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 Abstract: The paper focuses on future changes in the short-term rainfall intensities in the 
western region of Slovakia. The analysis was performed for 4 climatological stations, namely: 
Malacky, Myjava, Vrbovce and Šaštín. The short-term rainfall intensity data from the community 
land model that is a regional climate model were used in durations of 60 to 1440 minutes for a 
warm period. The focus was aimed at comparing changes in rainfall characteristics, especially 
changes in the seasonality and trends and changes in the scaling exponents and design values. 
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1. Introduction 

 The western part of Slovakia is often affected in the summer time by short-term 
rainfall; these rainfall events have short durations and high intensities, causing great 
economic damage and damage to human property. The rainfall is also a threat to human 
life. The largest problem in the region is soil erosion caused by water. The flash floods 
caused by intensive rainfall transport a lot of sediment into urban areas. To deal with 
this problem the design of measures for soil erosion control and an assessment of their 
effect on the reduction of peak flows [1] study was addressed. In recent decades flash 
floods caused by intensive rainfall have become one of the most frequent natural 
hazards in Europe. This is reflected in the huge numbers of studies that deal with 
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extreme precipitation, flash floods, and flood protection, e.g. an investigation of the 
hydraulic regime in the middle part of the Loire River within the context of floods and 
low flow events [2], a case study in the region of Calabria (Italy), flash floods in urban 
areas [3], a regional frequency analysis of sub-daily extreme precipitation in the UK 
along with an assessment of their seasonality [4], and the impact of extreme rainfall and 
flash floods on the flood risk management process and geomorphological changes in the 
small Carpathian catchments that involved a case study of the Kasiniczanka river (Outer 
Carpathians, Poland) [5]. 
 Assessing the changes in seasonality is the first part of this study. These changes 
belong among the main characteristics of short-term rainfall and describe the occurrence 
of maximal rainfall events. For this reason it is necessary to know in which part of the 
year or season maximal events occur and what could be future changes in the 
seasonality of short-term rainfall. There are several studies analyzing seasonality, e.g. 
the detection of future changes in seasonality in extreme short-term rainfall in selected 
stations of Slovakia [6], and an analysis of changes in the magnitude, frequency, and 
seasonality of heavy precipitation over the contiguous USA [7]. Attention has also been 
paid to trend testing in time series. Trends are showing changes in the future, which 
have recently attracted attention; this is reflected in the huge number of studies that deal 
with assessments of the types and significance of changes in trends in variations in 
natural time series, i.e. temperature, precipitation, flow, evaporation etc. Examples of 
the studies include analyses of rainfall intensities in Slovakia [8] and analyses of future 
changes in the trends and scaling coefficients for short-term rainfall in southwestern 
Slovakia [9]. An evaluation of the design values of rainfall intensities is also one of the 
most important parts of the assessment of future changes. The design values of rainfall 
are derived by a scaling exponent that uses a simple scaling method. The method is used 
in order to derive the characteristics for rainfall events with a shorter duration than one 
day from the usual daily time series. The scaling exponents and properties have also 
been examined in several studies, e.g. on the use of the simple scaling of heavy rainfall 
in a regional estimation of Intensity, Duration and Frequency (IDF) curves in Slovakia 
[10], and the scaling of short-term rainfall intensities in Slovakia [11]. Predicting 
changes in rainfall characteristics is important for the future in order to prevent damage 
to human property and lives.  

2. SRES scenarios 

 The Special Report on Emissions Scenarios (SRES) contained scenarios that have 
been developed for a description of the relationships between emission driving forces 
and their evolution to climate change at the end of the 21st century. The report was 
created by the Intergovernmental Panel on Climate Change (IPCC) [12]. The driving 
forces of emission are demographic developments, socio-economic developments, 
technological change, and environmental development. The development of these 
driving forces is very uncertain. For this reason, the IPCC created four narrative 
storylines. Each storyline represents different developments in driving forces. The 
developments may be viewed as positive or negative. These four narrative sets or 
families are called the A1, A2, B1 and B2 storylines are presented in Fig. 1. The A1 
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storyline describes a world with very rapid economic growth; the peak of the global 
population will be reached by the middle of the century, and new and efficient 
technologies will be rapidly introduced. The A1 scenarios have three subgroups that 
describe the alternative technological changes in the energy system. The subgroups are 
A1FI: fossil intensive energy sources, A1T: non-fossil energy sources, and A1B: a 
balance across all the sources. The A2 storyline describes a very heterogeneous world. 
The global population is growing continuously; economic development is regionally 
oriented; and technological change is fragmented and slower than in the other 
storylines. The B1 storyline describes the same population growth as in the A1 
storylines. The difference is in rapid economic growth with reductions in materials and 
the introduction of clean and resource-efficient technologies. The emphasis is on global 
solutions in the economy and social and environmental sustainability but without any 
initiatives in the climatic field. The B2 storylines describe a world with an emphasis on 
local solutions for economic, social, and environmental sustainability. The rate of 
increase of the global population is lower than in the A2 storyline, but it has 
intermediate economic development levels and more diverse technological changes than 
in the A1 and B1 storylines. The storylines are also oriented towards environmental 
protection and social justness with a focus on the local and regional levels [12]. 

 

Fig. 1. Storyline Schemes of the SRES Scenarios 

3. Methodology 

 Several methods have been used in this paper for the detection of changes in rainfall 
characteristics. For estimating seasonality changes, the Burn’s vector method was used. 
For estimating trends, the Mann-Kendall trend test was applied. The scaling exponents 
were derived using the simple scaling method.  
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3.1. Seasonality changes using the Burn’s vector method 

 Burn’s vector method [13] is used to estimate seasonality; the method is often used 
to estimate the occurrence of extreme seasonal phenomena. This method describes the 
variability of the date when the maximum rainfall occurs, so that the direction of the 
vector corresponds to the expected day of the occurrence during the year, while its 
length describes the variability around the expected date of the occurrence. The date of 
occurrence (D) represents the average position of an event that is plotted in polar 
coordinates per unit circle. First, the vector orientation to indicate when the maximum 
value for the given year occurred was calculated. The position of the event’s occurrence 
is shown in a unit circle by an angle we define as: 
 The date of occurrence Di of the extreme event in the angular value θi: 

365
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θ ii D= . (1) 
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The orientation of the Burn’s vector θ is calculated as: 
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The seasonal concentration index r can be calculated as: 

22 yxr += . (5) 

 The orientation of the vector can have a value from 0, which corresponds with the 1st 
of January to 2π, which corresponds with the 31st of December. The seasonal 
concentration index can have a value between 0 and 1; 0 means that the occurrences are 
uniformly distributed throughout the year, while the 1 means that the occurrence 
happens every year on the same date. The results are interpreted in the Burn´s diagrams. 

3.2. Mann-Kendall trend test 

 The purpose of the Mann-Kendall test is to statistically assess the statistical 
significance of an ascending or descending trend in a selected value over time. The 
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significance of the rising or decreasing trend means that the variable constantly 
increases or decreases over time, but the trend may or may not be linear. The Mann-
Kendall test examines the rejection of the zero hypothesis (H0) and the acceptance of an 
alternative hypothesis (Ha), where H0 equals a non-monotonous trend, and Ha is a 
monotonous trend [14], [15]. 
 The initial assumption for a Mann-Kendall trend is that H0 is correct or that the data 
must be valid before H0 is rejected and Ha received. The calculation is determined by 
the formula: 
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where S is the testing statistic; xj is the sequential data value; and n is the length of the 
time series. The Mann-Kendall ZMK standardized test statistics can be given by: 
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where ZMK = 0 represents the not-existing trend, while ZMK > 0 means the increasing and 
ZMK < 0 the decreasing trend. 

3.3. Simple scaling 

 A simple scaling method is used to process rainfall data for a period of time shorter 
than one day. Simple scaling determines the design values for duration shorter than one 
day and for a selected time period by using daily rainfall records that are commonly 
available. Applying simple scaling to the relationship between the IDF properties of the 
precipitation is possible. Determining the scaling properties of precipitation is based on 
the general shape of the following IDF formula [16]: 

( )
( )db

Ta
i = , (8) 

where i is the rainfall intensity; a(T) is the return period function T; and b(d) is the 
duration function of the rain given by the formula: 

( ) ( )ηθ+= ddb , (9) 

where θ, η are parameters (determined by the estimation θ > 0, 0 < η < 1). 
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 Simple scaling for the scaling of the statistical moments was applied in this paper. 
The scaling exponents could be estimated with a linear regression from the slope 
between the logarithmic moment values and the scaling parameters for the different 
order of the moments. If there is a linear dependence between the scaling exponent and 
the moment order, it is a scaling exponent of the first order. This property is referred to 
as ‘wide sense simple scaling’. The following formula is used for deriving the scaling 
coefficients [17]: 

[ ] [ ]n
d

n
d

IEIE nβ
λ λ= , (10) 

where Id  is the maximal mean precipitation intensity with d return period; λ is scaling 
parameter; βn = nβ represents the scaling exponent of the n-th order. 

4. Data analysis 

 The data used in the analysis was created by Climate Land Model (CLM) simulation 
and were provided by Dr. Martin Gera of Comenius University, Bratislava. The 
Regional Climate Scenario (RCM) used consists of rainfall intensities for two time 
periods for the past period (1960-2000) and for the future period (2070-2100). The 
analysis was made for durations from 60 minutes up to 1440 minutes. The RCM 
scenario selected for the simulation of the climate was the SRES A1B scenario, which is 
a semi-pessimistic scenario with an increase in the global temperature of about 2.9°C by 
the year 2100. This scenario relates well to the current processes in the atmosphere. The 
boundary conditions were from European Centre Hamburg Model 5/Max Planck 
Institute Ocean Model (ECHAM5/MPIOM) with 6-hour intervals.  
 The area of interest is located in the western part of Slovakia in the region of the 
Záhorská nížina Lowlands (Fig. 2). 

 

Fig. 2. Location of the selected climatological station  
in the Climatological Station Network of Slovakia 



 FUTURE CHANGES IN SHORT-TERM RAINFALL INTENSITIES 147 

Pollack Periodica 14, 2019, 3 

5. Results 

 The first step in the study was to analyze the seasonality changes as described in the 
methodology for the analysis of future changes in the occurrence of rainfall maxima. 
The results were presented in the Burn’s diagrams (Fig. 3). The extremes occurred in 
July and August. The actual measured data showed the occurrence of the maximal 
events at the Myjava station in the first half of July for precipitation duration of 60 
minutes. The scenario shows the occurrence in the second half of July and the first half 
of August for the historical period. In a comparison of the stations, the scenario shows 
movement for the future at an earlier time in the year, especially in the first half of July. 
In the durations of 120, 180, and 240 minutes, the actual measured data showed the 
occurrence at the Myjava station for the second half of July. The CLM simulation 
shows similar results as in the 60-minute duration in the first half of August. For the 
future period the simulation shows the same tendency of the occurrence of the maxima 
as the actual observation shows at the Myjava station. In the duration of 1440 minutes, 
the simulation has the lowest differences between the simulated historical and future 
periods, i.e. the occurrence of the rainfall maximal events was found in the second half 
of July and at the beginning of August. For the future period there is a small change in 
the maxima of the 1440-minute rainfall occurrence. The results are shown in Fig. 3. 

 

Fig. 3. Burn’s diagram for 60 min. duration 

 The next step was to analyze the changes in the precipitation trends at the stations 
for the historical and future periods. The analysis does not show significant trends at the 
90% level of significance. For the Myjava station, the results were compared with the 
actual measured data. The results show that in the historical period, the increasing 
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predominant trend was only in the 1440-minute precipitation duration, which is the 
opposite of what the actual measured data shows. In the other durations the decreasing 
trend is prevailing for the station. The results are presented in Table I. 

Table I 

Behavior of trends for the historical period at all the stations 

Hist 60 min. 120 min. 180 min. 240 min. 1440 min. 
Myjava (actual) - - - + - 

Myjava - - + + + 
Malacky - - - - + 

Šaštín - + - - + 
Vrbovce - - - - + 

 For the future period the increasing trends are prevailing in the durations of 60 to 
180 minutes. The increasing trends prevail for all the stations in the duration of 60 
minutes. For the durations of 240 and 1440 minutes, the decreasing trend is prevailing 
for most of the stations. The results are presented in Table II. 

Table II 

Behavior of trends for the future period at all the stations 

Future 60 120 180 240 1440 
Myjava (actual) - - - + - 

Myjava + - + - - 
Malacky + + + + + 

Šaštín + - - - - 
Vrbovce + + + - - 

 The final step was to evaluate the changes in the values of the design rainfall. To 
derive the design values of the rainfall, the scaling exponents were used. The results 
from the simple scaling are shown in Table III. The scaling exponent values have 
increasing tendency for the future at all the stations, except for the Malacky station, 
where the scaling exponent has a lower value for the future.  

Table III 

Scaling exponents for the stations analyzed for the historical and future periods 

Station Scaling exponent (historic) Scaling exponent   (future) 
Myjava (actual) 0.8372 

Myjava 0.5822 0.6525 
Malacky 0.7313 0.6393 

Šaštín 0.6649 0.7098 
Vrbovce 0.6120 0.7465 

 From the design rainfall values derived, the increasing tendency in the values is 
visible. The largest difference between the historical and future periods is at the Šaštín 
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and Myjava stations. The lowest difference is at the Malacky station. The results are 
presented in Fig. 4-Fig. 7 by the IDF curves. 

 

Fig. 4. Intensity - duration curves of precipitation for the Šaštín station analyzed for historical and  
future periods for a return period of 100 years 

 

Fig. 5. Intensity - duration curves of precipitation for the Malacky station analyzed  
for historical and future periods for a return period of 100 years 
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Fig. 6. Intensity - duration curves of precipitation for the Vrbovce station analyzed  
for historical and future periods for a return period of 100 years 

 

Fig. 7. Intensity - duration curves of precipitation for Myjava station analyzed  
for historical, actual and future periods for a return period of 100 years 
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6. Conclusion 

 This study presents the results of an analysis of the future changes in the short-term 
rainfall characteristics in the Záhorská nížina Lowland. The analysis was performed 
using the CLM regional climate scenario data. The main focus was on the changes in 
the seasonality, trend and design values of the short-term rainfall. The Záhorská nížina 
Lowland are situated in the western part of Slovakia; four stations were selected, 
namely, Malacky, Šaštín, Vrbovce and Myjava for the analysis.  
 The analysis begins with an evaluation of the changes in the seasonality of the 
occurrence of maximal rainfall events. For the actual measurements for the Myjava 
station, they occur in the second half of July in all the durations. The scenario shows 
that for the historical period, the occurrence was in the first half of August for all the 
stations. For the future period, the scenario predicts the occurrence of the rainfall 
maxima events similarly to the actual measured data at the Myjava station for the 
second half of July. In the comparison with the historical period, it is a shift to an earlier 
date. 
 The trend analysis showed that in the historical period, the decreasing trend prevails 
for most of the stations. Also, for the historical period, the increasing trend was found in 
the 1440-minute duration for all the stations. However, for the future period, the 
increasing trend prevails for the climatological stations for short durations of rainfall. 
For the 1440-minute duration, decreasing trends were found in the majority of the 
climatological stations at a 90 % level of significance. 
 The scaling exponents derived also showed an increasing tendency for the future 
period, which was reflected in the design rainfall values. The largest differences 
between the historical and future periods were at the Šaštín and Myjava stations, and the 
lowest differences were at the Vrbovce and Malacky stations. For the Myjava 
climatological station, the actual measured data were available; in this case the scenario 
shows lower values than the actual measurements show. That is caused by the short 
period of measurement, with the occurrence of extreme precipitation events during the 
measurement, but for the duration longer than 200 minutes, the values of the actual 
measurements and scenario values are close to each other. The findings show the 
necessity of recalculating the design values of short-term rainfall intensities for the 
design of the water management and water structures in the area. 
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