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Abstract: The aim of this paper is the application of temporal analysis of daily and 10 min of rainfall
data from Poprad station, located in Eastern Slovakia. There are two types of data used in the analysis,
firstly, a daily time step data, manually collected between the years 1951 and 2018 and secondly,
10 min of data, automatically collected between the years 2000 and 2018. For proper comparability,
the automatically collected data has been recalculated to the daily form. After a comparison of the
sets of data, manually collected daily data has been used in further analysis. The main analysis can
be divided into two sections. The first section consists of basic statistics (mean, standard deviation,
etc.) and the second section of descriptive statistics, where the subjects of examination were trend,
stationarity, homogeneity, periodicity and noise. The results of the basic statistics outlined trend
behavior in the data meaning that the annual total rainfall for the period 1951-2018 is slightly
increasing but the further investigation supported by the methods of descriptive statistics refuted this
thesis. The number of rainy days is decreasing but maximum rainfall intensity is increasing year
by year, indicating that total rainfall is happening in lesser and lesser days, with an increase in the
number of 0 rainfall days. The results demonstrated no presence of the trend or only a weak trend in
daily time step, but a significant increasing trend in annual rainfall. Tests of stationarity proved that
the data are stationary and, therefore, suitable for any hydrologic analysis. The tests of homogeneity
showed no breakpoints in the data. The interesting result was demonstrated by the periodicity test,
which showed exactly a 365.25 days’ period, while 0.25 indicates a leap year. As a summary for
the Poprad station, there is no tendency of increasing of daily average rainfall, but slight increasing
trend of total annual rainfall, the summer season has the highest ratio on total precipitation per year,
September and October are the months with the highest numbers of days without rain.

Keywords: temporal analysis; rainfall; periodicity; trend analysis; stationarity test; homogeneous
test; noise

1. Introduction

One of the most important aspects of climate that requires detailed investigation is the time
distribution of rainfall and its historical changes. Intensity, volume and occurrence of rainfall
tremendously influence human life, which we can witness in every part of the world. The analysis
of rainfall is, therefore, crucial for securing the safety and comfort of billions of people. Hydrologic
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processes, including rainfall, are known as stochastic processes. It means that they evolve in space and
time in a manner that is partly predictable, or deterministic and partly random [1].

The rainfall and other hydrologic parameters are characterized for their variability in time and
space. There are many ways to analyze the variability, for example, by examining trend, stationarity,
homogeneity, periodicity or noise [2,3]. Long-term rainfall data presents time series, which means a
series of data points indexed in time order.

Numerous studies on precipitation variability have been undertaken all over the world using
various statistical procedures [3-7]. A significant decrease in the number of rainy days and a significant
increase in precipitation intensity values have been identified in many places in the world. Afzal
et al. in their work analyzed rainfall data from 28 stations in Scotland with a duration of observations
from 30 to 80 years. The findings reveal that the increasing trend in rainfall amounts reported by
many authors have not been temporally continuous. Significant trends were observed in the number
of annual dry days and the annual maximum dry period length across Scotland which means that
time distribution of precipitation over the year has changed [8]. Similar results are presented by
Gong et al., where a slightly decreasing trend in daily precipitation from 1956 to 2000 in Northern
China was observed. On the other hand, a significant decrease in the number of rainy days and
increasing in rainfall events with high intensity were observed. Increasing rainfall intensity is also
documented [9]. Croitoru et al. focused on changes in precipitation extremes in Romania over a period
of 53 years. Generally, the climate of Romania has become wetter, but there is a decrease in the total
number of precipitation days, and a dominant increasing trend for the number of days with heavy
precipitation [10]. Keggenhoff et al. proved that the contribution of very heavy and extremely heavy
precipitation to total precipitation increased between 1971 and 2010, whereas the number of wet days
decreases in Georgia [11]. Caloiero et al. presented an analysis of daily rainfall categories over a
region of southern Italy using a set of daily homogenous precipitation series for the years 1916-2006.
They considered six daily rainfall categories. Trend analysis showed a decreasing trend of the higher
categories and an increasing trend of the weaker categories [12]. The analysis of daily rainfall in central
Andes of Peru indicates that low-intensity events account for 38% of rainy days but only approximately
9% of the total rain amount. In contrast, high-intensity events account for 35% of rainy days and
approximately 71% of the total rain amount [13].

In Slovakia, not many researchers are working in the field of statistical analysis of rainfall data.
The analysis of time series of daily precipitation, at selected places in the highest part of Western
Carpathians, presents results of the precipitation data for the period 1961-2010. A significant increase
in the number of days with daily precipitation in the 40-60 mm range was revealed [14]. Gaal et al.
used the region-of-influence (ROI) method for the frequency modeling of heavy precipitation events
in Slovakia, where Slovakia was divided into three regions based on the conditions of rainfall [15].
Bara et al. applied the simple scaling theory to the intensity—duration—frequency (IDF) characteristics
of short-duration rainfall with a duration from 5 to 180 min [16]. The most detailed research with
short-term rainfall was done in 1973. They analyzed calculated rainfall intensities for 68 stations in
Slovakia, with different durations and periodicity. The results of their research are still used in water
management in Slovakia, especially during the process of designing water structures (sewage systems,
flood control structures, etc.) [17].

Statistical analysis of rainfall data significantly influences engineering practice. Rainfall is the
main parameter, which is used, for example, in designing drainage systems, so it is very important
to know the features of rainfall in the affected territory [18]. Rainfall data collected regularly from
the measuring station presents the time series. The main objective of the time series analysis is to
understand the variation of hydrological parameters with time from the past [19]. The basic parameter
of time series is the trend, which is a long-term change in the mean level [20]. The trend can be
estimated using the Mann—Kendall (MK) test, Sen’s slope test, Spearman’s rank correlation coefficient
or Pearson correlation coefficient methods. Time series are stationary, when there is no systematic
change in mean and variance [21]. Many methods can be used for stationarity testing: ADF test,
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Phillips—Perron test, KPSS test. Homogeneity analysis can be also used for detecting variation in
rainfall [22]. Homogeneity in time series can be analyzed e.g., using standard normal homogeneity
(SNH) test, Buishand range, Pettitt test and von Neumann ratio test [23].

The aim of the study is to analyze the temporal variations of rainfall data for the selected station,
namely Poprad in Slovakia. This paper presents a detailed statistical analysis of observed daily rainfall
time series from 1951 to 2018 and daily data calculated from 10 min interval for the period 2000-2018.

2. Materials and Methods

2.1. Study Area

Slovakia is located in central Europe with a geographical area of 49,035 km?. The topographic
patterns throughout Slovakia are very diverse. The relief declines from the Greater Carpathian range
in the north, with an elevation and range up to 2650 m to lowlands in the eastern and western parts of
Slovakia with the lowest altitude around 100 m. Poprad is a town located in the north part of Slovakia,
in a mountainous area close to the Tatra mountains. The location of Poprad in Europe and in Slovakia
is shown in Figure 1. Poprad lays in the river Poprad basin at an altitude of 672 m above the sea
level with global coordinates of 49°03’24” N and 20°17’51"” E. The territory of Slovakia belongs to the
northern temperate climate zone with a regular change of four seasons and variable weather with
a relatively even distribution of precipitation during the year. The average annual temperature in
Poprad is around 8 °C and the average annual rainfall is around 700 mm. The climate in Poprad is
slightly affected by High the Tatras mountains and the altitude of the city.

Figure 1. Location of Poprad in Slovak republic.

2.2. Input Data

For statistical analysis of daily rainfall in the Poprad station, two temporal datasets were used.
The first consists of manually recorded daily rainfall data from 1951 to 2018. These data are from an
ombrometer, where it was manually recorded every day at 7 a.m. for a period of 67 y. The time series
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of the recorded daily rainfall data from 1951 to 2018 are shown in Figure 2. The second set of data
is daily data, which was derived from automatically recorded 10 min data for the period 2000-2018.
Time series of recorded daily rainfall data derived from 10 min of data for the period 2000-2018 is
shown in Figure 3. These two types of data were used because of their different ways of obtaining, both
of which refer to daily precipitation totals. The main goal of the study is a statistical analysis of daily
precipitation totals, but a partial result is the comparison of these two types of data. All these data were
provided by Slovak hydrometeorological institute (SHMI), and it is necessary to note that for both time
series there were no missing data. The differences between these two datasets are the data collection
method (manually vs. automatically) and observation length (67 vs. 18 y). The complex analysis
includes basic statistics, trend, stationarity, homogeneity, periodicity and noise for the short-term
time series.
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Figure 2. Daily rainfall time series (recorded): 67 y.
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Figure 3. Daily rainfall time series: developed (calculated) from 10 min to 18 y.
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2.3. Descriptive and Statistical Analysis

The first task was the comparison of both rainfall time series. Even though the process is the same
due to the different ways of data collection there may be some errors in the magnitude; these errors
need to be first checked in the time series. The comparison of these time series is shown in Figure 4,
and differences are described in the following sections. The data were compared only for the common
time period that is from 1 January 2000 to 31 December 2018.

Daily data Daily data
(manually recorded) (automatically recorded)
1951-2018 2000-2018
. - Descriptive
Basic statistics .
statistics
| ' ‘ v }
A 4 Trend Stationarity Homogeneity P(Zgzgtltr:;tly Noise
Mean (average) analysis)
Standard lJ
deviation l l 1. Box Pierce
Skewness 1. Pettit test 2. Ljung-Box
1. Mann Kendall
Kurtosis 1. ADF test 2. SNH test 3. McLeod-Li
2.Sen’s slope -
Maximum 2. Phillips-Perron 3. Buishand's 4. Fisher’s kappa
3. Spearman’s
Number of 0 rank correlation 3. KPSS test 4.Von Neumann 5. Bartlett's
ratio Kolmogorov-
Percentage of 0 Smirnov

Figure 4. Flow chart of methodology used in the study (modified according to Drissia et al., 2018 [2]).

As is visible from Figure 4, we can see a strong dependency between data in the scatter plot,
except for a few days, which is proved also by the Pearson correlation coefficient in the next section.
From 10 min of data, the daily data were calculated. Because the manually recorded data are showing
the rainfall amount for one day from the time period from 7 a.m. to 7 a.m. the next day, the same we
did with the 10 min of data. Daily data were compared by graphic visualization and by using the
Pearson correlation coefficient.

Secondly, the temporal variation in the rainfall data time series was analyzed using a series of
statistical tests of trend, stationarity, homogeneity, periodicity and noise. The methodology and types
of tests used to analyze the temporal variation of Poprad rainfall in the present study are shown in
Figure 4.

As shown in Figure 4, the statistical analysis was divided into basic statistics and descriptive
statistics. Basic statistics consist of the mean (average), standard deviation, skewness, kurtosis,
maximum, number of zeroes and percentage of zeroes, which presents the number of days without
rainfall. Descriptive statistics consist of trend analysis, stationarity, homogeneity, periodicity and
noise tests. The trend in the time series is estimated using the Mann—-Kendall (MK) test [24], Sen’s
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slope [25] and Spearman’s rank correlation [26]. The results of the trend analysis show the general
trend in time series, but for the behavior of the mean and variance in time there are stationarity tests.
The stationarity of time series was tested by the ADF test [27], Phillips—Perron test [28] and KPSS
test [29]. Homogeneity tests also indicate the variations in the time series and also give the breakpoint
where changes happened in time series. Homogeneity tests used in the present study are the Pettit
test [30], SNH test [31], Buishand’s test [32], Von Neumann ratio [33]. For determining white noise
in time series, Box—Pierce [34], Ljung-Box [35], McLeod-Li [36], Fisher’s kappa [37] and Bartlett’s
Kolmogorov-Smirnov [38] tests are used. For determining the periodicity of time series, spectral
analysis was used. The periodic behavior of a time series is observed by utilizing the sine wave
function of a time series. The periodicity that gives the strength of the time series at a given frequency
is presented by periodogram. The peak value of the periodogram is the dominant frequency [39].
All the tests were carried out at a 5% significance level. In all the tests, p-value is calculated, and if the
p-value is less than 0.05 (5% significance level), then the null hypothesis is rejected, and the alternative
hypothesis is accepted.

3. Results and Discussion

The first task was the comparison of both rainfall time series. Even though the process is the same
due to the different ways of data collection there may be some errors in the magnitude, these errors
need to be first checked in the time series. The comparison of these time series is shown in Figure 5
and differences are described in the following sections. The data were compared only for the common
time period that is from 1 January 2000 to 31 December 2018.
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Figure 5. Relation between time series.

As it is visible from Figure 5, we can see a strong dependency between data in the scatter plot,
except for a few days, which is proved also by the Pearson correlation coefficient in the next section.
From 10 min of data, the daily data were calculated. Because the manually recorded data are showing
the rainfall amount for one day from the time period from 7 a.m. to 7 a.m. the next day, the same we
did with the 10 min of data. Daily data were compared by graphic visualization and by using the
Pearson correlation coefficient.

Only a small difference between automatically and manually recorded data is expected, which
may sometimes lead to erroneous behavior in the long-term that may be also inferred as noise in the
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data. Both time series look very similar with small deviations and the Pearson correlation coefficient is
0.973. It means that there is a strong correlation between these two time series. The analysis of all the
three rainfall series is shown in Table 1.

Table 1. Differences between time series.

Daily Data Developed
Daily Data: Manually from Automatically Daily Data: Manually
Recorded (2000-2018) Recorded 10 Min of Recorded (1951-2018)
Data (2000-2018)
Total of rainfall (in mm) 12,452.8 11,252.6 40,924.3
Average daily rainfall (in mm) 1.8 1.6 1.6
Average annual rainfall (in mm) 655.4 592.2 601.8
Maximum daily rainfall (in mm) 65.0 69.3 79.3
Pearson correlation coefficient 0.9732 -

The time series of rainfall at Poprad station are similar in characteristics, which is obvious from
the correlation of both time series and also from graphic visualization of time series. There are only
small differences (total of rainfall, or maximum rainfall), but it is based on different manners in the
collection of the data. For further analysis, manually recorded rainfall data time series was chosen.
It is because of the length of the time series.

3.1. Basic Statistical Analysis

The statistical analysis (basic statistics and descriptive statistics) were first carried out for manually
recorded daily rainfall data from 1.1.1951 to 31.12.2018 in Poprad, and then for calculated rainfall series.
The results of these analyses are described below. The average daily rainfall in Poprad from 1951 to
2018 is 1.6 mm/d, the maximum daily rainfall was 79.3 mm/d on 28.8.1996. The highest daily rainfall in
Poprad is during the summer season in June, July and August (average 2.689 mm/d). On the other
hand, the lowest rainfall is in the winter season, especially from January to March (average 0.89 mm/d).
Time distribution of daily rainfall during the year is shown in Figure 6 where is presented annual
average (mean) and standard deviation of daily rainfall in Poprad station for the evaluated period
(1951-2018).

14
134
12 4
114
104
94
g
7]
6 -
5 ]
4] '

mainegL

0

Average Rainfall (mm)
Standard Deviation (mm)

Observed Rainfall (mm)

T T 1 T
o o o o o
] © [&]
o~

120
150
180
210
270
300
330
360

Days from 1 Jan to 31 Dec

Figure 6. Annual average and standard deviation of daily rainfall.
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In the next figures, the properties (such as average, standard deviation, number of days without
rainfall presented by number and percentage of days without rainfall, or maximum rainfall) of time
series are shown. In Figure 7, average daily rainfall (mean) and standard deviation of daily rainfall in
Poprad station for the last 68 years (1951 to 2018) is reported.
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Figure 7. Mean and standard deviation of daily rainfall from 1951 to 2018.

The figure shows that there is slight increasing trend in the average daily rainfall over the past
68 years. The highest average daily rainfall was in 2010 and it was 2.73 mm/d. On the other hand,
the lowest average daily rainfall was in 1986 and it was 1.13 mm/d, which is less than half of the
maximum in 2010. Average daily rainfall for the entire observation period is 1.8 mm/d. These results
show that the average daily rainfall for the last 68 years is constant, without any major changes and
still oscillates around 1.8 mm/d.

The occurrence of dry days during one year for the observed period is shown in Figure 8 and
is expressed by number and percentage of days without rainfall for the same day in the year for the
range of the years 1951-2018.

The results show that the minimum dry days occur in May and June, while the highest number of
days without rainfall occur in August and September. The Figure 8 shows the time distribution of
days without rainfall over the one year.
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Figure 8. Average number and percentage of days without rainfall during the year.

The average number of days without rainfall (dry days) and rainy days for each year from 1951 to
2018 are visible in Figure 9. The trend of rainy and non-rainy days is also plotted in Figure 9. It is clear
that the number of dry days per year varies significantly from 180 to 240 d. The chart shows that the
number of days without rain that occurs in the year is increasing. In conjunction with the increase
in the total annual rainfall and the constant average daily rainfall, this means an increase in extreme
precipitation events, as a larger annual rainfall is divided into fewer rainy days, while all are more
intense. This conclusion is also shown in Figure 10, which shows the increasing trend of maximum
daily precipitation for each year over the reporting period.
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Figure 9. Number of days without rainfall for each year from 1951 to 2018.
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Figure 10. Maximum of daily rainfall for each year from 1951 to 2018.

It is further confirmed through annual rainfall shown in Figure 11. Overall, the average daily
rainfall is showing a significant increasing trend, with a decreasing trend in the number of rainy
days and a significant increasing trend in annual rainfall. However, this pictorial analysis has to be
confirmed with a statistical method of trend analysis and is discussed in the following section.

1100
{1 —— Total Annual Rainfall (mm)
10009 - .- - Trend of Total Annual Rainfall
900 A
E o
£ 800 -
® 700+
i= 1
[u] -
=2 6&3_
T 500
c 400-
< J
S 3004
° |
200 -
100
O T 1 1 1 1 T T T T T T T T
o e} o n o [Te] o 0 o n o wn o w0 o
[Te] wn [fe] [<e] M~ P~ [+e] [en) (o)) D (o] o - - o
2 2 2 2 2 2 2 2 2 2393 8§ & 8 |
Years

Figure 11. Total annual rainfall for each year from 1951 to 2018.

3.2. Descriptive Statistical Analysis

Descriptive statistical analysis consists of trend, stationarity, homogeneity, periodicity and noise
tests and was done on time series of daily rainfall. A description of each method is given in the Material
and Methods section. The results of descriptive statistical analysis are listed in Table 2.
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Table 2. The results of descriptive analysis.

Trend Stationarity Homogeneity Periodicity Noise

Mann-Kendall:

, _ ADF test Pettit test: Box—Pierce:
Kendall's tau=~0.0025 ) 11e=0.00001  p-value = 0.2188 p-value = 0.0001
p-value = 0.598 loha = loha = loha =
alpha = 0.05 alpha = 0.05 alpha = 0.05 alpha = 0.05
NO TREND STATIONARY HOMOGENEOUS NO NOISE
Sen’s slope: Phillips-Perron SNH test Ljung-Box:
e s slope: p-value = 0.001 p-value = 0.098 p-value = 0.0001
Slope = 0.000
NO TREND alpha = 0.05 alpha = 0.05 alpha = 0.05
STATIONARY HOMOGENEOUS NO NOISE
Buishand’s McLeod-Li:
p-value = 0.0768 365.25d p-value = 0.0001
alpha = 0.05 alpha = 0.05
HOMOGENEOUS NO NOISE
5 . PSS Fisher’s kappa:
pearman’s rank: test -value = 0.0001
Coeff. = 0.34 p-value = 0.1413 Von Neumann 4 alpha = 0.05
WEAK TREND alpha = 0.05 ratio: NO NOISE
STATIONARY p-value = 0.9434
alpha = 0.05 Bartlett’s
HOMOGENEOUS Kolmogorov-Smirnov:
p-value = 0.0001
alpha = 0.05
NO NOISE

3.2.1. Trend Analysis of Daily Rainfall

The trend in the daily rainfall time series was estimated using the MK test, Sen’s slope test and
Spearman’s rank correlation coefficient methods. Globally we can say that there is no trend in the time
series. Mann-Kendall test can be interpreted by two hypotheses: HO—There is no trend in the series
and Ha—There is a trend in the series. As the computed p-value (0.598) is greater than the significance
level alpha = 0.05, the null hypothesis HO cannot be rejected. Calculated Sen’s slope is 0.00, which
means that there is no slope (inclination) of the trend line. Spearman’s rank correlation coefficient is
0.34, which means weak negligible trend in time series.

3.2.2. Stationarity, Homogeneity, Noise and Periodicity of Daily Rainfall

The stationarity test was carried out by the ADF test and Phillips—Perron test where hypothesis
HO is that there is a unit root for the series and hypothesis Ha is that there is no unit rood for the series
and the series is stationary. Another test for stationarity is the KPSS test, where hypothesis HO is that
the series is stationary and hypothesis Ha is that the series is not stationary. The result of all the three
methods concludes that the daily rainfall series in Poprad station is significantly stationary at a 5%
significance level as shown in Table 2. It means that any hydrologic model can be used for modeling
daily rainfall. It can be concluded that the daily rainfall series is not showing much variation in mean
and standard deviation, which is also evident from Figure 7.

The homogeneity was tested using Pettitt’s test, standard normal homogeneity (SNH) test,
Buishand test and von Neumann’s test. In all tests for homogeneity, the hypothesis HO is that data
are homogeneous and hypothesis Ha is that there is a date at which there is a change in the data
what means that time series is not homogeneous. The time series of daily rainfall in Poprad station is
homogeneous, which was proven by all four tests at a 5% significance level. It means that there is no
breakpoint in the time series.

The presence of white nose in the daily rainfall time series was tested using Box—Pierce, Lying-Box
and McLeod-Li tests. White noise is in time series when the p-value is larger than the significance
level alpha. All the tests confirmed that there is no noise in the daily rainfall time series in Poprad
station. The p-value was found to be 0.0001, which is less than alpha = 0.05 using all four methods.
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The periodicity test is used to identify the behavior of a time series [40]. The periodogram was
plotted for the time series. In daily rainfall time series, the period is 365.25 d, which means that it
takes 365.25 d to complete one cycle. The periodicity is not exactly 365.00 because of leap year, which
happens once in four years.

4. Conclusions

The analysis of the precipitation concentration degree throughout the year is extremely important
for its high impact on environmental phenomena like floods and droughts. For the observed Poprad
station, two types of analysis were conducted. The basic statistical analyses showed results which give
quite a precise picture of the rainfall occurrence during the year and the examined period between the
years 1951 and 2018. The average daily rainfall in Poprad during the mentioned period is 1.6 mm/d,
the maximum daily rainfall was 79.3mm/d on 28.8.1996. The highest daily rainfall in Poprad is during
the summer season in June, July and August (average 2.689 mm/d). On the other hand, the lowest
rainfall is in the winter season, especially from January to March (average 0.89 mm/d). Most of the dry
days during the year occur in August and September. The data also show that the number of dry days
is increasing, but in conjunction with the increase in the total annual rainfall and the constant average
daily rainfall, this means an increase in extreme precipitation events, as a larger annual rainfall is
divided into fewer rainy days, while all are more intense. For the observed Poprad station the tests on
trend, homogeneity, stationarity, periodicity and noise has been conducted. As a result, all approaches
used in this paper are indicating no trend or wear a negligible trend. The tests on stationarity are
classifying data set of rainfall as stationary. All four tests on homogeneity are showing that the data
are homogenous. An interesting result brought the test on periodicity when the value of periodicity
was 365,25 d which means exactly one year and the part of the day from the leap year. The test of noise
also showed no noise on data.
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