively related to the area of coverage
by an interviewee (B = 2.3 £ SE 0.17). The probability of site use by the Pallas’s cat was
positively related to ruggedness (B = 1.58 = SE 0.61, Fig. 4). The impact of gender on
detection probability was negligible (B = —0.05+SE 0.18). Our results thus suggest that the
distribution of the Pallas’s cat has decreased in the last 30 years and that the probability of
local extinction was 0.21 and the probability of local colonization was 0.6 between the two
time periods.
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Table 3. Summary of multi-season (past and current) model selection of detection probability
and site use probability by the Pallas’s cat in the Gobi Gurvansaikhan National Park in
southern Mongolia where detection probability and site use probability was modeled in two

steps
AlIC Model No. of -2
AlC DAIC weight Likelihood parameters LogL
Step 1: Modeling detection probability
%(g;eg.), €(.), p(area of coveraget+years 765.52 0 0.3623 1 6 75352
v(.), Y(.), €(.), p(area of coverage) 765.71  0.19 0.3295 0.9094 5 755.71
W(), Y(), &), p(area of coveragetyears 4619 167 01572 04339 7 753.19
in area+gender)
v(.), v(.), &(.), p(years in area+gender) 767.27 175 0.151 0.4169 6 755.27
v(.), v(), €(.), p(.) 1177.58 412.06 0 0 4 1169.58
v(.), v(.), &(.), p(years in area) 1178.35 412.83 0 0 5 1168.35
v(.), v(.), €(.), p(gender) 1179.58 414.06 0 0 5 1169.58
v(.), v(.), &(.), p(gender+years in area) 1180.35 414.83 0 0 6 1168.35
Step 2: Modeling site use
y(ruggedness), v(.), &(.), p(years in
area+area of coverage) 754.07 0 0.9967 1 ! 740.07
v(.), v(), &(), p(years in area+area of 11.45 0.0033  0.0033 6 753.52
coverage) 765.52

The interviewees reported having detected Pallas’s cats in 28 grid cells around 1990, and in
19 sampling units around 2018 resulting in naive occupancy estimates of Psipast = 0.39 and
PSicurrent = 027

a. Pallas’s cat around 1990 b Pallas’s cat around 2018
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Fig. 4. Estimated site use probabilities for the Pallas’s cat in the Zuunsaikhan and Dundsaikhan
Mountains of the Gobi Gurvansaikhan National Park 1980-1990 and 2008-2018 based on the
top model (thin brown lines are elevation contours and the thin black line is the border of the

national park).
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The table also includes differences in AIC (Akaike information criteria) values between each
model and the best fitting model (©1), the model likelihood, and number of model parameters
y Site use probability, y colonization probability, € extinction probability, p detection
probability

Herders generally agreed that there had been an overall habitat change in the Zuunsaikhan and
Dundsaikhan mountains of Gobi Gurvan Saikhan National Park over the past 10 years. Most
of the herders reported that (37%, n = 48) the rate of the drought was increasing and 34% (n =
44) thought that snowfall was lessening. Other changes that several herders (18%, n=23)
reported were a decline in the number of wildlife, an increase in livestock and tourism, and
lastly a lack of vegetation (Table 4).

Table 4. Habitat changes in the Zuunsaikhan and Dundsaikhan mountains over the last 10 years
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DISCUSSION AND CONCLUSION

This study showed that the distribution of the Pallas’s cat in the Gobi Gurvansaikhan National
Park was associated with more rugged areas of this mountain region. The results are similar to
earlier studies that show that the Pallas’s cat generally occurs in fragmented areas and more
disruptive cover, such as rocky areas and ravines, and avoids open areas without suitable
cover (Ross, 2009). The site use was higher in the Bayan Uul, Ulaan Khad, Guriin Tolgoi,
and the Tsagaan Ovoo Mountains where the probability of site use was > 0.80. Site use in the
Shar Sarhia, Bayan Bag, Ikh Khundii, Chuluut, and Kharuut Ovoo, in contrast, was lower (<
0.30). The difference in site use between these geographic areas was explained by the
topography and openness of the areas with the former areas being more rugged and
mountainous than the latter areas. In addition, our study also confirms the occurrence of the
Pallas’s cat distribution in an area that was not part of the known distribution range as shown
in previous Red List assessments (Ross et al., 2020) and showed that the population has been
present there for a long time.

Our results suggest that with a higher probability of local extinction than that of local
colonization, the Pallas’s cat’s distribution in the Zuunsaikhan and Dundsaikhan Mountains
has shrunk by 15% during the last 30 years. Although we do not have information to explain
the causes of this decrease, we suggest that it might be related to increasing livestock numbers
and associated decreases in prey species such as pikas and small rodents. This appears to be a
common conservation challenge for the Pallas’s cat throughout the range (Ross et al., 2019).
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The livestock numbers in the national park increased from 27,500 in 1990 to 76,000 in 2018
(“National Statistical Office of Mongolia,” 2018).

Herders in southern Mongolia move between camp sites less frequently today as compared to
30 years ago and this has likely resulted in increased grazing pressure around herder camps
and watering holes, which, in turn, has affected grassland quality (Pringle & Landsberg,
2004). We suspect the influences of increasing livestock numbers and more sedentary
behavior of the herders may also have negatively impacted pikas and small rodents’
populations in the Gobi Gurvansaikhan National Park.

A further potential threat to the Pallas’s cat is climate change (Barashkova et al., 2019). In the
South Gobi, the annual average temperature has risen by 2.4°, despite an annual precipitation
decline of 20 mm and a sharp rise in the frequency of droughts over the last decade (General
basic report of GZB in Omnogobi province, 2004). Our results suggest that with less snow
fall, and drought are the major habitat changes in the national park, which may be negatively
influencing the prey and shrinking the distribution of the Pallas’s cat.

In summary, our study has shown that the Pallas’s cat is associated with rugged areas and that
the site use of the Pallas’s cat in the Gobi Gurvansaikhan National Park appears to have
decreased during the last 30 years. We assume that this is related to increasing grazing
pressure in the area and potentially other factors such as small mammal control measures. We,
however, recognize that more research is needed to understand these processes and that the
potential impacts of wider socio-economic and cultural factors on the distribution of the
Pallas’s cat need further investigation. Moreover, these results highlight the importance of
monitoring this elusive species to inform local and regional conservation and management
efforts.
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ABSTRACT

Two sites in the Vta¢nik Mts. and two sites in the Cierna hora Mts. were selected in order to
monitor the response of Carabid assemblages to the longtermed climatic fluctuations. One of the
sites in the Vtaénik Mits. is also influenced by the undermining, while one of the sites in the Cierna
hora Mts. is damaged by the heavy metals pollution from the Krompachy smelting plant. The
Carabid assemblages consist of 39 species of differently sized geographic ranges. The size of
geographic range reflects, to certain degree, the ecological tolerance and adaptability of species.
Larger ranges are correlated with higher tolerance and dispersal power and vice versa. Due to, the
assemblages in the undermined site and in the heavy metal polluted site showed a larger proportion
of transpalaearctic and eurosiberian species, while the assemblages in two more natural sites were
dominatated by European and Central European species. This was particularly characteristic for
the assemblage from the forest Za Gocalovou. Because of a relatively low altitude of all sites,
there were missing the Carpathian endemic species, except Pterostichus foveolatus. The
biogeographic criteria have been shown to be a suitable supplementary bioindicative criterion of
environmental changes.

Keywords: Carabid beetles, biogeography, ecological tolerance, climatic changes, undermining,
heavy metals load

INTRODUCTION

The climatic changes and various anthropogenic interventions in ecosystems have potentially
a deep influence on their composition, as well as on the geographic and altitudinal distribution
of plants and animals. The size of areas of geographic distribution of animal and plant species
is a result of complex factors like dispersal power of species, their ability to tolerate or use
conditions in the newly colonized territories ans presence or absence of geographical barriers
(de Latin 1967, Calinescu 1969, Banarescu 1973, Udvardy 1978). In the last decades also the
passive introduction by traffic plays a significant role in spreading of living organisms.

The earlier studies of Carabid assemblages in the strongly anthropogenicaly affected suburban
ecosystem, parks and gardens in big European cities (e.g. Kiel, Warsaw, Madrid, Brno,
Bratislava) have shown that the species having a large area of geographic distribution mostly
predominate in such habitats (e.g. Czechowski 1981, Klausnitzer & Richter 1980, Holecova et
al. 2012, Sustek 1980 and 2012).

There arises the question, whether these rules can be generalized to the differently disturbed
forest stands in free landscape.

The aim of this contribution is an attempt to show how the geographic distribution of the
Carabid species is correlated with their tolerance to various disturbances (changed
hydrological regime due to undermining and heavy metal load) in middle altitudes and how it
can be taken as a supplementary bioindicative criterion for assessment of ecosystem
naturalness or processes of their degradation spontaneous or managed restoration in condition
of the changing climate.

195



Electronic book
Interdisciplinary Approach in Current Hydrological Research

Zemianske
Kostolany

15~ 5y Zemianske
b
Z}\(’
N

v cica-Trubin -

o
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MATERIAL AND METHODS

The Carabids were pitfall-trapped using the plastic jars of 0.5 | with opening of 9 cm and
filled with 4% formol. In each plot (Fig 1 and 2), traps were exposed from late May to early
November and emptied in 1-2-month intervals. In three plots six the traps were installed in a
line in mutual distances of about 5-6 m. But in Dubie near Krompachy, 11 traps were installed
in a line passing through the predominantly grassy and shrubby vegetation in the southern part
of the hill to a closed oak-hornbeam stand on the northern slope The southern part was more
exposed to the earlier heavy metals load. In this study material from all traps was pooled.
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Table 1. Survey of Carabid species occuring in four plots in the Vtaénik Mts. and Cierna hora
Mts. in 2019 - 2021 (C. — Certove chodniky, R. — Ra¢kov laz, and their geographic distribution
(TP —transpalaearctic, ES — Eurosiberian, WP — westpalaearctic, E — European, WE —
Westeuropean, CE — Central European, CA — Carpathic, CM — Circummediterranean)

Species Distribution type
Abax ovalis (Duftschmidt, 1812) EC
Abax paralelopipedus (Piller et Miiterpacher, 1783) E
Abax parallelus (Duftschmidt, 1812) E
Amara bifrons (Gyllenhall, 1810) WP
Amara ingenua (Duftschmidt, 1812) TP
Amara littorea C. G. Thomson, 1857 ES
Aptinus bombarda (llliger, 1800) EC
Calathus fuscipes (Goeze, 1777) WP
Carabus arvensis Herbst, 1784 TP
Carabus auronitens Fabricius, 1792 WE
Carabus convexus Fabricius, 1775 WP
Carabus coriaceus Linnaeus, 1758 E
Carabus hortensisLinnaeus, 1758 E
Carabus intricatus Linnaeus, 1762 E
Carabus linnei Panzer, 1810 EC
Carabus nemoralis D. F. Miiller, 1764 E
Carabus scheidleri Panzer, 1799 EC
Carabus violaceus Linnaeus, 1758 E
Cychrus attenuatus (Fabricius, 1792) EC
Cychrus caraboides (Linnaeus, 1758) EC
Cymindis axilaris (Fabricius, 1794) CM
Cymindis humeralis(Fouecroy, 1785) CM
Harpalus distinguendus (Duftschmidt, 1812) TP
Leistus rufomarginatus (Duftschmidt, 1812) EC
Molops piceus (Panzer, 1793) EC
Nebria brevicollis (Fabricius, 1792) E
Ophonus nitidulis Stephen, 1828 ES
Platynus assimilis (Paykull, 1790) ES
Poecilus cupreus (Linnaeus, 1758) TP
Poecilus virens (G. F. Miiller, 17785) TP
Pterostichus aethiops (Panzer, 1797) E
Pterostichus burmeisteri Heer, 1841 EC
Pterostichus foveolatus (Duftschmidt, 1812) CA
Pterostichus melas (Creutzer, 1799) WP
Pterostichus niger (Schuller, 1783) TP
Pterostichus oblongopunctatus (Fabricius, 1787) TP
Pterostichus unctulatus (Duftschmidt, 1812) EC
Synuchus vivalis (llliger, 1798) TP
Trichotichnus laevicollis (Duftschmidt, 1812) EC

The Carabids were identified using the key by Hurka (1996). Their geographical ranges (Tab.
1) were typified into the following categories arranged decreasingly according to their size:
Transpalaearctic (distributed in the Palaearctis except its southern and northern parts),
Eurosiberian (similar, but reaching just West Siberia), European (almost whole Europe,
except Caucasus and Mediterranean area), West Palaearctic (almost Europe and Northwest
Africa), Central European (limited to the Central European mountain ranges Carpathian
(limited to higher elevation of Carpathians), West European (reaching from France to Central
Europe, inclusively of the Carpathian), Circummediterranean expansive (distributed around
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the major part Mediterranean sea and reaching northerly to Central Europe). The data on
distribution of species were taken from the monographs by Habermann (1968), Turin (1981),
Kryzhanovskij et al. (1995) and Hirka (1996).

Their qualitative representation is expressed by number of species recorded in each site and
year, while quantitative representation is expressed as absolute number of individuals caught
and as percents as cumulative dominance (relative abundance) in percentage of all species
having the same distribution type. The data of their quantitative representation were take from
the earlier paper of the authors (Sustek et al., 2021).

STUDY SITE SPECIFICATION

Two study plots are situated in the northwest part of the Vta¢nik Mts. in the Prievidza district
(Fig. 1). The plot in Rackov laz (619 m a.s.l.) is located in the area affected by deep mining
activities of the brown coal mine Cigel’. Typical damage forms are deep geological cracks and
landslides, which were inducted by the mining activities. These damages caused surface water
and groundwater deficits. In contrast, the plot Certove chodniky (590 m a.s.l.) is situated in
the intact area and simulates natural reference conditions. Both plots are highly afforested
(70%-90%). Prevailing forest types are mixed beech forests on cambisoils.

Two other plots are situated in the southwest parts of the Cierna hora Mts. in the Gelnica
district (Fig. 2). Among them the plot at Dubie near Krompachy (540 m a.s.l.) represents a
highly damaged forest by heavy metal deposition from the smelting work in Krompachy. Its
southern part is discontinuous, consisting of patches of grassy and shrubby vegetation. Its
northern part is almost continuous, consisting of resistant tree species like willows, birches
and Scots pine. The plot Za Gocalovou near Margecany (578 m a.s.l.) represents a reference
continuous European beech forest subjected just indirect to atmospheric depositions of heavy
metals from the Krompachy smelting work. The composition of the Carabid as such in this
site is characterized by a rich species specter and co-occurrence of several species of the
genbus Carabus (Sustek et al., 2021).

RESULTS AND DISCUSSION

In all plots altogether 3,425 individuals of 39 species were collected (Tab. 1). In individual
plots and years, number of individuals fluctuated between 51 and 856 and that of species
fluctuated between 10 and 23.

Among many types of geographical distribution of Carabid beetles (Habermann 1968) only
eight types were recorded in the four studied sites (Tab. 1). Among them the Transpalaearctic,
European and Central European species were present in almost all sites and years (Fig. 3). In
individual sites, these distribution types are represented by 1 - 9 species. The striking
difference in number of Transpalaearctic species is between the site Dubie and other better
preserved sites. Most stable is number of European species and Central European species. The
Eurosiberian and West European species occur approximately in half of sites. The
Circummediteranean species (Cymindis humeralis and Cymindis axilaris) occurred only in
one site (Certove chodniky), similarly as the Carpathian species, Pterostichus foveolatus, only
in Rackov Laz.
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Fig. 3. Numbers of species (S) representing each type of geographic histribution in the sites
Dubie in 2020-2022 (D20-D22), Za Go&alovou in 2019-32002 (G19-G22), Certove chodniky in
2020 and 2022 (€20 and €22) and Ra¢kov Laz in 2020 and 2022 (R20 and R22), for
abbreviations of distribution types see Table 1).

Very large differences were observed in the absolute numbers of individuals belonging to
some of the distribution type (Fig. 4). Two Transpalaearctic species (Pterostichus niger and
P. oblongopunctatus) occurred abundantly in the site Dubie in 2020, but in the 2021 a 2022
their number dropped strongly. In 2022 they absented in Certove chodniky and Rac¢kov laz.
The typical European forest species Abax paralelopipedus and A. parallelus oocured in large
numbers in the most natural site Za Gocalovou in 2019 and 2020, but in 2021 and 2022 their
number considerably declined in this locality. Relatively stable among the localities was
representation of the Central European species (mostly Pterostichus burmeisteri, P.
unctulatus and Cychrus ttenuates), but large differences within one locality were observed
in individual year. Cumulative numbers of individuals of other distriburion types of species
were did not exceed about 10 or they absented at all, especially in the years 2021 and 2022
(Certove chodniky and Rackov laz).

However, these differences reflected the strong between-year fluctuations of species
abundance.
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Fig. 4. Cumulative numbers of individuals (N) representing each type of geographic histribution
in the sites Diibie in 2020-2022 (D20-D22), Za Go&alovou in 2019-32002 (G19-G22), Certove
chodniky in 2020 and 2022 (€20 and €22) and Rackov Laz in 2020 and 2022 (R20 and R22), for
abbreviations of distribution types see Table 1).

While the large fluctuations in absolute cumulative abundance of species belonging to
individual types of distribution (Fig. 4) were observed, the cumulative dominance of species
was balanced (Fig. 5). The Transpalaearctic species occur almost in the same level during
individual years in the sites Dtbie and Za Gocalovou. A similarly balanced representation is
observed also in the European and Central European species, which form the dominant part of
the assemblages investigated. In contrast, the cumulative dominance of species of other types
of geographic distribution is very low.

The relatively balanced cumulative dominance of individual types of geographic distribution
shows that in spite of the between-year fluctuations the proportion of their representation is
stable. Striking differences were observed only in Transpalaearctic species due to invasion of
the hygrophilous lowland species Pterostichus niger, which in last years invades even the
mountain ecosystems in High Tatra.

The high cumulative dominance of Transpalaearctic, European and Central Europeans species
in the studied localities reflects their position in middle altitudes, where the lowland forest
species (Transpalearctic and European) co-occur with the Central European species having
optimum in just in middle altitudes and being less expansive. There are accompanied by a low
number of species having smaller distribution areas (West European, West Palaearctic,
Circummediterranean and Carpathic).
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Fig. 5. Cumulative dominance in %of species representing each type of geographic histribution
in the sites Diibie in 2020-2022 (D20-D22), Za Go&alovou in 2019-32002 (G19-G22), Certove
chodniky in 2020 and 2022 (€20 and €22) and Radkov Laz in 2020 and 2022 (R20 and R22), for
abbreviations of destribution types see Table 1)

CONCLUSIONS

In spite of the fact that two of the studied Carabid assemblages originate from intentionally
chosen disturbed forest ecosystems (Dubie and Certove chodniky), all assemblages studied
show a similar chorological structure that can be considered as characteristic of relatively
natural broadleaved forests in middle altitudes. Three dominant types of geographic
distribution (Transpalaearctic, European and Central European) are accompanied by the types
with much smaller areas. Their representation shows considerable annual fluctuations in
absolute cumulative numbers of individuals, but the relatively representation of individual
types of distribution changes little.

The chorological structure of Carabid assemblages can be considered as a supplementary
bioindicative criterion in the free landscape forests, similarly as in the urban ecosystem.
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ABSTRACT

The article discusses the dynamics of degradation of the glacial basins of the Autonomous
Republic of Abkhazia. Glaciers are present in large numbers in the territory of Abkhazia. Due to
ongoing climate change, the research and monitoring of glaciers are of particular importance, since
changes in the size of glaciers are one of the best natural indicators of climatic conditions. Changes
in glaciers in mountainous areas lead to changes in landscapes, the formation of new lakes and sea
level rise issues of the Black Sea coastline and the activation of destructive natural phenomena.
Up-to-date data on the state of glacial systems are needed to reduce risks and adapt to the
consequences of ongoing changes. Due to the absence of local glaciologists in Abkhazia and
taking into account the current political situation, studying the current state of glaciers in the
Autonomous Republic of Abkhazia is possible only through high-resolution satellite remote
sensing (SRS). The glacial basins’ characteristics (glaciers number, area) representing the initial
state of the 1960’ (field surveys data) and then the years 2010, 2015 and 2020 (the SRS-based
data) are compared. A comparison of the results from the initial state until 2010 with 2010 until
2020 showed that climate change speed is non-linear, making glacial basin degradation more
intense in the following period than in the previous one. This also proves the main thesis of the
IPCC 6th report that the main problem is not climate change, but its speed.

Keywords: climate change, number of glaciers, glaciated area, satellite remote sensing

INTRODUCTION

Glaciers are one of the most sensitive and reliable indicators of climate change. They can be
considered an open database, a natural archive in which the past of the environment is
preserved and the current state is reflected. The above allows for studying the climatic
condition and their evolution in time. Currently, the scientific study of glaciers is of great
importance to study the impact of climate change. The study of glaciers is important for
determining changes in freshwater stored in glaciers and surface and groundwater.

Glaciers are most vulnerable to the effects of ongoing climate change, so their degradation is
a visible reflection of the rate of climate change. Ongoing climate change is adversely
affecting the cryosphere, especially glaciers (IPCC Technical Paper 2008; IPCC Special
Report, 2018). This will have dire consequences for the world by landscape degradation,
reduced glacial runoff, and an increase in the frequency and magnitude of natural glaciation
events. These consequences pose a serious threat to the sustainable development of the region
and hence, the glacier study is considered one of the priority activities.

Glaciers are present in large numbers in Georgia, namely in the Autonomous Republic of
Abkhazia. They have a significant impact on the environment there. In particular, they greatly
affect the water regime of rivers, regional climatic conditions, degradation of unique
landscapes, and sea level rise issues of the Black Sea coastline.
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Due to the absence of local glaciologists and taking into account the current political situation,
studying the current state of glaciers in the Autonomous Republic of Abkhazia is only
possible through high-resolution satellite remote sensing.

The impact of current climate change on glaciers and its consequences can be researched in
several ways. One of the important issues to do this is to study the degradation dynamics of
the glaciers which is possible by comparing the data from different years over a longer period.

METHODS AND DATA

The highest glaciers in Europe are well-developed in the Great Caucasus Range in the
northern part of Georgia. Scientific studies of glaciers in Georgia began in 1860 in the former
Russian Empire (Khatisyan, 1864, Statkovsky 1866, Abikh, 1870, Podozersky, 1911) and
continued throughout the 70ies in the Soviet Union (Maruashvili, 1936,1956; Tsomaia and
Drobishev, 1970; Tsomaia, 1975), were mainly based on field glaciological surveys. The
results of a 100-year study of glaciers located on the territory of Georgia were summarized
and published in 1975 in the form of the catalogue (Katalog Lednikov SSSR, 1975,
hereinafter, the Catalogue). Glaciers of the Autonomous Republic of Abkhazia are included
there as part of West Georgia’s glaciers (Katalog Lednikov SSSR, 1975). Due to the
importance of the Catalogue, the World Glaciers Inventarization (WGI) includes its formatted
digital version (WGMS and NSIDC World glacier inventory, 1989).

The study area is located in the Autonomous Republic of Abkhaz and contains glaciated
basins of rivers Bzipi, Kelasuri, and Kodori. The basins are in the north-western part of the
Greater Caucasus, where the altitude of the highest peaks reaches 3500 m a. s. |. and more.
The Catalogue registers 136 glaciers in Abkhazia and provides their main characteristics
(morphological type, exposure, length, area, minimum and maximum height, firn line height
and area of ablation).

At present, the contours, areas and other characteristics of glaciers have changed significantly
due to their retreat and melting.

The Catalogue was created 60 years ago while the study of glaciers with satellite observations
of the Earth started only a few decades ago. This difference in time creates a prerequisite for
studying the evolution of glaciers and the effects of climate change on the state of glaciers.
We compare selected characteristics of the glaciers, namely the number of glaciers and their
areas, taken from the Catalogue and derived from SRS for the years 2010, 2015 and 2020.
The data derived from SRS are denoted as SRS 1 (the year 2010), SRS 2 (the year 2015) and
SRS 3 (the year 2020).

The use of high-resolution satellite remote sensing (SRS) makes it possible to study glaciers
over large areas with the necessary resolution and accuracy in conditions of limited material,
human resources and time. The reliability and high quality of the results are achieved by the
combination of satellite remote sensing data, historical data, various catalogue data, and
expert knowledge.

Previous studies proved the efficiency of technological approaches for scientific studies of
glacier degradation as best practices (A. Kééb et. al., 2002; Khalsa et. al., 2004; Bolch, Kamp,
2005; Pellika, P., Gareth Rees, W. 2010), as well as the methods developed by the authors
(Kordzakhia et. al., 2019; Kordzakhia et. al., 2022) are used.

Various high-resolution satellites images were used for research, in particular, data obtained
by Landsat satellites (resolution 15-30 m), data from open sources of satellite databases of the
National Aeronautics and Space Administration (NASA) of the USA and Global Land Ice
Project "Measurements from Space™ (GLIMS). Satellite data processing is carried out using
various GIS applications. Effective software is Google Earth, which offers satellite images of
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high spatial resolution (0.5-0.8 m). All of the above makes it possible to determine the
contours of glaciers with good accuracy.

The necessity of using various sources of SRS data as well as catalogue information resulted
in some problems:

The first one is the identification of glaciers, mostly small ones, in the SRS imagery.

To determine the location of glaciers of the Autonomous Republic of Abkhazia on satellite
images, i.e. to identify them, maps/diagrams (Figs. 1,2) available in the Catalogue are used.

This makes it possible with a high degree of reliability to determine the locations of glaciers
in the study area.

£, 3029

2. Jombad -Yavzen
2. W xanusza

»
[ R

Fig. 1. The layout scheme of the glaciation basins of the rivers Bzibi, Kelasuri and
Kodori-Amtkeli, Chkhalti basins locations. 1 — watersheds, 2 — ice sheds, 3 — peaks, 4 — rivers, 5
— glaciers with their number.
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Fig. 2. Layout scheme of glaciers in the upper reaches of the River Kodori River and
corresponding river basins. 1 — watersheds, 2 — ice sheds, 3 — peaks, 4 — rivers, 5 — glaciers with
their number.

The second problem is inaccuracies in determining the initial state of glaciers, mainly the
areas of small glaciers in the catalogue. The solution to this issue was found in the refinement
of data on the area of glaciers according to topographic maps of the 1960s. The solution
turned out to be effective and made it possible to clarify the initial states of the glacier area
with high reliability.

The third problem, the most difficult one, is related to the use of archival data. It appeared
when the contours of some glaciers were used in the SRS data, namely from the open sources
of satellite databases of NASA and GLIMS. Significant inaccuracies and gaps, especially in
the vicinity of neighbouring glaciers were found. A lot of analytical work had to be carried
out to clarify glaciers' contours.

RESULTS AND DISCUSSION

The results are summarised in Table 2 and document an increase in the number of glaciers
caused by the division of medium and large glaciers into smaller ones and the decrease in
glaciers area. Fig. 3 presents a striking example of the melting of Abkhazian glaciers
Nel117-120 Green pins indicate glaciers, yellow pins show snowfields (area < 0.1 km2) and
red pins — fully melted glaciers.
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Fig. 3. The glaciers Ne117—120 are shown on satellite images at subsequent times: a - contours
according to the image of the Landsat 7 ETM+ sensor on August 23, 2010, and the combined
Landsat 5 TM sensor on August 30, b - contours according to the image of the Landsat 7 ETM+
sensor on September 6, 2015, ¢ - contours according to the image of the Landsat 8 OLI sensor on
September 11, 2020. Green pins indicate glaciers, yellow pins - snowfields (area < 0.1 km?) red
pins — fully melted glaciers.

Based on the processing of the images (Fig.3) we received Table 1 indicating the values of the
areas of glaciers Nel117 - 120 according to the catalogue, SRS 1, SRS 2 and SRS 3.
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Table 1. Identification codes of glaciers Ne117—-120 of the Kodori river basin, area values
according to the catalogue, SRS 1, SRS 2 and SRS 3. Small glaciers are marked in green,
medium - in grey, large glaciers - in blue, snowfields - in yellow and disappeared glaciers in red

Ne Name or/and Ne Area (km?)
According to| of the glacier ID According to SRS 1 SRS 2 SRS 3
the scheme | according to the | According to | the catalogue
from the catalogue WGI
catalogue
0.1 0.1
03 0.02 0.01
0.03 0.01
0,2 0.01 0.01
0.01 0.01
0.05 0.01
117 119b SU5T09104117 13 0.2 0.02
0.1
0,04
0,04
0,03
0,03
0,02
0,01
1.8
118 Sakeni, 120a | SU5T09104118 2.8 2.2 2.0 0.04
0.02
119 120b SU5T09104119 0.6 0.4 0.4 0.3
120 120c SU5T09104120 0.6 0.3 0.3 0.3

It would be mentioned that depending on the area, glaciers are divided into three grades: small
glaciers (0.1 to 0.5 km?), medium glaciers (0.5 to 2.0 km?), and large glaciers (2.0 km? and
more). Glacial formations of less than 0.1 km? are considered snowfields.

Summarizing the data from Table 1 we can create Table 2 presenting the distribution of the
area and number of glaciers of the Autonomous Republic of Abkhazias’ glacial basins.

As mentioned above the data received from the SRS (SRS 1, SRS 2 and SRS 3) were
compared with each other and the initial data. The time gaps between the initial, intermediate
(2 states) and final states are accordingly about 50, 55 and 60 years. Thus, the dynamics of
changes in the areas of glaciers included in glacial basins will be presented based on three
time periods, which effectively characterize the details of glacier degradation dynamics
(Table 2). Changes in the number of glaciers are not very representative, but generally
indicate the trend of glacier degradation. So, the according to the catalogue, the number of
glaciers in Abkhazia was 136. In about 50 years (by 2010), the total number of glaciers
became 164, which means that the number of glaciers increased by 20.6%. This increase
occurred after the melting of large and especially medium glaciers causes the creation of
additional small glaciers to existing ones. This increase occurred at the expense of an
increase in the number of small glaciers. The number of medium and large glaciers has
decreased.

By 2015, the number of glaciers has become 135 or decreased by 18 % in 5 years. By 2020,
the number of glaciers has become 121, which means that in another 5 years it has decreased
by 10 %. Compared to catalogue data, the number of glaciers decreased by 15 or 11 % by
2020.
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Table 2. Distribution of the area and number of glaciers of the Autonomous Republic of

Abkhazias’ glacial basins according to the gradation. The data from the catalogue (cat.), SRS
data - SRS 1, SRS 2 and SRS 3 data

Autonomous Republic of Abkhazias’ glaciers
Glacial Basins Glacial number Glacial area (km?)
Ne g& Tiifr}gg Gradation: | Cat. SFfS SFZQS SI;S Cat. STS SF;S SF;S
Bzibi Small 8 12 9 9 23 | 25 2,3 1,8
] 1-13 Medium 5 3 1 1 48 | 24 0,8 0,8
Large 0 0 0 0 0 0 0 0
Subtotal 13 15 10 10 71 | 49 3,1 2,6
Kelasuri Small 2 1 0 0 0,7 1 01 0 0
9 14-16 Medium 1 1 1 1 0,8 | 08 0,7 0,6
Large 0 0 0 0 0 0 0 0
Subtotal 3 2 1 1 15| 09 0,7 0,6
Kodori Small 78 | 122 | 105 96 | 21,4 24,0 | 20,3 | 18,0
17-136 Medium 38 22 17 12 | 379|185 | 16,1 | 11
3 Large 4 3 2 2 116 | 7,9 5,6 51
Subtotal 120 | 147 | 124 | 110 [ 70,9 | 50,4 | 42 | 34,1
4 Total 136 | 164 | 135 | 121 | 79,5 56,2 | 45,8 | 37,3

The impact of climate change on the glaciers number of glaciers in the Autonomous Republic
of Abkhazia is reflected in the increase in the number of small glaciers, the decrease in the
number of medium glaciers from 38 to 12, and the decrease in the number of large glaciers
from 4 to 2 due to the degradation of glaciers.

More important is the analysis of glaciers area in these periods. Areas covered by glaciers
during 50 years (by 2010) decreased by 29 %, after 5 years (by 2015) the decrease was equal
to 19 %, and after another 5 years (by 2020), it decreased by 19 %. Compared to the catalogue
data, the area of glaciers decreased during 55 years (until 2015) by 42.4%, and during 60
years (until 2020) by 53.1%. It can be concluded that the area occupied by glaciers on the
territory of the Autonomous Republic of Abkhazia territory is less than half compared to the
area 60 years ago.

CONCLUSIONS

Up-to-date data on the state of glacial systems are needed to reduce risks and adapt to the
consequences of ongoing changes. Due to the absence of a local glaciological school in
Abkhazia and taking into account the current political situation, studying the current state of
glaciers in the Autonomous Republic of Abkhazia is carried out by high-resolution SRS.

Processing of the satellite images, using several data archives and the QA/QC procedures
gave the possibility to receive the dynamic picture of the degradation of the Autonomous
Republic of Abkhazias’ glacial basins for 60 years from the issue of the initial conditions of
these glacial basins (catalogue data).

The impact of climate change on the glaciers number of glaciers in the Autonomous Republic
of Abkhazia is reflected in the increase in the number of small glaciers, the decrease in the
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number of medium glaciers and the decrease in the number of large glaciers due to the
degradation of glaciers.

The analysis of glacier areas showed that the area occupied by glaciers on the territory of the
Autonomous Republic of Abkhazia territory is less than half compared to the area 60 years
ago.

The reduction speed of glacier areas shows that during 50 years (1950-2010) this speed makes
0.6 % annually while during the second period (2010-2020) this decrease is 3.7 % annually.

These numbers clearly show that the glaciers’ areas decrease is more intensive in the second
period i.e. glacial basin degradation is nonlinear.
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ABSTRACT

In the study we evaluate the planning documents the city of Debrecen for the period 2014-2020
and the development projects implemented in the city by their landscape-shaping properties. Its
aim is to reveal what role the natural environment plays in Debrecen's strategic documents and
what priorities and characteristics of green space consumption the development projects have.
These are realized through statistical content analysis and the classification and analysis of
projects. The precise area occupation illustrated according to the landscape character and the
mathematical results of the content analysis serve to verify the assumption that the strategic
documents, and thus the developments realized in the city area, treated the natural and landscape
environment as an asset to be utilized and shaped during the examined period.

Keywords: landscape use, EU projects, green infrastructure, natural environment, climate change

INTRODUCTION

One of the most important points of connection between society and nature is the permanent
place of residence created by man, i.e. settlements, where his environmental and landscape-
shaping activity grows from an individual level to a global factor through social organization.
The study belongs to a little-studied area of settlement development in Hungary.

The settlement environment is a frontier area both geographically and scientifically, and from
the point of view of nature conservation, it is one of the most significant elements of social
geography, the knowledge of which is essential for effective nature and landscape protection,
especially in the production- and growth-oriented economic and social system of the 20th
century. City of Debrecen is the settlement that, with its long-term goals, aims to be the
economic, social and cultural motor and center region of the eastern part of the country and
the Carpathian Basin as a counterweight to Budapest. Strategic planning, as a means of
establishing the settlement's seven-year development activities, is especially exposed to
economic development interests and long-term visions of settlement marketing in the
investigated settlement. Among the methodologies used to find this, the unique statistical
content analysis related to the analysis of the projects and the classification and statistical
evaluation of the realized projects appear in a system of criteria. In this way, not only the
strategic landscape use of Debrecen and the independent evaluation of realized projects, but
also the exploration of the system of relationships between them is realized. With strategy and
project analysis based on aspects of the natural and landscape environment, settlement and
area development from an ecological perspective can be placed in a nature conservation
framework, as human ecology and the area of settlement geography closest to the natural
environment. (Orosz et al., 2019) examined the specific implemented projects of EU
development cycles at the regional level to see how they relate to the natural features of the
region. As the first step of the work, the projects were examined based on two aspects: 1.
Projects supporting and protecting natural capital, 2. Projects based on and exploiting natural
capital. Projects that support and protect natural capital strengthen the regulatory and
maintenance function of ecosystem services, while projects based on and exploiting natural
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capital make use of the supply and cultural services of ecosystem services. The distribution of
selected projects and the amount of resources used were proportional to all projects and
resources. They then drew conclusions from this. In an other publication (Orosz et al., 2018)
examinened civil organisatons projects with the same method focusing on the role of these
NGOs in small regional developement.

The involvement of the natural environment constitutes a significant and essential issue when
looking at the development of Debrecen. Changes in landscape use are also a significant
factor in terms of the effects of climate change. With the increase in the extent of the artificial
surfaces, the increase in the average temperature and the decrease in the amount of
precipitation can prevail as a stronger effect on the settlement. Based on the ALADIN-
Climate climate model (Internet 1), precipitation in the Debrecen area is expected to decrease
by 25-50 mm compared to the 1961-1990 average. And the average temperature will be 1.5-2
°C higher.

METHODS AND DATA

We examined Debrecen's landscape use trends with a complex evaluation, which starts with
the evaluation of strategic documents, because these are the ones that provide a framework for
development projects that directly shape the settlement environment. Our aim was to reveal
the emphasis placed on the parts and elements relating to the natural and landscape
environment, as well as what priorities and ideas they contain regarding the future vision of
the city. We evaluated the strategies according to four economic and natural aspects on a five-
point scale, based on the depth, scope and weight of the document. By averaging these data,
we obtained a set of values, which interpretation ranges represented the distribution between
the aspects. In the first part of the investigation of the development projects, the trends
underlying the changes in the surface cover can be shown in a detailed breakdown, while in
the second part we specifically limited ourselves to the occupation of land and the
transformation of the landscape. The examination of the development documentation was
carried out using the methods of content analysis, supplemented by statistical analysis.
Regardless of the systematization of the extracted information and the drawing of
conclusions, content analysis is a research method in which the "hidden" information material
in the text is read according to a predetermined system of criteria, thereby scientifically
verifying the practical interpretation of the text material (Antal, 1976.). Since the methods for
analyzing the form and content of the texts can be freely interpreted rather than having to be
implemented according to a fixed form and set of rules, during the investigation we tried to
use these methods in the proportion that best suits the topic of the research. The method we
have created contains both an exploratory and inferential part of the work, so it can be
considered a qualitative research method due to the classification based on quality, while the
data processing with statistics and the quantifiable nature of the number of words and the
scope can also be considered a quantitative research method. In this, we relied on the scope of
individual subsections and chapter sections relative to each other and to the entire document,
the frequency of individual terms and their synonyms, as well as the detailed explanation of
the various subject areas, and we used this in such a way that the table created from the results
of the text analytics was created using statistical methodology (calculating the average and the
average of the average) added.

With the help of content analysis and statistical analysis, the previously established
orientation was also mathematically supported. The projects required for the analysis were
retrieved from the “Térképtér” official database of completed projects, in accordance with the
development documents, filtered for the European Union budget cycle between 2014 and
2020 (Internet 2). In the course of the research, the queried projects were first divided into
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groups of aspects and characteristics, the involvement of the natural environment, the legal
form of the supported person, and the place of implementation were examined basically
according to the number of projects and the amount of support.

Table 1. Process of the first round of project analysis

data collection from “Térképtér”
projects implemented in Debrecen in the
period 2014-2020
projects relevant to the natural environment
Projects using nature health industry, availability improvement,
(negative impact) industrial capacity expansion, other

water management, horticulture, animal
Projects based on nature husbandry, other crop production, tourism,
(use ecosystem-services)  greening of interior areas, soil conservation,

forest management

natural  disadvantage affected areas,
Projects protecting nature  afforestation, climate protection, gene
preservation
Natural involvement: Direct / Indirect
Location: Outdoor area (natural?) / Indoor
area (inhabited?)
Supported: Legal entity / Individual

Filtering

Division

After the location-based query of the projects, temporal filtering followed, so the analysis also
includes those grants that were awarded before 2014, but were already implemented in the
period under review. We also screened those that, were called to Debrecen through the aided
person, but did not actually take place within the city's administrative area. From the total of
6,378 projects queried, after the preliminary screenings, 640 projects that could also be
evaluated from the point of view of the natural environment were further examined.
After that, we created three criteria groups (Orosz, 2020) from the point of view of the natural
environment:

- projects using nature

- projects based on nature

- projects protecting nature
Within these, we created character groups based on the names and descriptions of the
projects. The data grouped in this way were evaluated in terms of direct and indirect
involvement in terms of the natural environment based on the place of implementation and the
legal form of the supported person. In terms of location, in the case of those carried out in the
outer area, it was shown how many and with what support they were carried out in natural
areas, and in built-up areas in the interior. These data were used to filter the projects that we
later dealt with specifically in terms of landscape involvement through the grouping and
statistical illustration of the data (Table 2).
In the second stage of the analysis, we further evaluated the projects that are directly involved
with the natural environment, that make use of it, and are based on its resources. Among
these, those that took place outside areas and in uninhabited inside areas. Due to the
demonstrability and map illustration of the territory reservation, several aspects were applied.
Thus, from the point of view of landscape use, a total of 38 projects with demonstrable land
use, precisely demarcated on site, green fields, and a grant amount of over HUF fifty million
form the basis of the report. First of all, we examined whether the implementation of the
investment was accompanied by a change in the cultivation branch and surface coverage.
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Table 2. Process of landscape use project analysis

Projects that use and are based on the natural environment

Direct involvement
Valuable land reservation
Green field investment
Funding amount over HUF 50 million
Precisely identifiable location
Non-inhabited inner area | Outer area

Definition of land use classes (Table 3)
Did the cultivation branch changed?

Yes No
Before the change
After the change

Land use in m?
<1500 ‘ 1500 — 5000 ‘ 5000<

If the implementation was accompanied by a change in the field of cultivation, we examined
what field of cultivation the area was in before and after the change. If there was no change in
land cover, we examined what the cultivation branch was like at the time of implementation,
and most importantly, what the real function of the area was before implementation. This
helped us when typing the exact area reservation. At the same time, the area of Debrecen was
divided into use-based landscape categories, which are necessary for the map illustration of
the projects. They were demarcated on the basis of their surface coverage, with the combined
evaluation of MePAR and Google Earth overlays. (Internet 3; Internet 4) The exact area
reservation was demonstrated through project descriptions and map measurements.

Table 3. Landscape use categories specified for the sample area

Class Name Property
Practical function: primarily the preservation of the
1. Nature conservation natural environment, protective area, the role of the
buffer zone.
Il. With arable land Fields of homogeneous, intensive field cultures

Forest management, mosaic animal husbandry,
garden management, plantations.

Partially residential function, gardening, animal
Iv. Enclosed garden husbandry

1. Forest roast mixed

Non-inhabited industrial investment target area

V. Industrial (inner area) surrounded by a residential area

RESULTS AND DISCUSSION

In relation to the content analysis, it can be said that the most significant documents, and the
ones that most determine the vision of the settlement, can without exception be classified into
the economic and social approach group. Debrecen's Local Community Development
Strategy 2014-2020 has achieved a more natural orientation, but it is also typical that it deals
with the natural environment from a human approach and objective examination, rather than
from the point of view of nature and landscape protection. The red line indicates the
equilibrium zero value between the emphasis of natural and economic aspects. It can be seen
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that in the documents defining the development direction, the development of the economy
(mostly the health industry, machinery industry, agricultural and research development fields)
is considered important not only during the definition of the future visions, but also during the
approach of the entire document. The distribution between the two groups of views is
illustrated by the scatter diagram in Figure 1.

4y

. ITS 35
Q
=
<
>
= o o 3
S ITSKV TGH
o0
5 o 2,5
2 KFS
—c @
= SECAP .
.=
=
@)
g
Q 1I5
M
X < 1

-3,5 -3 2,5 B -1,5 A

Natural aspect groupe values
Fig. 1. Scatter plot of analyzed documents.

During the examination of the projects, it was revealed that the number of projects and the
amount of support per project show an inverse proportionality, which became visible not only
among characteristic groups, but also among the larger criteria groups, as shown by the pair of
diagrams in Figure 2, on the basis of which it can be stated that the largest support projects
that make use of the natural environment have the highest amount, while they are only second
in terms of number. The biggest contrast can be observed in projects supporting the natural
environment. At the same time, direct proportionality can be observed when examining the
nature of the beneficiaries. The larger the grant amount per project within the criteria group,
the larger the proportion of legal entities. According to their place of implementation, the
projects that took advantage of the natural environment affected the interior areas, only an
extremely small number, showing a value of barely 1-2%, were implemented outside. This
can be explained by the fact that the areas designated as action areas, on which these projects
were implemented, are usually classified as internal areas, but mainly reclaimed areas and
industrial plots that perform natural functions.
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Distribution of the number The distribution of the support
of examined projects amounts of the examined projects

Projects using
the natural environment

m Projects based on ‘

the natural environment

- Projects suppor.ung 61, 22%
the natural environment

24,84%

Fig. 2. The distribution of the projects of the examined criteria groups according to the number
of units and the amount of support.

Among the developments, investments related to industrial capacity expansion and logistics
developments achieved an outstanding value, accounting for 77.5% of the total amount within
the entire criterion group. Projects based on natural resources show a more diverse picture.
Here, only tourism and greening programs are implemented in the interior area of the city. At
the same time, these represent the highest values according to the investment amount. The rest
of the projects were mainly implemented in the outskirts, which can be explained by the
agricultural nature. It should be emphasized that the developments related to the improvement
of water management were mostly realized in the outskirts, on the edges of the industrial
areas. The landscape use analysis revealed that in the mentioned period, Debrecen lost about
33.66 ha of natural functional area. This data does not include investments that do not receive
European Union support, but at the same time have multiples of this value in themselves.
Figure 3 illustrates the functional distribution of the areas directly affected by the
developments. The change in the cultivation branch was typical in the case of outer areas and
forest areas, mainly due to road construction, tourism investment and logistics activities.
Figure 4 shows the realization of the projects divided into three categories based on square
meter land use on a map with landscape use classes. It is obvious that the reservation of green
space affected by the investments mainly affects the agricultural landscape areas of the
western industrial park, including the newly built southern part of it. The intensive expansion
of the industrial areas wedged in from the southeast is also significant, which is growing in
the direction of the closed garden areas of the suburbs. In the Nagyerdd, interventions
(Internet 5) related to tourism and healthcare resulted in the occupation of land and appeared
as a landscape-transforming element. (Orosz, 2020) examined the development projects of
Hungary's areas with high natural capital using the same method. As a result, he found that
4.3% of EU development projects implemented between 2007-2013 support the local natural
environment and 1.5% are based on the use of ecosystem services provided by the local
natural environment. Debrecen was not included in the investigated areas.
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Fig. 3. The extent of the land occupation is according to the territorial functions before the
implementation of the developments.
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Fig. 4. Map illustration of realized projects.

CONCLUSIONS

In order to slow down the observed trends and reduce the effects of climate change, it can be
recommended to rehabilitate the already existing green areas in the interior, especially their
afforestation. It is important that the created green spaces are not isolated from each other, but
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participate in the urban fabric as a connected network, whose maintenance and continuous
upkeep is also an essential element. This is also served by the mosaic spatial structure, as the
achievement of an optimal settlement image target state. It is highly recommended to convert
the existing covered areas into natural cover where the use of the area does not necessarily
justify the use of the cover. It is also necessary to continuously ensure the permanent
vegetation cover and management of uninhabited fallow areas, lawns and shrubs, which
strengthens the role of the buffer zone. All of this directly serves the local mitigation of the
effects of climate change. It is necessary that the included green infrastructure elements
maintain their ecological relations with the external areas of the settlement (INNOVA, 2014).
These reduce the potential location and inclusion of the settlement's green surfaces, border
vegetation, cemeteries and fragmented areas with less natural cover, and their involvement in
the ecological relationship system, thereby increasing the complexity and resilience of the
settlement's green infrastructure. In relation to economic priorities, observing the trends, it
may be justified to slow down the declaration as inland areas, and to widen the economic
development action areas in the direction of brownfield areas. A change in the direction of the
proposals and the demonstrated trends is only possible if the natural environment appears
more effectively, with a greater emphasis and specifically from a nature conservation point of
view, in settlement development strategies and planning documents.
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ABSTRACT

The occurrence of summer, but especially tropical days, acquires importance especially in the
context of climate change and its effects on humans. Not only is the number of these days
increasing, but more significantly, the series of consecutive high temperature days is also
increasing. More often, not only station but also national air temperature records are broken. In
this contribution, we have processed both the number and the period of summer and tropical days
with regard to the character of the territory of Slovakia. We have selected meteorological stations
with continuous observation since at least 1951, respectively one station since 1901. There have
also been early onsets of summer days in the past, but their duration of consecutive days did not
last long. Tropical days occurred even less often. The task was to find out whether the beginnings
of these days occur more often now than in the past, and whether series of consecutive days are
more frequent. We have highlighted the periods with the longest periods, which, however, do not
always have to correspond with the number of such days in a given month or season. The
importance of the occurrence of periods with high air temperatures in connection with periods
without precipitation causes the drying effect of the land, which results in losses in the harvest as
well as the forest ecosystem.

Keywords: summer, tropical days, climate change, consecutive days

INTRODUCTION

The average temperatures in Europe this summer were the highest on record. The extreme
heat also led to increased drought risks. August 2022 was generally much drier than average
in much of western and parts of east Europe. In fact, many parts of Europe have seen below
average precipitation for several years in a row now. The summer of 2022 was the warmest in
Slovakia since at least 1931 with a temperature deviation of +3.1 °C from the average of
1931-1960, +3.6 °C from 1951 - 1980, +3.7 °C from 1961-1990, +2.6 °C from 1981 - 2010,
or +1.9 °C from 1991 - 2020. Individual months were quite warm. June was the third warmest
with a deviation of +2.3 °C from the temperature values of 1991 - 2020, next month July was
seventh with a deviation of +1.3 °C and August as third with a deviation of +2.0 °C at least
since 1931. If we were to compare with previous periods, the deviations would be even more
significant in positive numbers. Drought has threatened much of Europe - the summer of 2022
is likely to be the "worst in 500 years", according to a recent assessment by the European
Commission's Joint Research Centre. Since both drought and long periods with high
temperatures affect people, their activities and crops, we decided to process periods of
consecutive summer and tropical days. Climatic conditions, including summer and tropical
days, were processed in various older studies (Petrovi¢, 1968; Petrovic, 1972; Petrovic, 1966;
Petrovic, 1960; Koncek, 1979).

METHODS

Summer and tropical temperatures were the basis for processing. In climatology, we consider
a summer day to be a day when the maximum temperature during the day rose to at least
25 °C. The same applies to a tropical day. This means that a tropical day is a day when the
maximum air temperature rose to at least 30 °C during the day. The territory of Slovakia is
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very fragmented, it contains lowlands, valleys, hills and mountains. All this affects the
occurrence of characteristic days such as summer, tropical, but also others, e.g. icy, frosty, or
days with a tropical night. In order to cover the territory of Slovakia and show the differences
in the occurrence of summer and tropical days, we have selected meteorological stations of
professional importance with a continuous series of observations since at least 1951 (Fig. 1).
To illustrate and emphasize climate change, we have highlighted one of the named stations
with its historical data since 1901. This is the meteorological station Hurbanovo, included in
the protected international meteorological network of stations with great importance. To
clarify the behavior of the time series of individual stations, we constructed graphs of monthly
values together with decadal averages. We also calculated differences between individual
decades. Individual heat waves cause problems for humans and animals, and as long as they
do not last long, they can be avoided by using air conditioning, drinking water, etc. Stable
weather in summer brings with it longer periods of warm (summer or even tropical) days.
Sometimes there are periods of summer, lasting quite a long time, but nevertheless there are
no consecutive tropical days of longer duration. Conversely, shorter periods of summer and
tropical days sometimes occur simultaneously. Since this has not been considered so far, we
decided to process the occurrence of periods of summer and tropical days and point out their
occurrence in a time series at individual meteorological stations in each year. Such a detailed
graphic representation will provide quick and clear information about the character of the
summer and the statistics, in turn, their significance from the point of view of occurrence,
respectively duration. In the statistical processing and evaluation of the observed material, we
mainly focused on the number of days with characteristic temperatures and subsequently their
occurrence in comparison with the average occurrence of such days during the year
(especially the summer half-year). It was the average cumulative frequency of the given year
compared with the cumulative average frequency for the period 1991 - 2020. This showed us
in which temperature stage the given summer half-year occurs. But, what was most significant
from a historical point of view was that we found periods of consecutive summer and tropical
days for each year, and from these we determined the longest periods of consecutive summer
and tropical days. Thus, in connection with other meteorological (climatological)
characteristics of the given period, we can better define the climate of this period, as well as
the causes that caused it or the consequences resulting from it. For example, in agriculture,
water management, forestry, transport or in impact on the human organism.

RESULTS

For an objective assessment of the occurrence of summer and tropical days, we selected for
processing meteorological (climatological) stations with continuous observation since at least
1951 (Fig. 1). At the same time, we took into account the coverage of the territory of Slovakia
in order to highlight the differences in their occurrence in different parts and altitudes of
Slovakia.

221



Electronic book
Interdisciplinary Approach in Current Hydrological Research

Climatological station network for evaluation of summer and tropical days in Slovakia since 1951 (1901).
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Fig. 1. Station network for evaluation of summer and tropical days in Slovakia since 1951 (1991).

We tried to simplify the increase with decadal averages, which show continuous growth at all
stations. We expressed the inter-decadal increase in Table 1. We found some illogical
differences during processing in the initial decades (Bol’kovce, moved from Luéenec) as well
as in Bratislava. Nevertheless, after 1981, the differences between decades are positive for all
stations. If we were to generalize it to the entire territory of Slovakia, we recorded the greatest
rise between the decades 2011 - 2020 and 2001 - 2010. With the exception of the colder
(higher-lying) areas of northern and central Slovakia, the differences between the last two
decades reached a double-digit number (up to 15 days at the airport in Bratislava). It could
also become a growing urban heat island. For example, in Hurbanovo (understood as a rural
station) there was an increase of up to 11 days. The same was true in the eastern part of
Slovakia in Kamenica nad Cirochou. Due to the lower frequency of tropical days compared to
summer days, the magnitude of the change in the number of tropical days between decades is
not that great. Considering the fact that the occurrence of a summer day may not result in the
occurrence of a tropical day, the trends between decades may not have the same character.
This means, for example, that with a positive change between decades in summer days, there
may be a case of a negative tendency in tropical days (Table 2). In climatology, we use
climatological standards (normal values) to express the climate. They are average (but also
extreme) values of various meteorological elements and their characteristics for periods
lasting 30 years. For the above stations, we therefore calculated normal values for summer
and tropical days and compared the periods 1961 - 1990 and 1991 - 2020.
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Table 1. Decade differences of summer days at selected meteorological stations
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Table 2. Decade differences of tropical days at selected meteorological stations.
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The comparison normal values express the climate change at the given station (Fig. 2 and Fig.
3). Absolute anomalies in the difference between the summer days of the normal values of the
periods 1991-2020 and 1961-1990 (Mikulova et al., 2015) are observed in the summer
months (Fig. 4) with the largest positive increase in August (on average +5 days), while the
highest changes occurred in central and the largest in eastern Slovakia (especially in the
extreme southeast, 6 - 7 days). We observe absolute anomalies in the difference of tropical
days from the normal values of the periods 1991 - 2020 and 1961 - 1990 in the summer
months with the largest positive increase in July (on average +4.3 days), especially in western
Slovakia and central Slovakia (Fig. 5). On the contrary, in central and eastern Slovakia we
observe larger increases in August (in the northern districts) +1.4 - 1.9 days and in the east

+4.1 - 4.7 days.
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Fig. 2. Time series of summer days and decade averages.

224



Electronic book
Interdisciplinary Approach in Current Hydrological Research

Bratislava, Koliba

60
% 40
= 20
0
1951 1961 1971 1981 1991 2001 2011 2021
Year
Piestany
60
g_ 40
= 20
0
1951 1961 1971 1981 1991 2001 2011 2021
Year
Oravska Lesna
20
=
Z 10
=
0
1951 1961 1971 1981 1991 2001 2011 2021
Year
Bolkovce
60
% 40
= 20
0
1951 1961 1971 1981 1991 2001 2011 2021
Year
Telgart
5
Eg 4
= 2
0
1951 1961 1971 1981 1991 2001 2011 2021
Year
Kamenica nad Cirochou
60
g_ 40
= 20
0

1951 1961 1971 1981 1991 2001 2011 2021

Year

Bratislava, letisko

60
% 40
=, 20
0
1951 1961 1971 1981 1991 2001 2011 2021
Year
Hurbanovo
100
=
Z 50
=
0
1951 1961 1971 1981 1991 2001 2011 2021
Year
Shac
60
g_ 40
=, 20
0
1951 1961 1971 1981 1991 2001 2011 2021
Year
Poprad
30
% 20
=, 10
0
1951 1961 1971 1981 1991 2001 2011 2021
Year
Kosice, arport
60
% 40
=, 20
0
1951 1961 1971 1981 1991 2001 2011 2021
Year
Hurbanovo (1901-2022)
100

[days]
(¥5]
[=] [=]

1901
1911
1921
1931
1941
1951
1961
1971
1981
1991
2001
2011
2021

Year

Fig. 3. Time series of tropical days and decade averages.
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The last but not the least task was to find out the simultaneous occurrence of summer and
tropical days, to find the longest periods (consecutive days) in individual years (Table 3).
Then determine the longest period ever, its beginning and end, the first and last day of
occurrence of a summer day in a given year, as well as the historically earliest and latest
occurrence of the first and last occurrence. The longest period of consecutive summer days
occurred in Bolkovce (south of central Slovakia) for 51 days. The beginning of the series
occurred on June 15, 2021 and the end on August 4, 2021. The first summer day of this year
(at that station) (2021) occurred on April 1 and the last on September 28. Historically, we
recorded the first (earliest) summer day on March 21, 1974 (Hurbanovo and Bol'kovce) and
the last (latest) on October 31, 2001 (Hurbanovo). We proceeded similarly for tropical days.
The longest period of consecutive tropical days occurred in Kamenica nad Cirochou
(extremely eastern Slovakia) for 22 days. The series began on July 21, 1994 and ended on
August 11, 1994. The first tropical day in a given year (1994) occurred on May 18 and the last
on September 14 (1994). Historically, we recorded the earliest occurrence of a tropical day on
April 24, 1968 (Hurbanovo) and the last occurrence of a tropical day on September 30, 1932
(Hurbanovo). For all the stations mentioned above, we created graphs showing the occurrence
of summer and tropical days. Of them, the separate or parallel occurrence of these days is
noticeable. As an example, we present the time series from Hurbanovo for the period 1901 -
2022 (Fig. 6). The x-axis represents the period from the beginning of March (0) to the end of
October (300) expressed in days instead of date and the y-axis represents the year of
occurrence (duration) of summer and tropical days. From this figure (as well as from the
others of the same meaning) an increase in the number as well as years with more frequent
(longer consecutive days) periods of summer or tropical days is evident. In the case of the
existence of longer consecutive days (especially tropical ones), critical situations occur
(especially in connection with the lack of atmospheric precipitation). From Fig. 6 (at higher
resolution) it is possible to define the significance of the duration of summer or tropical days
or their simultaneous occurrence. After 1990, we observe an increasingly frequent parallel
occurrence of tropical and summer days (most notably in the period 1991 - 2022). However,
there were also years when a tropical day did not occur at all (e.g. from the recent past in
Hurbanovo years 1986, 1997). Summer and tropical days most often occur in more northern
and higher places, where previously their occurrence was less frequent, which ultimately
gives new possibilities for changing the cultivation of agricultural crops as well as points to
new possibilities for tourism, including the extension of the tourist season (in warm half a

year).
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Table 3. Consecutive summer and tropical days and added statistics (1951-2022)

Ind. Station Char. pt/:?c))(d oM To First Last F;;St Li?]St
name day [days] occurrence | occurrence | oo records
Bratislava
11813 | (K) SD |34 11.7.1994 | 13.8.1994 | 15.5.1994 |26.9.1994 |7.4.2011 |24.10.2019
TD |18 22.7.1994|8.8.1994 |26.6.1994 |17.8.1994 |29.4.2012|22.9.2003
Bratislava,
11816 | (a) SD |34 18.6.1976 | 21.7.1976 | 4.4.1976 | 13.10.1976 | 24.3.1977 | 24.10.2019
SD |34 11.7.1994 | 13.8.1994 | 15.5.1994 |26.9.1994
TD |19 21.7.19948.8.1994 |19.6.1994 |12.9.1994 |29.4.2012|22.9.2003
11826 | Piestany SD |34 11.7.1994 | 13.8.1994 | 30.4.1994 |26.9.1994 |7.4.2011 |24.10.2019
TD |19 21.7.1994 1 8.8.1994 |27.6.1994 |10.8.1994 |30.4.2012|22.9.2003
11858 | Hurbanovo |SD |47 16.7.1992 | 31.8.1992 | 25.4.1992 |28.9.1992 |21.3.1974|31.10.2001
TD |19 21.7.1994 | 8.8.1994 |19.6.1994 |2.9.1994 |24.4.1968|30.9.1991
TD |19 23.7.2018 | 10.8.2018 | 28.5.2018 |13.9.2018 30.9.1932
11868 | Orav. Lesna |SD |18 22.7.1994 1 8.8.1994 |18.5.1994 |2.9.1994 |28.4.2012|15.10.2000
TD |8 6.8.2015 |13.8.2015|5.7.2015 |1.9.2015 |7.6.1998 |1.9.2015
11874 | Lipt. Hradok |SD |24 17.7.2013|9.8.2013 |26.4.2013 |8.9.2013 |21.4.2018|25.10.2019
TD |10 25.7.1994 | 3.8.1994 |27.6.1994 |6.8.1994 |8.5.2003 |1.9.2015
11903 | Slia¢ SD |46 17.7.1992 | 31.8.1992 | 26.4.1992 |12.9.1992 |3.4.2017 |18.10.1953
TD |16 22.7.199416.8.1994 |27.6.1994 |8.8.1994 |30.4.2012|19.9.1961
11927 | Bolkovce SD |51 15.6.2021 | 4.8.2021 |1.4.2021 |28.9.2021 |21.3.1974|11.10.1995
TD |18 22.7.19948.8.1994 |26.6.1994 |14.9.1994 |30.4.2012|19.9.1961
11934 | Poprad SD |19 21.7.1994 | 8.8.1994 |17.5.1994 |14.9.1994 |21.4.2018|24.10.2019
TD |10 6.8.2015 |15.8.2015|5.7.2015 |1.9.2015 |8.5.2003 |1.9.2015
11938 | Telgart SD |17 23.7.1994 | 8.8.1994 |26.6.1994 |11.8.1994 |1.5.2012 |19.9.1961
D |- - - - - - -
11968 | Kosice (L) |SD |38 19.7.2018 | 25.8.2018 | 12.4.2018 |13.10.2018|22.3.1974 | 19.10.1961
TD |18 22.7.1994|8.8.1994 |27.6.1994 |14.9.1994 |1.5.2012 |18.9.2015
11993 | Kamenica /C |SD |37 20.7.2018 | 25.8.2018 | 12.4.2018 |21.9.2018 |6.4.1968 |20.10.1961
6.4.2016
D |22 21.7.1994]11.8.1994 | 18.5.1994 |14.9.1994 |1.5.2012 |18.9.2015
Legend:

Ind. — international station number
SD — summer day and TD — tropical day
Bratislava (K) - Bratislava, Koliba
Bratislava, (a) - Bratislava, airport
Orav. Lesna - Oravska Lesna
Lipt. Hradok - Liptovsky Hradok
Kosice (a) - Kosice, airport
Kamenica /C - Kamenica nad Cirochou
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Fig. 6. Summer and tropical days (consecutive days) at Hurbanovo (1901-2022).
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DISCUSSION

The processing of summer or tropical days (the same would be true for icy, frosty or tropical
night days) is highly dependent on the quality of the measured data as well as on the
invariance of the meteorological station surroundings. Currently, the problem of
homogenization of daily, but especially extreme daily values, has not yet been
comprehensively resolved. In order to eliminate possible errors as much as possible, we
selected stations with professional staff. Nevertheless, we did not avoid a contradiction when
evaluating the Bol’kovce station, which had moved. Otherwise, the results at the other stations
correspond to the trend resulting from the increase in air temperature, especially in recent
decades. From the processing of data on summer and tropical days, it emerged that the growth
of the average air temperature also leads to the occurrence of the longest consecutive summer
or tropical days. The only thing that is certain is that the probability of the occurrence of such
series has increased.

CONCLUSION

In the article, we mainly focused on expressing the trend in the number of summer and
tropical days. We pointed out the differences between individual decades. We compared
values from normal periods, classified as periods for determining climate change in 30 years.
We found the longest periods of consecutive days (summer and tropical). We documented the
statistics for when they occurred (first and last summer and tropical day). We found the
historically first, last day of occurrence of a summer and tropical day at selected
meteorological stations. The results can be used by farmers, foresters, tourism as well as for
the general awareness of the population about climate change in the conditions of Slovakia.
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ABSTRACT

Sucho je pomerne zlozity pojem, na ktory sa mozeme pozerat cez viaceré perspektivy:
meteorologicku, hydrologicku, polnohospodarsku, socioekonomickd, ¢i ini. Medzi najznamejsie a
najcastejSie pouzivané ukazovatele meteorologického sucha patri index SPEI. SPEI predstavuje
normalizovani  hodnotu zaporného klimatického ukazovatela zavlazenia D (D=zrazky -
potencialna evapotranspiracia). Spdsob vypoctu SPEI nie je jednoznaény a mozno pri iom menit
viaceré parametre v rdéznych krokoch vypoctu. V tejto praci analyzujeme velkost’ zmeny indexu
pri zmene tychto parametrov tym, Ze porovname velkost' absolutnych odchylok indexov s
rovnakymi vstupnymi udajmi, ale odliSnym jednym parametrom vo vypocte. Porovname rady
SPEI, ktoré sa lisSia metddou vypoctu pot. evapotranspiracie (Hargreaves a Penman-Monteith);
pouzitym rozdelenim pravdepodobnosti hodnoty D (log-logistické, generalizované extremalne a
Pearsonovo III rozdelenie) a pouzitym referenénym obdobim na zaklade ktoré¢ho sa normalizuju
hodnoty indexu. Vstupnymi udajmi si meteorologické udaje zo stanici Belusa v obdobi 1981-
2019. Analyze sme podrobili 1, 3 a 6 mesa¢né indexy. Najvéac¢sia zmena indexu sa vyskytla pri
zmene referenéného obdobia (v priemere 0,2), d’alej pri zmene metddy vypoctu potencialnej
evapotranspiracie (0,13), kym najmens$iu zmenu priniesla zmena $tatistického rozdelenia (0,06).

Keywords: Meteorologické sucho, SPEI index, pravdepodobnostné rozdelenie, absolitne
odchylky

UvVoD

Sucho je pomerne komplexny pojem. Neexistuje jednoznacna definicia ani fyzikalna veliCina,
ktorou by sa sucho dalo urcit’ a nasledne odmerat’. Hlavnou pri¢inou jeho vzniku je deficit
zrazok za ur€itl dobu vzhladom na klimaticky priemer daného Uzemia. VysSia teplota
vzduchu, intenzivnejSie slne¢né Ziarenie, nizka relativna vlhkost’ vzduchu, mala oblacnost’, ¢i
rychlejSie prudenie vzduchu zvySuje mieru evapotranspiracie, ¢o moze znacne prispiet k
zintenzivneniu sucha. WMO vo svojej zbierke indexov a ukazovatel'ov sucha (Svoboda,
Fuchs 2016) uvadza 23 indexov sucha, ktoré vychadzaji z meteorologickych, ¢i
klimatologickych prvkov a charakteristik. Okrem toho moze byt sucho charakterizované aj z
pohl'adu hydrologickych, pol'nohospodarskych, socioekonomickych, ¢i inych charakteristik.
Medzi jeden z najCastejSie pouzivanych ukazovatelov meteorologického sucha patri index
SPEI (Standardized precipitation-evapotranspiration index). Ide o index, ktory je zahrnuty aj v
ramci monitoringu sucha Slovenského hydrometeorologického tstavu.

Jednou z vyhod tohto indexu je to, Ze jeho hodnoty st normalizované, vd’aka comu je mozné
porovnavat’ rozne dlhé periddy sucha. Zaroven ho mozno pouzit’ celosvetovo, ked’ze je index
navrhnuty tak, aby sa prisposobil podmienkam lokdlnej klimy. Vdaka svojej celosvetovej
popularite mozno o tomto indexe najst mnozstvo literatary-¢i uz tykajlicej sa priameho
pouzitia indexu na charakterizaciu sucha v roznych klimatickych oblastiach alebo aj literatary
tykajuicej sa samotnej metodiky vypoctu SPEI.

Medzi nevyhody tohto indexu v porovnani s inymi meteorologickymi indexami sucha
mozeme zaradit' jeho nezohladiovanie typu povrchu a pddy. Rozne typy pod rdzne
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zadrziavaju, ¢i prepustaja vodu a rovnako aj typ povrchu (a porastu na nom) méze ovplyvnit
vypar.

Dal$ou nevyhodou je nejednozna¢nost’ v metodike vypoétu indexu. Pri niektorych krokoch
vypoctu SPEI je totiz mozné modifikovat’ viaceré parametre vypoctu. Problematikou zmeny
niektorych z modifikovateI'nych parametrov pri vypoc¢te SPEI sa budeme zaoberat’ prave v
tejto praci.

Jednym z takychto modifikovatelnych parametrov je spdsob vypoctu potencialnej
evapotranspiracie (PET), ktora vstupuje do vypoctu SPEIL Samotni autori indexu pri
zadefinovani SPEI pouzili jednoduchti Thornthwaitovu metddu, pri ktorej su vstupnymi
udajmi teplota vzduchu a zemepisna Sirka (Vicente-Serrano, Begueria, Lopez-Moreno 2010).
Po dal$ej analyze navrhnutého indexu, autori uprednostnili pouzitiec Penman-Monteith
metody (P.-M.). P.-M. metdda je zaroven odporGi¢ana aj Organizaciou pre vyzivu a
pol'nohospodarstvo spojenych narodov (FAO — Food and Agriculture Organization of the
United Nations) ako Standardna metdda vypoctu PET (Allen, Pereira, et al. 1998). Ako
vstupné udaje si vSak tito metoda vyzaduje aj prvky ako rychlost’ vetra, vlhkost’ vzduchu, ¢i
slne¢nd radidcia, ktoré sa na mnohych meteorologickych staniciach nemeraju, pripadne sa
meraju s pristrojmi s nedostato¢nou presnostou. Preto v pripade nedostupnosti vstupnych
udajov autori odporucaju pouzit' jednoduchSiu metédu Hargreaves, ktora si vyzaduje iba
teplotu vzduchu a zemepisnu Sirku stanice. Vysledné hodnoty PET podl'a metédy Hargreaves
st v8ak porovnatel'né ako pri metdde P.-M. (Begueria, Vicente-Serrano, et al. 2014).

Dalsim modifikovatelnym parametrom je referenéné obdobie na zaklade ktorého sa v
metodike vypoctu posudzuje, ¢i pre dant situaciu ide o normalne alebo skor extrémne
vlhkostné podmienky. Odporiia sa, aby referen¢né obdobie malo dizku minimalne 30 rokov,
avSak nie je pevne stanovené. Index sucha napriklad pre jun 2018 teda mozno pocitat’ podla
distribu¢nej funkcie zostavenej pre obdobie 1988-2018, ale aj pre obdobie 1981-2011, ¢&i iné
obdobie s P'ubovolnou dizkou. Tymto spdsobom index ocharakterizovany ako extrémne suchy
podla jendého referenéného obdobia, méZe byt napriklad mierne suchy podla iného
referencného obdobia.

Zaroven je pri metodike vypoctu mozné vybrat® si Statistické rozdelenie, ktoré sa pouZije na
zostrojenie distribu¢nej funkcie rozdielu zrazok a PET. Autori SPEI odportcaja pouzit’ log-
logistické rozdelenie (Vicente-Serrano, Begueria, Lopez-Moreno 2010), kym Stagge a kol.
uprednostiujii generalizované extremalne rozdelenie — GEV (Stagge, Tallaksen, et al. 2015;
2016).

Okrem toho je mozné urcit’ viacerymi sposobmi aj parametre zvoleného rozdelenia. Sposob
vypoctu parametrov rozdelenia moze ovplyvnit’ ich hodnoty a samym tym aj findlne SPEIL.
Parametre vysSie uvedenych rozdeleni mozno pocitat’ napriklad metdédou nevychylenych
pravdepodobnostne vazenych momentov (unbiased probability weighted moments-ubPWM)
alebo metddou maximalnej vierohodnosti (maximum likelihood estimation-MLE).

Dal$ou nejednoznaénostou pri vypodte SPEI je moznost’ udelit rézne véhy jednotlivym
mesiacom pri viacmesacnych indexoch. S takouto modifikaciou indexu sme sa vSak v
domaécej ani zahrani¢nej literature Casto nestretali.

V tejto praci sme sa zamerali na parametre, ktoré mozu podl'a nds najviac ovplyvnit’ vysledny
index. Zaujimalo nds do akej miery ovplyvni vol'ba sposobu vypoctu PET, referencného
obdobia, ¢i Statistického rozdelenia hodnoty D findlnu hodnotu indexu SPEI. Analyzovali sme
preto absolutne rozdiely medzi indexami, pri ktorych bol pozmeneny vzdy iba jeden z
uvedenych parametrov.
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METHODS AND DATA

Pre Statisticku analyzu indexu SPEI sme si v tejto praci zvolili stanicu Belusa. Pracovali sme s
dennymi meteorologickymi udajmi v obdobi 1981-2019, ktoré nam poskytol Slovensky
hydrometeorologicky ustav. BeluSa sa nachddza v okrese Plichov, na stednom Povazi, v
severnej Casti Ilavskej kotliny v udoli rieky Vah. Meteorologicka stanica BeluSa sa nachadza
v nadmorskej vyske 254 m n.m., na 49,07° severnej zemepisnej Sirky a 18.32° vychodne;j
zemepisnej dizky. V obdobi 1981-2019 bola na tejto stanici v januari priemerna maximalna
teplota vzduchu 1,62°C a priemerna minimalna teplota vzduchu -4,97 °C, kym v juli bola
priemernd maximalna teplota 26,38°C a priemernd minimalna teplota 13,03 °C. Priemerna
suma atmosférickych zrazok v teplom polroku (april-september) bola 408 mm a priemerna
suma PET za teply polrok 758 mm. Podla Koncekovej klimatickej klasifikacie (obdobie
1961-2010) sa Belusa radi do teplej oblasti s miernou zimou a dostato¢nou vlhkost'ou (okrsok
T8) (SHMU 2015).

Metodika vypoctu indexov
Samotntl metodiku vypoctu SPEI ukaZeme v nasledovnych krokoch:

1. Vstupnym parametrom pre vypocet SPEI je veli¢ina D - zdporna hodnota klimatického
ukazovatel'a zavlaZenia. Ide vlastne o rozdiel uhrnu atmosférickych zrazok (R) a
potencidlnej evapotranspiracie (PET) za zvolené obdobie pre ktoré pocitame index
(napr. 1 mesiac).

2. V dalsom kroku sa na zaklade dostato¢ne dlhého referenéného obdobia hodnoty D
zostavi distribu¢na funkcia hodnoty D. Tento krok pozostava z volby vhodnej
distribu¢nej funckie, ktord dobre popisuje veli¢inu D a nésledného vypoctu
parametrov tohto zvoleného rozdelenia.

3. Podl'a stanovenej distribuc¢nej funkcie sa potom pre konkrétne hodnoty D pre ktoré
pocitame index urci pravdepodobnost’ prekrocenia tejto hodnoty: P(x>D).

4. Aby bolo mozné vzajomné porovnanie indexov v priestore a case, index SPEI je
normalizovany. V d’alSom kroku sa teda vykond normalizdcia hodnoty P
z predchadzajuceho kroku transformaciou distribu¢nej funkcie zvoleného Statistického
rozdelenia na normalne rozdelenie so strednou hodnotou v 0 a Standardnou odchylkou
1: N(u=0; 6°=1). T4to hodnota je finalnou hodnotou indexu SPEI.

Index SPEI teda poukazuje na to, ¢i hodnota D (za zvolené ¢asové obdobie) je pre dany bod v
priestore bezne vyskytujuca sa alebo ide skor o hodnoty nachadzajuce sa na chvostoch
Statistického rozdelenia. Ako uz bolo spomenuté, hodnoty indexu st normalizované, pri¢om
zaporné hodnoty signalizuji suché obdobie, kym kladné hodnoty vlhké obdobie.
Kategorizaciu vlhkostnych obdobi na zaklade hodnoty indexu SPEI uvddzame v Tabulka 2.

Tabul’ka 2. Kategorizacia vlhkostnych obdobi podl’a hodnoty SPEI

HODNOTA OBDOBIE
INDEXU SPEI
>2,00 extrémne vlhké
1,50 AZ 1,99 velmi vlhké
1,00 AZ 1,49 stredne vlhké
0,99 AZ 0 mierne vlhké
0 AZ -0,99 mierne suché
-1AZ-1,49 stredne suché
-1,50 AZ -1,99 vel'mi suché
<-2.00 extrémne suché
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Ako vstupné udaje pre vypocet sucha sme v tejto praci pouzili 30, 92 a 183 diové sumy
zrazok a PET pre kazdy deil v analyzovanom obdobi 1981-2019 (retrogradne). Vysledkom
boli 1, 3 a 6 mesacné hodnoty indexu pre kazdy defl v analyzovanom obdobi (napr. 1 mesacny
SPEI pre 30 januar 1981 zahtia obdobie od 1.-30. januara 1981; SPEI pre 31. januér zahtna 2.
-31. januar, atd’). Vyhodou takéhoto denného kroku vo vypocte (v porovani s klasickou 1
hodnotou indexu za mesiac) je vacSia Statisticka vzorka a detailnejsi a hladsi ¢asovy priebeh
indexu.

Ako bolo spomenuté v uvodnej Casti, pri vypocte SPEI je mozné niektoré parametre
modifikovat. My sme v tejto praci pouzili 2 spdsoby vypoctu PET (P.-M. metédu a metodu
Hargreaves), 5 referenénych obdobi indexu (1981-2019, 1981-2000, 1981-2009, 2000-2019 a
1990-2019) a 3 rozne Statistické rozdelenia hodnoty D (log-logistické, GEV a Pearsonovo III
rozdelenie). Kombinaciou uvedenych modifikacii sme za tych istych vstupnych podmienok
ziskali sadu 14 indexov pre kazd skamant dizku indexu (1, 3 a 6 mesaéné obdobie). V
Tabul'ka 3 uvadzame skratky nazvov jednotlivych modifikacii indexu, ako aj prehlad ich
charakteristik.

Tabulka 3. Skratky nazvov modifikacii indexov a ich prislichajice charakteristiky (pouZité
referencné obdobie, metodika vypocétu PET a Statistické rozdelenie)

PET
Ref.obdobie Harg. P.-M. | Rozdelenie
1981-2019  hi1 pll :gg;stické
1981-2000  hl2 pl2 :2g;stické
1981-2010  hi3 pl3 :2g;stické
2000-2019 hl4 pl4 igg;stické
0Q-

1990-2019 hl5 pl5 logistické
1981-2019  hpl ppl Pearson Il
1981-2020  hgl pgl GEV

Pri vypocte parametrov pre vSetky 3 analyzované Statistické rozdelenia sme postupovali
metédou MLE. Pri viacmesacnych indexoch mal kazdy mesiac rovnaka vahu.

KedZe sme na vypocet indexov v tejto praci pouzivali relativne kratke referencné obdobia
(20-40 rokov), je potrebné uvedomit’ si, ze rozdenie, ktoré bolo z tohto referenéného obdobia
vytvorené¢ nedokaze presne urCit extrémne hodnoty sucha a vlhka (napriklad udalosti
vyskytujuce sa raz za 1000 rokov). Rozhodli sme sa preto indexy ohranicit’ hodnotou £3, tak
ako to pri kratSich referencnych obdobiach odporuca aj Stagge a kol. (Stagge, Tallaksen, et al.
2015; 2016). Hodnota SPEI +3 predstavuje udalost’ s pravdepodobnostou 0,14%, cize
udalost’, ktora sa vyskytne priblizne raz za 741 rokov. Zaroven by sme chceli zdoraznit', ze
hodnoty SPEI presahovali tito hodnotu najmé pri 20 ro¢nych referenénych obdobiach. V
niektorych pripadoch pri 20 ro¢nom referenénom obdobi sa vyskytlo az zhruba 2,5% hodnot v
¢asovom rade mimo intervalu £3, pricom mnohé z tychto pripadov boli na trovni vyskytu raz
za 100 000 rokov. Pri 40 ro¢nych referenénych obdobiach sa hodnoty SPEI mimo interval +3
prakticky nevyskytovali (maximalne na Grovni stotiny percenta z celkového poctu prvkov v
casovom rade). Tento fakt sved¢i o tom, ze 20 ro¢né referen¢né obdobie pri indexoch SPEI
moze byt nedostatocné na adekvatne ocharakterizovanie klimy. Napriek tomu sme sa po
ohrani¢eni indexov spominanou hodnotou rozhodli pre porovnanie pouzit’ aj tieto kratSie
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referenéné obdobia. Vychadzali sme pritom z predpokladu, Ze mimo extrémnych oblasti mézu
byt tieto indexy odhadnuté pomerne presne.

Vypocty indexu SPEI boli vykonané v prostredi programovacieho jazyka R za pomoci balicka
SCI (Gudmundsson, Stagge 2016).

Metodika urcenia vplyvu zmeny zvolené¢ho parametra na SPEI
Vplyv zmeny jednotlivého parametra na SPEI sme posudzovali na zaklade absoltitnej hodnoty
rozdielu medzi dvojicami indexov, pricom analyzovana dvojica indexov sa vzdy lisila iba v
jednom posudzovanom parametri. Podla toho, aky parameter sme analyzovali m6zeme ulohu
rozdelit’ na 3 Casti:

a) Rozdiel indexov, ktoré sa liSia v Statistickom rozdeleni

b) Rozdiel indexov, ktoré sa lisia v referencnom obdobi pouzitom na vypocet parametrov

rozdelenia

¢) Rozdiel indexov, ktoré sa liSia v pouzitej metéde vypoctu PET
Pre kazdu cast’ ulohy sme porovnavali relevantné dvojice indexov (Tabulka 3), pricom sme
ur¢ovali maximalnu a priemernu absolitnu odchylku a jej Standardnt odchylku v ¢asovom
rade pre dant dvojicu.

Tabulka 4. Priradenie ¢isel k skimanym rozdielom dvojic indexov pre ¢asti ilohy a) Rozdiel
indexov, ktoré sa liSia v Statistickom rozdeleni; b) Rozdiel indexov, ktoré sa liSia v referenénom
obdobi a c) Rozdiel indexov, ktoré sa li§ia v pouZitej metode vypoctu PET

tloha rozdiel & dvojica vstupujica dloha o, gig| dvojica vstupujica
a) ' do rozdielu b) ¢. do rozdielu
1 hll hpl 1 hl1 hl2
2 hll hgl 2 hl1 hl3
3 hpl hgl 3 hl1 hl4
4 pll ppl 4 hl1 hI5
5 pll pgl 5 hl2 hi3
6 ppl pgl 6 hl2 hl4
7 hl2 hl5
8 hl3 hl4
9 hl3 hl5
10 hl4 hl5
11 pll pl2
tiloha rozdiel & dvojica vstupujica 12 pll pI3
c) ' do rozdielu 13 pl1 pl4
1 hil pll 14 pll pl5
2 hi2 pl2 15 pl2 pl3
3 hi3 pl3 16 pl2 pl4
4 hl4 pl4 17 pl2 pI5
5 hl5 pl5 18 pl3 pl4
6 hpl ppl 19 pl3 pl5
7 hgl pgl 20 pl4 pl5
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Casovy rad pozostaval zhruba z 14 000 absolutnych rozdielov (365 dni x 39 rokov=14235;
pokial’ chybala ur¢itd hodnota v jednej z dvojic, dany datum sme vynechali). Chceme
upozornit, ze aj v pripade pouzitia kratSicho referencného obdobia v metodike vypoctu
indexu (napr. 20 ro¢né referencné obdobie 2000-2019) sme indexy pocitali pre celé
analyzované obdobie 1981-2019. Referencné obdobie bolo pouzit¢ iba na zostavenie
distribu¢nej funkcie (bod 2. pri popise metodiky vypoctu SPEI).

RESULTS

Rozdiel indexov, ktoré sa lisia v Statistickom rozdeleni

Maximalne absolutne rozdiely medzi porovnavanymi dvojicami boli pri jednomesacnom
indexe od 0,5 (dvojica 5) po 1,24 (dvojica 6); pri trojmesa¢nom indexe od 0,6 (dvojica 6) po
1,39 (dvojica 4) a pri Sestmesacnom od 0,4 (dvojica 1) po 1,06 (dvojica 4) (tabul’ka 4, Cast’ a,
oranzova cast).

Pri trojmesacnych a Sestmesacnych indexoch sme najvacsi priemerny rozdiel zaznamenali
medzi log-logistickym a GEV rozdelenim, kym pri jednomesa¢nych indexoch sa v priemere
najviac lisili indexy s log-logistickym a Pearson III rozdelenim. Naopak najmensi priemerny
rozdiel bol pri jednomesacnom a Sestmesacnom indexe pre dvojicu s rozdeleniami GEV a
Pearson III a pri trojmesa¢nych indexoch pre dvojicu s GEV a log-logistickym rozdelenim.
Takato analyza vSak nie je dostatocnd na to, aby sme uzavreli, ze indexy s urCitymi
rozdeleniami st si viac, ¢1 menej podobné, ked’Ze rozdiel medzi dvojicami s najmenSimi a
najvacsimi priemernym absolitnymi rozdielmi je na trovni 0,01 pri jednomesacnych, 0,03 pri
Sestmesacnych a 0,11 pri trojmesacnych indexoch. Domnievame sa preto, ze uvedené poradie
podobnosti indexov je skor ndhodné ako Statisticky vyznamné, comu nasvedCuje aj fakt, ze
poradie nie je jednotné pri inej dizke indexu.

V priemere boli absolutne rozdiely medzi indexami pri pouziti iného Statistického rozdelenia
na urovni 0,05 pri jednomesa¢nom indexe, 0,08 pri trojmesa¢nom a 0,04 pri Sestmesacnom
indexe.

0.16
0.14
0.12

0.1

0.08 1 mesiac
0.06 3 mesiace

6 mesiacov
0.04

Priemerny absolutny rozdiel

0.02

1 2 3 - 5 6

Cislo rozdielu dvojice indexov

Graf 1. Priemerny absolitny rozdiel medzi dvojicami indexov s odliSnym
Statistickym rozdelenim.
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Tabul’ka 5. Priemerny absoliitny rozdiel medzi dvojicami indexov (zelena ¢ast’ vyssie),
Standardna odchylka absolitneho rozdielu (zelena ¢ast’ niZSie), priemerny absolutny rozdiel pre
vietky dvojice indexov (boldom vysSie), priemer Standardnej odchyky medzi vSetkymi dvojicami

(boldom nizZ§ie), maximalny rozdiel, ktory sa pri zmene daného prvku vyskytol (oranZova ¢ast’
vl’avo) a Cislo rozdielu dvojice indexov pri ktorych sa tento maximalny rozdiel vyskytol
(oranZova &ast’ vpravo). Cast’ a) predstavuje rozdiely indexov, ktoré sa liSia v Statistickom
rozdeleni; ¢ast’ b) indexy liSiace sa referen¢nym obdobi; ¢ast’ ¢) indexy liSiace sa metodikou
vypoctu PET. V ¢asti b) st uvedené iba rozdiely indexov s PET=P.-M. (rozdiely 11-20), vysledky
indexov PET=Hargreaves (1-10) si pribliZne rovnaké a preto ich pre nedostatok priestoru

vynechavame.
a) ¢&islo rozdielu indexov & \)@ \éo
&8
& 2’ 9
1| 23| 4|56 /&
priemerny |1 mesiac 0.05|0.05|0.04|0.05|005({0.04|0.05|124| 6
absolutny |3 mesiace | 0.04 | 0.15 | 0.14 | 0.05 | 0.06 | 0.03 | 0.08 | 1.39 | 4
rozdiel |6 mesiacov | 0.04 | 0.06 | 0.03 | 0.04 | 0.06 | 0.04 | 0.04 | 1.06 | 4
. , |1 mesiac 0.06 | 0.06 | 0.06 | 0.06 | 0.05 | 0.06 | 0.06
Standardna -
odchylka 3 mesiace | 0.04 | 0.12 | 0.11 | 0.05 | 0.07 | 0.04 | 0.07
6 mesiacov | 0.04 | 0.07 | 0.04 | 0.05 | 0.07 | 0.05 | 0.05
b) &islo rozdielu indexov S

11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 Q‘\ < 9
priemerny |1 mesiac 0.18 | 0.08 | 0.26 | 0.10 | 0.15 | 0.43 | 0.23 | 0.31 [ 0.14 | 0.24 | 0.21 [ 3.11| 6
absolutny |3 mesiace | 0.17 | 0.09 | 0.27 | 0.09 | 0.11 | 0.43 | 0.21 [ 0.34 | 0.15 [ 0.27 | 0.21 | 2.43 | 16
rozdiel |6 mesiacov | 0.18 | 0.10 | 0.26 | 0.09 | 0.12 | 0.44 | 0.25 | 0.34 | 0.17 | 0.22 | 0.22 | 2.27 | 16
1mesiac | 0.19 | 0.09 | 0.27 | 0.09 | 0.16 | 0.39 | 0.23 | 0.31 | 0.13 | 0.27 | 0.21

Standardna -
odchylka 3 mesiace | 0.15 | 0.08 | 0.26 | 0.06 | 0.10 | 0.35 | 0.16 | 0.29 | 0.10 | 0.26 | 0.18
6 mesiacov | 0.13 | 0.08 | 0.27 | 0.06 | 0.10 | 0.35 | 0.17 | 0.29 | 0.11 | 0.26 | 0.18
C) ¢islo rozdielu indexov S S & &é\)
& & &
1| 23| 4] 5|67 S/ &

priemerny |1 mesiac 0.11]0.13(0.11{0.13|0.11(0.12|0.11| 012|242 | 4
absolutny |3 mesiace | 0.12 | 0.14 | 0.13 | 0.16 | 0.12 | 0.13 | 0.01 [ 0.12 [ 2.15 | 4

rozdiel |6 mesiacov | 0.15 | 0.17 | 0.16 | 0.19 | 0.14 | 0.15 | 0.15| 0.16 | 2.05 | 4
1 mesiac 0.10|0.15 | 0.11 | 0.17 | 0.11 | 0.11 | 0.10 | 0.12
3 mesiace | 0.11 | 0.14 | 0.11 | 0.18 | 0.11 | 0.11 | 0.03 | 0.11
6 mesiacov | 0.12 | 0.16 | 0.13 | 0.20 | 0.12 | 0.13 | 0.13 | 0.14

Standardna
odchylka

Rozdiel indexov, ktoré sa lisia v referencnom obdobi

Pri porovnani indexov s inym referencnym obdobim boli maximélne absolutne rozdiely pri
jednomesa¢nom indexe od 1,13 (dvojica 2) po 3,11 (dvojica 6), pri trojmesacnom indexe od
0,43 (dvojica 14) po 2,43 (dvojica 16) a pri Sestmesa¢nom indexe od 0,87 (dvojica 2) po 2,27
(dvojica 16) (tabul’ka 4, Cast’ b, oranZzova Cast)).

Absolutne rozdiely medzi indexami s inym referencnym obdobim boli v priemere 0,2 pre
jednomesacné, trojmesacné aj Sestmesacné indexy. Logicky pri indexoch s uplne odliSnymi
referencnymi obdobiami bola priemerna absolitna odchylka indexov vysS$ia nez pri indexoch,
ktorych referenéné obdobia sa ciasto¢ne prekryvali. Rovnako sme pri tychto indexoch
zaznamenali aj najvys$$iu Standardnt odchylku absolutnych rozdielov. Prikladom je dvojica 6
resp. 16 (rozdiel obdobi 1981-2000 a 2000-2019), kde bola priemerna absolutna odchylka
indexov 0,4 pri vietkych 3 dizkach indexu (tabulka 4, ¢ast b, zelena ast). V pripade
porovnania indexov s 30 roénym a 20 roénym referenénym obdobim so vzajomnym 10
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rocnym prekryvom referencnych obdobi (dvojice 7 a 8, resp. 17 a 18) sa indexy od seba lisili
v priemere o hodnoty od 0,18 (dvojica 7 pri trojmesa¢nom indexe) po 0,34 (dvojica 18 pri
Sestmesacnom indexe). Ked” sme porovnali indexy s 30 ro¢nym a 20 ro¢nym referenénym
obdobim, avs§ak s ich vzajomnym 20 ro¢nym prekryvom (dvojice 5, 9 a 10, resp. 15, 19 a 20)
priemerné absolitne rozdiely sa pohybovali na urovni od 0,08 (dvojica 5 pri Sestmesacnom
indexe) po 0,27 (dvojica 20 pri trojmesaénom indexe). V pripade nahradenia 40 ro¢ného
referen¢ného obdobia 20 ro¢nym vysekom z tohto obdobia by sa podrla tejto analyzy indexy s
20 ro¢nym ref. obdobim lisili od povodnych o 0,13 (dvojica 1 pri Sestmesacnom indexe) az
0,27 (dvojica 13 pri trojmesacnom indexe). V pripade nahradenia 40 ro¢ného ref. obdobia 30
ro¢nym vysekom z tohto obdobia sa indexy medzi sebou lisili v priemere o 0,08 (dvojica 2 pri
jednomesac¢nom a trojmesa¢nom indexe) az 0,1 (dvojica 14 pri jednomesa¢nom a dvojica 12
pri Sestmesacnom indexe).

05

0.35

03
1 mesiac_Harg.
1 mesiac_P.-M.
0.25
3 mesiace_Harg

3 mesiace_P.-M.

Priemerny absolatny rozdiel

0.2
6 mesiacov_Harg.

6 mesiacov_P.-M.

0.15
0.1
0.05

0
1(11) 2(12) 3(13) 4(14) 5(15) 6(16) 7(17) 8(18) 9(19) 10(20)

Cislo rozdielu dvojice indexov (pri rozdieloch s Harg. indexami (1-10), pri rozdieloch s P.-M. indexami (10-20)

Graf 2. Priemerny absoliitny rozdiel medzi dvojicami indexov s odliSnym referenénym obdobim
(ked’Ze pri rozdieloch 1 a 11, resp. 2 a 12., atd’ su vSetky parametre rovnaké, akurat boli pri
indexoch pouZité iné metédy vypocétu PET, uvadzame tieto hodnoty vedla seba. K rozdielom

indexov s PET=Harg. (nevySrafované) patria Cisla 1-10, kym pre rozdiely indexov s PET=P.M.
(vySrafované) patria ¢isla 11-20).

Rozdiel indexov, ktoré sa lisia v pouZitej metode vypoctu PET

Pri indexoch, ktoré sa od seba liSili metodou vypoctu PET sme zaznamenali maximalny
absolutny rozdiel 0,68 (dvojica 1) az 2,42 (dvojica 4) pre jednomesacné indexy, 0,2 (dvojica
7) az 2,15 (dvojica 4) pre trojmesacné indexy a 0,7 (dvojica 1) az 2,05 (dvojica 4) (tabul’ka 4,
Cast’ ¢, oranzova Cast). V priemere bol absolutny rozdiel medzi indexami s inou metdédou
vypoctu PET 0,12 pri jednomesacnych a trojmesacnych indexoch a 0,16 pri Sestmesacnych
indexoch. Jednoznacne vysSie priemerné absolutne odchylky, ako aj vyssie Standardné
odchylky sa vyskytli pri porovnani indexov s 20 ro¢nym referenénym obdobim (dvojice 2 a
4). V tychto pripadoch bola priemernd odchylka od 0,13 (dvojice 2 a 4 pri jednomesacnom
indexe) po 0,19 (dvojica 4 pri Sestmesacnom indexe). Tento vysledok poukazuje na fakt, ze
pri pouziti 20 rocnych referenénych obdobi musime pocitat’ s vicSou nepresnostou indexu.

239



Electronic book
Interdisciplinary Approach in Current Hydrological Research

0.25
o
= 0.2
S
o
=
§ 0.15
2 1 mesiac
=
> 0.1 3 mesiace
2 6 mesiacov
2 0.05
o

1 2 3 - 5 6 7

Cislo rozdielu dvojice indexov

Graf 3. Priemerny absolttny rozdiel medzi dvojicami indexov s odliSnou
metédou vypoctu potencialnej evapotranspiracie.

DISCUSSION AND CONCLUSIONS

V tejto praci sme analyzovali ako sa zmeni hodnota indexu SPEI pri zmene Statistického
rozdelenia rozdielu zrazok a PET, zmene referen¢ného obdobia indexu, ¢i zmene metodiky
vypoctu PET vstupujucej do indexu. Absolutne odchylky medzi indexami, ktoré sa lisili iba v
skimanom parametri poukazuji, Ze zmena indexu pri zmene jedného z uvedenych
parametrov moze byt vicsia nez 0,5, ¢im sa podla kategorizacie indexu SPEI (Tabul'ka 2)
modze dané obdobie preradit’ do inej vlhkostnej kategorie.

Zo skiimanych parametrov sme najvac¢sie zmeny indexu spozorovali pri zmene referenéného
obdobia indexu (najmé pri kratSich referencnych obdobiach a referenénych obdobiach, ktoré
nemaji vzajomny prekryv rokov). Priemerna absolitna odchylka pri zmene referencného
obdobia sa pohybovala na urovni 0,2. Pri zmene metddy vypoctu PET boli hodnoty
priemernej absolutnej odchylky 0,13. NajmenSiu zmenu priniesla zmena Statistického
rozdelenia rozdielu zrazok a PET: 0,06.

Napriek malej zmene indexu pri zmene pouzitého Statistického rozdelenia je pri zmene tohto
prvku potrebna hlbSia analyza vhodnosti jednotlivych Statistickych rozdeleni. Pri Studiu
literatury sme sa totiz stretli napriklad s tvrdenim, Ze pri pouziti GEV rozdelenia sa vyskytol
vacsi pocet pripadov, kedy model nedokazal na zaklade vstupnych podmienok vypocitat
parametre zvolen¢ho rozdelenia v porovani s log-logistickym rozdeleni, kedy sa takéto
pripady vyskytli iba zriedkavo, pripadne sa nevyskytli vobec (Vicente-Serrano, Begueria
2016). Okrem toho, niektori autori uvadzaja, ze pri pouziti GEV rozdelenia sa extrémne
hodnoty indexov s neredlne vysokymi navratovymi hodnotami indexov vyskytuju CastejSie
nez pri pouziti log-logistického rozdelenia (Vicente-Serrano, Begueria 2016).

Rovnaku analyzu rozdielov medzi indexami sme vykonali aj pre stanice KoSice-letisko a
Kralova pri Senci. Vysledky tykajice sa tychto dvoch stanic sa zhoduju s nasSimi vysledkami
na stanici BeluSa. Pri vSetkych troch staniciach bolo rovnaké poradie vplyvu zmeny
parametrov na vel'kost’ indexu a tiez aj priblizne rovnaké hodnoty priemernych absolutnych
odchylok pri vSetkych 3 Castiach ulohy (a, b a c).

Nasa analyza tiez ukazala, ze pouzitie 20 rocného referencného obdobia vedie k vicsej
nepresnosti indexu, najmé v oblasti extrémnych hodnét. Odporti¢ame preto pouzivat’ dlhsie
referen¢né obdobie.

240



Electronic book
Interdisciplinary Approach in Current Hydrological Research

Acknowledgements

Tato publikacia vznikla vd’aka podpore v ramci Operaéného programu Integrovana
infrastruktira pre projekt: ,,Udajova a vedomostna podpora pre systémy rozhodovania a
strategického planovania v oblasti adaptacie pol'nohospodarskej krajiny na klimatické zmeny
a minimalizaciu degradacie pol'nohospodarskych pod“ (kod ITMS2014+ 313011W580),
spolufinancovany zo zdrojov Europskeho fondu regionalneho rozvoja.

Tato praca bola podporend Agentirou na podporu vyskumu a vyvoja v ramci projektu ¢.
APVV-20-0374.

REFERENCES

Allen, R.G., Pereira, L.S., Raes, D., Smith, M. (1998): Crop evapotranspiration-Guidelines for computing crop
water requirements. FAO Irrigation and drainage paper [online]. p.300. Available from:
http://www.fao.org/3/X0490E/X0490E00.htm.

Begueria, S., Vicente-Serrano, S.M., Reig, F., Latorre, B. (2014): Standardized precipitation evapotranspiration
index (SPEI) revisited: Parameter fitting, evapotranspiration models, tools, datasets and drought
monitoring. International Journal of Climatology [online]. 1 August 2014. Vol. 34, no. 10, p. 3001-
3023. Available from: http://doi.wiley.com/10.1002/joc.3887

Gudmundsson, L., Stagge, J.H. (2016): SCI: Standardized Climate Indices Such as SPI, SRI or SPEI [online].
package version 1.0-2. Available from: https://cran.r-project.org/package=SCI.

SHMU (2015): Klimaticky atlas Slovenska. Bratislava: Slovensky hydrometeorologicky tstav. ISBN 978-80-
88907-90-9.

Stagge, J.H., Tallaksen, L.M., Gudmundsson, L., Van Loon, A.F., Stahl, K. (2015): Candidate Distributions for
Climatological Drought Indices (SPI and SPEI). International Journal of Climatology [online].
Available from: https://rmets.onlinelibrary.wiley.com/doi/pdf/10.1002/joc.4267.

Stagge, J.H., Tallaksen, L.M., Gudmundsson, L., Van Loon, A.F., Stahl, K. (2016): Response to comment on
“Candidate Distributions for Climatological Drought Indices (SPI and SPEI).” International Journal of
Climatology. Vol. 36, no. 4, p. 2132-2138. DOI 10.1002/joc.4564.

Svoboda, M.D., Fuchs, B.A. (2016): Handbook of drought indicators and indices. Geneva: World
Meteorological Organization. ISBN 978-92-63-11173-9.

Vicente-Serrano, S.M.., Begueria, S. (2016): Comment on ‘Candidate distributions for climatological drought
indices (SPI and SPEI)’ by James H. Stagge et al. International Journal of Climatology [online]. 30
March 2016. Vol. 36, no. 4, p. 2120-2131. Available from: http://doi.wiley.com/10.1002/joc.447.

Vicente-Serrano, S.M.., Begueria, S., Lopez-Moreno, J.I. (2010): A multiscalar drought index sensitive to global
warming: The standardized precipitation evapotranspiration index. Journal of Climate [online]. Vol. 23,
no. 7, p. 1696-1718. Available from: https://journals.ametsoc.org/doi/pdf/10.1175/2009JCL12909.1.

241



38538

9 T8a0as




