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Abstract: Drought is a complex phenomenon with high spatial and temporal variability. Water
scarcity has become a growing problem in Slovenia in recent decades. Therefore, the spatial and
temporal variability of hydrological drought was investigated in this study by analysing the Standard-
ized Streamflow Index (SSI). Monthly discharge data series from 46 gauging stations for the period
1961–2016 were used to calculate SSI values at five different time scales (1, 3, 6, 12, and 24 months).
The results indicate that the frequency and intensity of droughts in Slovenia has increased in recent
decades at most of the analysed gauging stations and at all time scales considered. Spring and
summer periods were identified as critical in terms of water deficit. SSI values vary independently
from the location of the gauging station, confirming that drought is a regional phenomenon, even
in a small country such as Slovenia. However, SSI values vary considerably depending on the time
scale chosen. This was also confirmed by the results of the hierarchical clustering of the number of
extreme droughts, as various time scales resulted in a different distribution of gauging stations by
individual groups.

Keywords: hydrological drought; Standardised Streamflow Index; SSI; hierarchical clustering;
seasonality

1. Introduction

Drought is a complex natural hazard, connected with water scarcity that affects
ecosystems and society [1]. It is a long-term recurring phenomenon that usually affects
larger regions and can cause severe damage and economic losses as well as loss of human
lives (e.g., [2,3]). Furthermore, spatial and temporal characteristics of droughts vary
significantly [2]. Due to its complexity, drought is hard to define, monitor, and qualify.
According to Wilhite and Glanz [4], drought can be classified into four types, namely
meteorological, agricultural, hydrological, and socioeconomic. Some other researchers have
also included other factors of atmospheric, ecological, or water management (e.g., [5–7]).
Common to all types of drought is that they are the consequence of a lack of precipitation,
which results in water shortage for some activities (e.g., agriculture) or for some user
groups (e.g., drinking water consumers) [4].

Drought indices are commonly used for detection, monitoring, and evaluation of
drought events. Lloyd-Hughes [8] found in the literature over 100 drought indices proposed
for use in drought monitoring and evaluation, a fact reflecting the complexity of the subject
matter. The choice of a suitable drought index for a particular drought analysis depends
on several factors, such as type of drought, climate, and hydrological characteristics of
the region, the aim of the study, accessibility of data and information, etc. (e.g., [3,9,10]);
therefore, it is difficult to talk about the ‘best’ drought index. Each type of index focuses on
a specific part of the hydrological cycle and has its purpose for a specific application [1].
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There is a commonly used group of standardized drought indices, which are related to
different variables of the hydrological cycle (e.g., the Standardized Precipitation Index (SPI),
Standardized Precipitation and Evapotranspiration Index (SPEI), Standardized Streamflow
Index (SSI), and the Standardized Groundwater level Index (SGI)). They all originate from
SPI, which is the most-widely used standardized meteorological drought index. All the
mentioned standardized drought indices are based on a similar calculation procedure,
which enables compartments of drought in different parts of the hydrological cycle [1,10].
In addition to standardized drought indices, there are also some other techniques for
drought investigation, for example cross-wavelet analysis [11].

Hydrological drought can be defined as a prolonged period with below-normal water
availability in surface and subsurface water due to natural causes (e.g., [1,9,12]). Climate
change also has a major impact on surface and subsurface water availability (e.g., [13,14]).
Many studies have investigated hydrological drought at the national, continental, or global
scale using observed (e.g., [10,15–18]) or modelled (e.g., [9,12,19–21]) streamflow/runoff
data. One of the most commonly used hydrological drought indices is SSI, which uses
observed discharge data. It allows spatial and temporal comparisons of the hydrological
conditions of a stream [15]. Its main advantage is that only one variable (monthly discharge
time series) is needed and the code or software to calculate the index is freely available [22].
Another advantage is that it can be used to monitor both short- and long-term hydrological
droughts [22]. The limitation of the method is that the values of SSI only indicate the
degree of drought intensity at a location but not the actual amounts of water. In this respect,
SSI only accounts for the streamflow in the context of drought monitoring, with no other
influences being investigated. Thus, the impact of water use is not taken into account.

Due to the lack of precipitation and its uneven distribution, drought or water scarcity
has been a growing problem also in Slovenia [23,24]. After 1990, agricultural drought has
been declared 11 times, of which nine times have been since 2000 (2000, 2001, 2003, 2006,
2007, 2009, 2012, 2013, and 2017). In most of the listed years, the drought reached the
dimensions of a natural disaster, which means that the estimated direct damage exceeded
0.3 per mil of GDP [25]. Due to these facts, a need for further investigation of droughts
and their characteristics in Slovenia has arisen. The main objective of this study is a
thorough investigation of the spatial and temporal variability of hydrological drought by
analysing SSI at various time scales for gauging stations in Slovenia. In the frame of this
study, seasonality of the SSI results was investigated, and the results for the hydrologically
wettest and driest years were compared for all selected gauging stations. Additionally,
an analysis of the number of severe and extreme drought events at all selected gauging
stations was conducted.

2. Materials and Methods
2.1. Data

Analyses were performed based on monthly discharge data series at 46 gauging
stations in Slovenia for the period 1960–2016 (Table 1 and Figure 1). Due to the uniform
spatial distribution of gauging stations covering different flow regimes, some gauging
stations were also selected with a shorter set of measurements. Furthermore, data from
the gauging stations with the minimum possible data gap and anthropogenic influence
(e.g., the influence of human activities, such as deforestation, urbanization, construction of
reservoirs, and water abstraction) were selected.
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Table 1. Main characteristics of the considered gauging stations.

Station Code Gauging Station River Station Elevation [m a.s.l.] Catchment Area [km2]

1060 Gornja Radgona I Mura 202.34 10,197.2
1070 Petanjci Mura 193.65 10,391.4
1140 Pristava I Ščavnica 169.37 272.8
1220 Polana I Ledava 191.35 209.4
1260 Čentiba Ledava 154.31 861.7
2250 Otiški Vrh I Meža 334.00 552.6
2652 Videm Dravinja 209.04 767.3
2900 Zamušani I Pesnica 201.85 479.8
3180 Podhom Radovna 566.07 166.8
3200 Sveti Janez Sava Bohinjka 525.04 94.4
3400 Mlino I Jezernica 467.57 8.6
3420 Radovljica I Sava 408.18 908.0
3660 Litija Sava 230.55 4849.7
3850 Čatež I Sava 736.70 10232.4
4120 Kokra I Kokra 18.01 113.1
4200 Suha I Sora 7.98 568.9
4480 Nevlje I Nevljica 1.20 82.2
4695 Jelovec Mirna 208.49 271.2
4750 Rakovec Sotla 140.12 561.3
4820 Petrina Kolpa 219.31 467.3
4860 Metlika Kolpa 126.96 1966.3
4969 Gradac I Lahinja 133.46 218.9
5030 Vrhnika Ljubljanica 285.93 1135.1
5078 Moste I Ljubljanica 281.32 1778.0
5240 Verd I Ljubija 286.28 karst
5540 Razori Šujica 298.37 46.9
5800 Prestranek Pivka 519.75 karst
5880 Hasberg Unica 444.88 karst
6060 Nazarje Savinja 337.03 457.1
6200 Laško I Savinja 215.07 1668.2
6240 Kraše Dreta 365.55 100.8
6691 Črnolica I Voglajna 263.27 54.7
7029 Podbukovje I Krka 258.49 346.9
7160 Podbočje Krka 146.27 2253.0
7340 Prečna Prečna 163.82 295.2
8080 Kobarid I Soča 194.94 437.1
8180 Solkan I Soča 53.77 1580.4
8242 Kal-Koritnica I Koritnica 404.7 86.0
8270 Žaga Učja 341.56 50.2
8350 Podroteja I Idrijca 327.05 111.3
8450 Hotešk Idrijca 160.86 443.5
8500 Bača pri Modreju Bača 164.04 143.1
8561 Vipava II Vipava 96.09 131.9
8601 Miren I Vipava 35.93 588.3
9050 Cerkvenikov mlin Reka 342.70 332.1
9210 Kubed II Rižana 61.16 204.7
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Figure 1. Location of the considered gauging stations on the map of Slovenia.

2.2. Methods

In order to compare the streamflow time series in time and space regardless of the mag-
nitude and the river regimes, standardization of the streamflow series is needed [16,17,26,27].
Among several hydrological drought indices the standardized streamflow index (SSI) is
commonly used. SSI is a statistically-based drought index depending on the long-term
monthly streamflow records [20]. The methodology is analogous to the standardized
precipitation index (SPI), which was developed by [28]. The main aim of the methodology
is to quantify the above-average anomalies on different time scales (e.g., 1, 3, 6, 12, 24, or
48 months).

The first step of the SSI methodology is to determine the probability density function
for the selected streamflow time series. The gamma distribution is most commonly used
and was applied also in this study. Once the cumulative distribution function F(x) is identi-
fied, the SSI values can be calculated as z-scores, following the procedure of Guttman [26].
More details about the SSI calculation can be found in [17]. McKee et al. [28] established
the criteria for determining the beginning and the end of a drought event, considering that
a drought event begins when the index is continuously negative and reaches the value of
−1 or less, and it ends when index becomes positive (Table 2).

Table 2. Drought classification according to SPI/SSI method [29].

SPI/SSI Value Category

2.00 or more Extremely wet
1.50 to 1.99 Severely wet
1.00 to 1.49 Moderately wet
0.00 to 0.99 Mildly wet

0.00 to −0.99 Mild drought
−1.00 to −1.49 Moderate drought
−1.50 to −1.99 Severe drought
−2.00 or less Extreme drought
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Analysis of the number of extreme droughts was performed using hierarchical cluster-
ing. This is a method that assigns the considered values or cases based on their similarity
to clusters in order to create a hierarchy of clusters (e.g., [30]). Combining and splitting of
the clusters is based on the measure of dissimilarity among sets of observations, which is
achieved by the use of an appropriate metric [31]. In the study, Ward’s minimum variance
method on a distance matrix calculated by the Euclidean distance measure was used.
Cluster analysis was performed using Orange software v3.11 [32]. Other analyses and
presentation of the results were performed using R software v4.1 [33] and SAGA GIS
software v7.4 [34].

3. Results and Discussion
3.1. Comparison of the Wet and Dry Years

SSI values were calculated for five different time scales: one month (SSI-1), three
months (SSI-3), six months (SSI-6), twelve months (SSI-12), and twenty-four months (SSI-
24) for the period 1960–2016 for 46 selected gauging stations in Slovenia. An example of
the results for one of the analysed stations is presented in Figure 2. The results showed
that the SSI variability was greater on shorter time scales rather than on longer ones, which
was expected. On longer time scales, drought was less common, but the duration was
longer and more intense, while on shorter time scales, hydrological drought had a shorter
duration and lower intensity, but occurred more frequently.

Figure 2. Example of the SSI results at various time scales for the gauging station Polana I (1220).
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The results of the SSI values for the Polana I (1220) gauging station (Figure 2) clearly
showed that the frequency and intensity of droughts increased in the last two decades,
i.e., a fact that can be observed at all considered time scales. This is consistent with the
findings of Cunja et al. [35], who reported that the frequency of drought events in Slovenia
has been increasing in the last decades. They analysed 44 gauging stations in Slovenia
from 1960 onwards. They reported that the largest drought event at the Polana I (1220)
gauging station occurred in 2003 and the wettest year was 1965/66. According to flow
deficit calculation, they identified as many as 216 drought days at the Polana I station in
2003. In general, they identified the year 2003 as hydrologically the driest year in the period
1960–2016 using different low-flow indices. Furthermore, they reported that the drought in
2003 affected most of Slovenia. Slightly less severe droughts occurred in 1993 and 2012,
which is also evident from Figure 2. However, Cunja et al. [35] also argued that drought is
a regional phenomenon, as in 1993 the most severe drought occurred in the northern part
of Slovenia, in 2003 and 2012 in the northeastern part (Prekmurje region), and in 2011 in
the southern part of the country.

Following the findings of Cunja et al. [35], the hydrologically wettest (1965) and driest
year (2003) were compared for all 46 selected gauging stations in this study. As can be
seen from Figure 3, no major drought events occurred in the typically wet year of 1965
as expected. According to the calculated one month SSI (Figure 3), October 1965 was the
driest month. The lowest one month SSI value was calculated at the hydrological station
Rakovec (4750) with a value of 1,236 (moderate drought), and the highest in June at the
hydrological station Gornja Radgona I (1060) with a value of 3,523 (extremely wet).

Figure 3. Spatial presentation of SSI-1 values for a wet year 1965.
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Spatial presentation of SSI-1 values for the driest year 2003 is presented in Figure 4.
In 2003, the drought was exceptional in spring as well as in summer, which can be seen
from Figure 4. The lowest SSI-1 value was calculated in June at the Nazarje (6060) gauging
station with a value of −2874 (extreme drought), and the highest in January at the gauging
station Mlino I (3400) with a value of 1083 (moderately wet). In May and June, the values
of SSI-1 were below 0 for all considered gauging stations. Furthermore, 96% of gauging
stations in May had a value of SSI-1 less than −1, which indicates that moderate drought
occurred at these locations. In June, as many as 97% of all considered gauging stations had
SSI-1 values below −1 (Figure 4).

Figure 4. Spatial presentation of SSI-1 values for a dry year 2003.

Similarly, comparison of the SSI values at higher time scales was conducted. The
highest value of the SSI-6 in 2003 was −0.081 (mild drought) calculated at the Mlino I
(3400) gauging station in June, and the lowest −2844 at the Polana I (1220) gauging station
in December (extreme drought). The value of SSI-12 for the driest year 2003 reached
its maximum at the Mlino I (3400) station with a value of −0.330 (mild drought), and
an extreme drought occurred in the area of the Rakovec (4750) station, where the SSI-12
reached a value of −2909 (extreme drought).

As the amount of precipitation in the area of Slovenia decreases from west to east, we
could generally expect that the western part of Slovenia is less affected by droughts than
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its eastern part. However, the results of the SSI values at all considered time scales and
their spatial distribution showed this was not the case. SSI values varied quite indepen-
dently from the location of the gauging station and differed depending on the selected
time scale. Drought events did not occur evenly, confirming that drought is a regional
phenomenon even in a small country such as Slovenia. The same was reported also by
Lorenzo-Lacruz et al. [16], who investigated the spatiotemporal characteristics of hydro-
logical droughts in the Iberian Peninsula during the second half of the 20th century and
found substantial spatial heterogeneity of hydrological droughts. Similar conclusions
were also drawn by Wang et al. [21], who reported obvious spatial variations of drought
characteristics (frequency, duration, and magnitude) even on a catchment scale (Luanhe
River basin in China). On the other hand, Telesca et al. [15] reported a universal behaviour
of SSI time series at the catchment scale, i.e., over the Ebro basin in Spain.

Additionally, we analysed SSI values at various time scales for a dry year 2003 using
heatmaps (Figure 5), which allow a quick visual assessment of the results as well as seasonal
comparison of the calculated SSI values for all selected stations. It was obvious that with
the increasing time scale, drought events lasted longer and were more intense, which
confirmed the previous findings of this study. Among the considered gauging stations,
Mlino I (3400) was the least arid location regardless of the time scale in 2003 (Figure 5). This
is not surprising as the station is located in the wettest part of Slovenia with a maximum
annual mean precipitation of more than 3000 mm. On the other hand, it was hard to
identify the driest location at the selected time scale, since there was more than one, and
they varied according to the selected time scale. This once again confirmed the fact that
droughts are regional phenomena in Slovenia. In terms of the seasonality, the results of
SSI-1 show that at most locations, May and June were among the driest months, while
the winter months (January, November, and December) were the wettest in 2003. Similar
conclusions can be made also for other time scales taking into account that SSI values
at longer time scales present values for the corresponding time period, i.e., SSI-6 values
in December present the response of the discharge from July to December at the specific
location. For example, the highest SSI-6 values in 2003 occurred in August and September,
reflecting the response of the discharges to climatic conditions in the past six months, i.e.,
in the spring and summer months. This finding is in agreement with Sušnik [36], who
reported that drought periods in spring and summer 2003 in Slovenia brought a record
water deficit and consequently crop devastation and a high financial damage. Spring and
summer periods were identified as critical in terms of water deficit for the period 1961–2002
also by [37]. Additionally, Jelovčan and Šraj [38] reported the lowest water levels as well
as groundwater levels in the summer months for the southwestern part of the country.
Furthermore, Sapač et al. [39] reported that summer low-flow conditions prevailed for
12 gauging stations in the Ljubljanica River catchment (gauging stations 5030–5880 of
this study).

3.2. Analysis of the Number of Extreme Droughts

In this analysis, we defined the number of severe and extreme droughts. According
to the drought classification (Table 2), severe drought occurs when the SSI index value is
between −1.5 and −2, and extreme drought occurs when the SSI index value is less than −2.
In order to obtain information on the locations in Slovenia where the occurrence of severe
and extreme droughts was the most common, we used only the gauging stations with a
complete set of discharge data. Therefore, the total number of the considered hydrological
stations for this analysis was 34. The results are presented in Table 3.
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Figure 5. Seasonality of SSI results at various time scales (1, 3, 6, 12, and 24 months) for a dry year 2003.

As we can see, several severe and extreme drought events occurred in Slovenia in
the considered period (Table 3). The results show that at least one extreme drought event
(SSI < −2) occurred at all considered locations regardless of the time scale, except at the
gauging stations Pristava (1140), Rakovec (4750), and Prečna (7340). Of course, the number
of severe droughts was higher than the number of extreme droughts. A higher number of
drought events is characteristic of longer time scales. As droughts on longer time scales are
more intense and last longer, the number of severe and extreme droughts at all gauging
stations increases with the increasing time scales.

Considering the SSI index at a 1-month time scale, extreme and severe droughts most
often affected the Vrhnika location (5030). The Prestranek location (5800) was most affected
by the droughts in the case of the SSI index at a 3-month time scale. Considering the
12-month SSI index, the area of the Laško station (6200) was most affected by extreme
drought (Table 3).

In the next step, hierarchical clustering of the number of extreme droughts (SSI < −2)
was conducted. The results indicated that the hierarchical clustering of the number of
extreme droughts divided the values into five different groups in all cases, regardless of the
time scale (Figures 6–8). In the case of the one month time scale (SSI-1), in group C1 (blue
colour), only the Vrhnika gauging station with 22 drought events was assigned (Figure 6).
This was the station with the highest number of extreme droughts in the period from 1960
to 2016, which is consistent with the previous findings. Gauging stations assigned to group
C2 (red colour) with the number of extreme events between 10 and 14 were mainly located
in the southern part of the country. On the other hand, group C4 (orange colour), consisting
of gauging stations with the number of extreme events between 4 and 5, mainly covers the
northern part of the country. In group C5 (yellow colour), which includes gauging stations
with 6 to 9 extreme drought events, there were mainly stations located in the western part
of the country (Figure 6). Group C3 (green colour) of hierarchical classification indicated an
uneven spatial distribution of locations with a relatively low number of extreme droughts
(0 to 3 events).
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Table 3. The total number of severe and extreme drought events at the considered gauging stations.

Station Code Gauging Station SSI-1 SSI-6 SSI-12

SSI < −1.5 SSI < −2 SSI < −1.5 SSI < −2 SSI < −1.5 SSI < −2

1060 Gornja Radgona I 19 3 42 10 47 15
1140 Pristava I 7 0 50 22 44 23
1220 Polana I 12 1 43 18 46 20
2250 Otiški Vrh I 23 1 41 14 46 22
3180 Podhom 15 1 25 7 29 1
3200 Sveti Janez 25 5 30 10 44 17
3420 Radovljica I 29 5 32 11 48 2
3660 Litija 31 11 48 17 48 19
3850 Čatež I 35 10 52 23 51 22
4120 Kokra I 19 4 20 8 25 1
4480 Nevlje I 26 7 46 22 36 23
4695 Jelovec 21 2 59 21 49 26
4750 Rakovec 16 0 53 21 52 23
4820 Petrina 31 6 39 12 20 12
4860 Metlika 35 14 56 27 47 11
4969 Gradac I 34 11 61 30 64 25
5030 Vrhnika 45 22 54 34 50 26
5078 Moste I 41 11 52 28 51 25
5540 Razori 31 4 59 23 55 22
5800 Prestranek 0 0 67 40 56 30
5880 Hasberg 43 8 59 26 49 15
6060 Nazarje 31 9 39 19 48 26
6200 Laško I 29 5 56 24 51 31
6240 Kraše 22 2 34 15 40 19
7029 Podbukovje I 15 1 58 18 53 17
7340 Prečna 23 0 48 19 62 15
8080 Kobarid I 27 7 33 11 37 12
8270 Žaga 31 4 35 11 39 8
8350 Podroteja I 20 7 41 11 39 4
8450 Hotešk 20 6 39 16 61 22
8500 Bača pri Modreju 28 7 41 12 50 19
8561 Vipava II 42 12 50 25 60 15
8601 Miren I 26 1 35 13 30 14
9050 Cerkvenikov mlin 25 6 59 23 45 15

The results of the hierarchical clustering using a 6-month time scale show that at all
the considered gauging stations at least 7 extreme drought events occurred, with the most,
as many as 40, recorded at the Prestranek station (5800). In addition to the Prestranek
station, the Vrhnika station (5030) was also included in group C5 (yellow) with 34 extreme
drought events (Figure 7). Both stations are located in the southwestern part of the country.
The stations located in the southeastern part of Slovenia were mainly assigned to group
C3 (green colour) with 21 to 25 extreme drought events. On the other hand, group C1
(blue colour), which consisted of stations with 7 to 16 extreme events, covering mainly
the northwestern part of Slovenia (Figure 7). The other two groups (C2 and C4) covered
mainly the central and eastern parts of the country.
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Figure 6. Hierarchical clustering of the number of extreme droughts using the one month time scale (SSI-1 < −2) and spatial
presentation of the results on the map of Slovenia. Groups are indicated by colours: C1 (blue), C2 (red), C3 (green), C4
(orange), and C5 (yellow).

Figure 7. Hierarchical clustering of the number of extreme droughts using the six month time scale (SSI-6 < −2) and spatial
presentation of the results on the map of Slovenia. Groups are indicated by colours: C1 (blue), C2 (red), C3 (green), C4
(orange), and C5 (yellow).
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Figure 8. Hierarchical clustering of the number of extreme droughts using the 12 month time scale (SSI-12 < −2) and spatial
presentation of the results on the map of Slovenia. Groups are indicated by colours: C1 (blue), C2 (red), C3 (green), C4
(orange), and C5 (yellow).

If we extend the time scale to 12 months, the results of the hierarchical clustering
showed that the gauging stations with the lowest number of extreme drought events
(1 to 4) belonged to group C3 (green) and were located mainly in the northwest of Slovenia
(Figure 8). Furthermore, gauging stations with 8 to 15 extreme drought events belonged to
group C5 (yellow) and were mainly located in the southwestern part of Slovenia, with the
exception of gauging station Gornja Radgona I (1060). The gauging stations assigned to
other three groups (C1, C2, and C4) were unevenly distributed across the country.

As the time scale increased, the number of extreme events (SSI < −2) increased, as can
be seen comparing Figures 6–8.

4. Conclusions

This study provided a comprehensive analysis of the spatial and temporal characteris-
tics of hydrological drought in Slovenia during the period 1961–2016. Monthly discharge
data series from 46 gauging stations were used to calculate the SSI values at five different
time scales. The methods used in the study followed the standard procedures applied for
the characterization of hydrological drought in various similar studies.

The results of the calculated SSI values indicated that the frequency and intensity of
droughts in Slovenia increased in recent decades at most of the analysed gauging stations.
This was observed at all considered time scales. Spring and summer periods were identified
as critical in terms of water deficit during the considered period.

Despite the fact that the amount of precipitation in Slovenia decreases from west to
east, the results of the SSI values at all considered time scales and their spatial distribution
showed a different picture. SSI values varied quite independently from the location of
the gauging station; however, they differed depending on the selected time scale. Thus,
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it appears that drought events do not occur evenly, confirming that drought is a regional
phenomenon even in a small country such as Slovenia. Therefore, the results confirmed
the findings of some other researchers, i.e., that it is important that an appropriate time
scale (accumulation period) is chosen to capture the characteristics of a drought typical for
certain hydrological/meteorological conditions (e.g., [10,27,40]). Nevertheless, the same
was confirmed also by the results of the hierarchical clustering of the number of extreme
droughts, as the application of various time scales resulted in a different distribution of
gauging stations by individual groups.

For the first time, SSI methodology was used to investigate hydrological drought in
Slovenia. The results of the presented analyses demonstrated that SSI values provided
useful information in terms of drought investigation, monitoring, and further planning
of the appropriate measures related to water management. However, one should keep in
mind that the SSI values only indicate the degree of drought intensity at a location but not
the actual amounts of water. Based on the results of the study, our proposal would be to
integrate the SSI values into drought monitoring tools for Southeastern Europe [41] or at
the European level [42], similar to the SPI.
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