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Abstract

The purpose of this paper is to assess and analyse the dynamics of flash flooding events in Slovenia. The 
paper examines in particular the frequency of flash floods and their seasonal distribution. The method-
ology is based on the analysis of historical records and modern flood data. The results of a long-term 
frequency analysis of 138 flash floods that occurred between 1550 and 2015 are presented. Because of 
the lack of adequate historical flood data prior to 1950 the main analysis is based on data for the pe-
riodbetween1951 and2015, while the analysis of data for the period between1550 and1950 is added as 
a supplement to the main analysis. Analysis of data for the period after 1950 shows that on average 
1.3 flash floods occur each year in Slovenia. The linear trend for the number of flash floods is increas-
ing but is not statistically significant. Despite the fact that the majority of Slovenian rivers have one of 
the peaks in spring and one of the lows in summer, 90% of flash floods actually occur during meteoro-
logical summer or autumn – i.e. between June and November, which shows that discharge regimes and 
flood regimes are not necessarily related. Because of the lack of flood records from the more distant 
past as well as the large variability of flash flood events in the last several decades, we cannot provide 
a definitive answer to the question about possible changes in their frequency and seasonality by rely-
ing solely on the detected trends. Nevertheless, considering the results of analysis and future climate 
change scenarios the frequency of flash floods in Slovenia could increase while the period of flash flood 
occurrence could be extended.

Keywords: flash floods, historical flood records, flood frequency, flood seasonality, climate change, Slo-
venia

Introduction 
Floods are a natural phenomenon and as such are a ge-
omorphological factor in the transformation of the nat-
ural landscape. We are often only aware of them when 
we are directly in their way and they damage our prop-
erty or endanger human life.The common concern of 
nowadays is that globally floods are causing more and 
more damage (Mills, 2005), whilst fatalities are also 
very common (EM-DAT, 2009). In the 21-year period 
between 1995 and 2015 floods alone affected 2.3 billion 
people worldwide and killed at least 157,000 (UNISDR 
& CRED, 2016).Because flash floods occur suddenly, of-

ten without warning, encompassing rapid increases in 
water level and water flow, erosion, transportation and 
deposition of large amounts of different fluvial materi-
als, they are among the most dangerous types of floods 
(Borga, et al., 2014). On average, at least 5,000 people 
die annually as a result of flash floods (Jonkman, 2005). 
In humid climate conditions in temperate latitudes 
flash flooding occurs as a result of extremely heavy and 
intense precipitation in a relatively small area (Borga, et 
al., 2007, 2008). In general it affects headwater catch-
ments of smaller watercourses that range in size from 10 
to a few 100 km2 (Modrick, Georgakakos, 2016).
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The frequency of floods in Europe and the serious 
damage they cause, have attracted the attention of 
many researchers (to name just a few: Barredo, 2007; 
EEA, 2016; Gaume, et al., 2009; Kundzewicz, et al., 
2013). In recent years Europe has relatively frequently 
been affected by extensive flooding with a return pe-
riod over 100 years (Grams, et al., 2014). After virtu-
ally every extreme flooding event, whether it is a flash 
or riverine flood, again the question arises about the 
apparent increase in the frequency of floods, which 
is generally attributed to climate change. In response 
to this question a number of studies into changes in 
flood regimes have emerged looking at various parts 
of Europe, as well as individual countries, catchments 
or groups of catchments, which examine trends in 
the frequency, magnitude and seasonality of extreme 
flows and floods. The results of these studies have 
been summarised in a number of review articles (e.g. 
Brázdil, et al., 2006; Brázdil, et al., 2012; Hall, et al., 
2014; Kjeldsen, et al., 2014; Madsen, et al., 2014).

Authors of studies into changes in flood regimes 
have utilised varying methodological approach-
es taking into consideration data availability for dif-
ferent periods. For most European rivers, systemat-
ic monitoring of flows only began around the turn of 
the 20th century (Brázdil, et al., 2012). For the instru-
mental period most studies that have been complet-
ed analysed the trends of annual maximum flows (e.g. 
Petrow, Merz, 2009; Blöschl, et al., 2012). Alongside 
these, studies have also been conducted that have re-
lied on historical flood records (e.g. Glaser, et al., 2010; 
Melo, et al., 2014). Some studies have focused on ex-
amining the seasonal incidence of extreme flow and 
flood events (e.g. Blöschl, et al., 2017; Macdonald, 2012; 
Parajka, et al., 2010), mostly in connection with inves-
tigations into flood generating processes. Flash floods 
are specific as they occur alongside lower order wa-
tercourses in steep terrain landscapes, where there 
are often not even water gauging stations (Gaume, et 
al., 2009). They regularly affect remote areas, which 
is also why a significant proportion of these floods is 
not documented in historical records. As a result, only 
some of the mentioned studies focus directly on flash 
flooding (e.g. Archer, et al., 2016; Bryndal, 2015; Llasat, 
et al., 2010; Marchi, et al., 2010; Solín, 2008).

Due to differences in methodologies, different 
flood indicators used and different periods being ana-
lysed it is difficult to directly compare results of stud-
ies into changes of flood regimes. What is more, flood-
ing across Europe occurs at different times of the year 
and likewise is the result of different flood generating 
processes (Blöschl, et al., 2017). Making comparisons 
is made even more difficult by the fact that in addi-
tion to climate change, changes in flood regimes have 
also been influenced by interventions in watercourses 

and land use changes (Merz, et al., 2012). The impact 
of these factors affecting flood regimes can also vary 
depending on geographical location, altitude and size 
of catchments. However, despite the evident increase 
in the intensity of rainfall (Medsen, et al., 2014), it is 
not possible (at least for now) to unequivocally con-
firm that extreme flows are increasing in Europe as a 
whole given that there are many contradictory find-
ings (Hall, et al., 2014; Kundzewicz, 2012).

The study area of this paper is the country of Slo-
venia, which lies at the junction of four major natural 
units, namely the Alps, the Mediterranean, the Dinar-
ic Mountains, and The Pannonian Basin (Figure 1). Ap-
proximately 80% of Slovenian territory drains through 
Sava river and its tributaries into the Black Sea (conse-
quently belonging to Danube river basin), while the re-
maining 20% is drained into the Adriatic Sea.

In terms of damage caused, flooding falls immedi-
ately after droughts and hail events at the top of the 
list of natural disasters in Slovenia (Zorn, Komac, 
2011). In mountainous and hilly parts of the country, 
especially in the highland Alps and subalpine moun-
tains, there are many torrential streams where dur-
ing excessive rainfall flash flooding can occur (Trobec, 
2016). Slovenia is characterised mainly as a headwater 
region. Because of specific physiographic structure of 
most of the river basins (i.e. the relatively steep slopes 
and/or impermeable bedrock) which are typically as-
sociated with rapid runoff, flash floods are the prevail-
ing type of floods along the majority of Slovenian wa-
tercourses (Brilly, et al., 1999). By some estimations 
(e.g. Komac, et al., 2008) more than one eighth of the 
entire Slovenian territory is threatened by potential 
flash flooding. 

In recent times Slovenia has been hit by some fair-
ly extensive and intense flash floods, which were also 
recognised internationally (e.g. Zanon, et al., 2010). 
Due to the practically annual occurrence of floods, 
significant material damage that this causes and large 
media visibility, the prevailing opinion is that floods 
are increasingly frequent and violent (Natek, 2007). 
To date several authors have examined the issues of 
flood frequency and seasonality in Slovenia. Kolbezen 
(1996) for instance observed that the frequency of 
floods with catastrophic consequences had not been 
increasing until the mid-1990s. Analysis of river dis-
charge rates after 1996 suggests increasingly frequent 
high water events or the so-called flood warning level 
discharge, where rivers begin to flood in flood-prone 
areas (Kobold, 2011). Moreover, the discharge peaks 
are increasingly approaching historical records and 
occasionally exceeding them in certain catchments. 
This is particularly true for small watercourses along 
which flash flooding occurs. On the other hand, Fran-
tar, et al. (2008) argue that in selected water gauging 
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stations with long-term datasets neither the analysis 
of annual mean-daily maximum discharge trends nor 
the frequency of extreme discharges point to a statis-
tically significant increase in flood risk. Similar con-
clusions were also reached by Šraj, et al. (2016) who 
found a statistically significant increasing trend of 10-
year return period discharges in only 5% of studied 
gauging stations.

In Slovenia flash floods occur with varying fre-
quency during different times of the year due to spe-
cific climatic conditions (Ogrin, 1996) with a variety 
of seasonally dependent weather processes that gen-
erate heavy and intense precipitation and associat-
ed flash flooding. Most of the literature suggests that 
floods in Slovenia occur mainly in spring and autumn 

– when they are most frequent and severe (Mikoš, et al., 
2004), but also in summer, when flooding is typically 
of the flash flooding type (Bat, et al., 2003; Brilly, et al., 
1999; Kolbezen, 1998). Furthermore, in different parts 
of the country seasonal flash flooding occurs at a var-
ying frequency. Trobec (2016), for example, notes that 
autumnal flash floods occur across most of the coun-
try, while summer flash floods occur primarily in the 
East, where to a greater extent one can already see the 
influence of continental climatic factors.

Projections from models of current climate trends 
for Europe predict there will be increasingly intense 

precipitation and increasing frequency of all types of 
floods, including flash floods (Stocker, 2014). In some 
areas significant changes in the seasonality of extreme 
flows and floods are reported (Blöschl, et al., 2017; Ar-
heimer, Lindström, 2015; Petrow, Merz, 2009; Mac-
donald, 2012), which suggests that in these areas fu-
ture floods might occur more frequently in times of 
the year, not typically associated with flooding. In this 
context Hall, et al. (2014) point to flood frequency, to-
gether with changes in flood seasonality as key varia-
bles in preparing flood management strategies for the 
future. Studying historical flood dynamics in a specif-
ic area provides a basis for examining how they change 
in the future. Along with studying changes in dynam-
ics of extensive river flooding, greater attention should 
also be paid to local flash floods. Given their already 
mentioned specific characteristics, collecting data on 
such floods is difficult (Borga, et al., 2008), which also 
means they have not been studied to the same degree 
(Gaume, et al., 2009). In addition, in line with current 
trends of increasing intensity of precipitation, which is 
the main cause of flash floods, it is reasonable to expect 
that there will be more flash floods in Europe in the fu-
ture and that the damage they cause will increase and 
affect a greater number of people.

In this paper we examine the frequency and season-
al distribution of flash floods in Slovenia. The method-

Figure 1. Study area – the country of Slovenia
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ology is based on the analysis of historical records and 
modern flood data. The results of analyses of 138 flash 
floods that affected the territory of Slovenia between 
1550 and 2015 are presented. We particularly focused 
on the period after 1950, assuming that for this peri-
od data for the vast majority of major flash floods are 
available. Based on results of our analyses and pro-
jected climate change scenarios (Kajfež-Bogataj, et al., 
2004; Stocker, 2014) we also endeavour to provide a 
rough estimate of possible future dynamics of flash 
flooding events in Slovenia in terms of their frequency 
and seasonal distribution.

Data and Methods
Since the annual maximum flow and similar flood indi-
cators, which are usually used as a surrogate for floods, 
does not always represent neither an out-of-bank flow 
(Pińskwar, et al., 2012) let alone the devastating flash 
floods, in this study only actual flood events are consid-
ered. The data used to analyse flash flooding events in 
Slovenia were sourced from existing resources and lit-
erature. From an extensive range of different records, 
descriptions and previous studies of floods in Slovenia 
we selected those, for which it was possible to discern 
or at least indirectly infer that they would be classed 
as flash floods. Since karst and riverine floods were not 
the objects of our study, we excluded them from the 
analysis, despite the fact that the latter occasionally fol-
lowed flash flooding, albeit with a lag, particularly fol-
lowing extended autumnal rainfalls.

Data on earlier floods were mainly gathered from 
secondary sources (i.e. Jesenovec, 1995; Kolbezen, 1991; 
Kolbezen, 1992; Kolbezen, 1993; Kolbezen, 1994; Kol-
bezen, 1995; Trontelj, 1997) such that primary sourc-
es (public media, records of provincial administrative 
bodies, archival records of daily newspapers, chroni-
cles, archives of the former Hydrometeorological In-
stitute of the Republic of Slovenia (nowadays Slove-
nian Environment Agency (SEA)),...)) which were 
referenced by these sources have not been listed. For 
floods, which occurred in recent decades, we also re-
lied on primary sources, particularly on certain con-
tributions to scientific and professional journals and 
anthologies, such as Geografski vestnik [Geographi-
cal Bulletin], Geografski zbornik [Journal of Geogra-
phy], Ujma [Magazine on the protection against nat-
ural and other disasters], and others, as well as on 
various reports and publications from the SEA web-
site (SEA, 2016).

In the case of local flash flooding, which usually oc-
cur in the warmer part of the year when precipitation 
is induced or enhanced by convection, we were able to 
attribute individual floods to the exact day of their oc-
currence since lag time between precipitation and con-

sequent flooding was rather short. In contrast, when 
it comes to flooding that occurred as a result of slow 
travelling large frontal or cyclonic systems causing pro-
longed precipitation with different and varying local 
intensity (usually in the colder part of the year), sev-
eral individual floods were considered as a single flood 
event, despite them occurring on different days and/or 
in different catchments, and they were all attributed to 
the day when, in view of the current synoptic situation, 
flooding was most severe. In this way, we increased the 
transparency of the database, as individual scattered 
flooding was linked to a common cause, i.e. precipita-
tion as part of the broader precipitation system.

From available sources we selected 138 flash floods, 
which were recorded in the period between 1550 and 
2015. The data collected enabled us to carry out an 
analysis on the frequency of past flash floods. The 
sample was not perfect, however, it is likely that it in-
cluded most of the recorded major flash floods to have 
occurred in Slovenia (especially since 1950). Because 
of the lack of adequate historical flood data prior to 
1950 the main analysis is based on data for the period 
between 1951 and 2015, while the analysis of data for 
the period between 1550 and 1950 is added as a supple-
ment to the main analysis.

For 124 of the floods, in addition to the year, it was 
also known in which month the event had occurred. 
This was critical in enabling analysis of the season-
al distribution of flash floods. We also determined in 
which meteorological season floods occurred. Meteor-
ological seasons are named after astronomical (com-
mon) seasons, but they do not correspond to them in 
terms of when they begin and end. Rather, they cov-
er discrete three-month periods. Meteorological win-
ter represents the period between December and Feb-
ruary, meteorological spring between March and May, 
meteorological summer between June and August 
and meteorological autumn between September and 
November. Classifying flooding according to meteor-
ological seasons instead of astronomical allowed us 
to determine the season of occurrence for floods that 
had a known month, but not date of occurrence. In 
this way we, were able to increase the sample of our 
analysis, and thus obtain a clearer insight into the sea-
sonal distribution of past flash flooding in Slovenia.

Results 

Frequency of flash floods
Flash flooding is currently receiving a lot of media at-
tention in Slovenia. Though we cannot associate it sin-
gularly with present times, since devastating floods 
occurred relatively often in the past as well and, as 
is true of today, sparing neither man’s property nor 
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other infrastructure, while occasionally also claiming 
human lives. That said, the further back in time we 
go, there are fewer and fewer records of flash floods 
in Slovenia. Moreover, they mostly refer to more cata-
strophic and severe events. Subsequent descriptions of 
floods are more numerous and consistent. For exam-
ple, there is only one recorded flash flooding event in 
the 16th century and none in the 17th century. There 
are then two mentions of flash flooding in the 18th 
century. In the 19th century, 24 flash floods were men-
tioned in different sources, while reports on floods be-
come even more numerous in the 20th century with 
95 flash flood descriptions available.

Descriptions of flash floods becoming more and 
more common over time gives a false impression that 
the frequency of flash flooding has been continuous-
ly and significantly increasing over the centuries (Fig-
ure 2). The true picture of changes in the frequency 
of flash flooding over the centuries is further distort-
ed by the fact that societies have become increasingly 
vulnerable to flooding. Over the centuries the popula-

tion has increased, which likely resulted in increased 
population density in flood-prone areas. In addition, 
human activities, such as logging, expansion of ara-
ble land, settling in higher and steeper areas, land de-
velopment, etc., had a significant impact on the river 
regime in terms of increased erosion and accumula-
tion. In many places, the latter led to an expansion of 
the flood-prone area in valleys and consequently to 
an increased threat in some settlements, which were 
not the subject of flooding in more distant past (Šifrer, 
1983). Due to insufficient sources from the more dis-
tant past and human intervention in the environment, 
it is impossible to either confirm or reject hypotheses 
about the changes in frequency of flash flooding over 
the centuries solely on the basis of analysing existing 
records of past flash flooding.

If, on the other hand, we assume that after 1950 
data on the majority of the major flash floods is for 
the most part accurate and complete and that 65 years 
(that have since passed) is long enough to presuppose 
the dynamics of flash flooding, we can nevertheless 

Figure 2. Number of flash floods in Slovenia between 1550–1950 (a) and between 1951–2015 (b).
Source: author’s survey
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use data from this period to draw a few general obser-
vations for Slovenia. From 1951 to 2015, Slovenia was 
hit by at least 84 flash floods, which means 1.3 flash 
floods on average per year. There were occasional-
ly years with multiple flash floods. In this regard, the 
most notable years were 1994, when there were seven 
flash floods, 1982 with six flash floods, and 2014 with 
five flash floods. Interestingly years with the most re-
corded flash floods fall after 1980, which may proba-
bly be related to both natural variability of flash floods 
and the impact of climate change with associated in-
creases in precipitation intensity.

The linear trend for the period 1951–2015 generally 
exhibits a slow increase in the number of flash floods, 
but the trend is not statistically significant (p> 0.05) 
(Figure 2 (b)). At the beginning of the period, based on 
the linear trend line, there was on average around one 
flash flood annually, while at the end of the period the 
figure had risen to 1.6 flash floods per year. This rais-
es the questions: to what extent does the upward trend 
actually represent an increase in the number of floods; 
to what extent is this a consequence of potentially un-
documented floods in the early years or decades of the 
period; and, to what extent is it a consequence of the 
increased presence of humans and their activities, in 
other words, the increased vulnerability of communi-
ties in flood-prone areas?

It is undoubtedly possible that in the early years or 
decades after 1950 some floods were not recorded and 
were therefore not included in the analysis. Howev-
er, we conclude that, because it is a relatively recent 
period and the media coverage of the time was sat-
isfactory, these could not be so numerable that their 
exclusion would significantly affect the results of the 
analysis. On the other hand, the vulnerability of com-
munities in flood-prone areas was still increasing af-
ter 1950 due to various factors. Especially after the 
Second World War people were immigrating to flood-
prone areas in the vicinity of torrential watercourses, 
where they were followed by industry and infrastruc-
ture (Komac, et al., 2008). In certain areas, compared 
to the past, when flood waters did not reach and affect 
humans and their activities, in recent decades they 
have become fatal as a result of careless placement of 
different activities in landscape. Various structural 
flood protection measures present another important 
factor. Whilst they more or less successfully protect 
against floods, in many areas they further exacerbate 
the torrential character of watercourses. However, by 
examining the causes and consequences of individu-
al floods during this period, we came to the conclu-
sion that the increased presence of humans and their 
activities along with their interference with river ba-
sins and watercourses increased merely the damage 
caused by floods but not their frequency.

Below are the data for the final 15-year period be-
tween 2001 and 2015, for which we are confident that 
figures on flash flood numbers are completely relia-
ble, since there was an abundance of various resourc-
es at our disposal. In this period there were 16 flash 
floods in total; 1.1 per year on average. It is less than 
the 1.3 flash floods per year, the average for the entire 
period 1951 to 2015, and considerably less than for in-
stance 2.1 floods per year over the 15-year period be-
tween 1981 and 1995, when flash flooding was most 
frequent (a total of 32 floods during this period). List-
ed findings clearly reveal that, despite an overall up-
ward trend in the frequency of flooding, in the early 
21st century it was actually somewhat lower compared 
to the entire period between 1951 and 2015. Given the 
relatively large variability when it comes to past flood 
events as well as the expected increases in precipita-
tion intensity as a result of climate change (Kajfež-
Bogataj, et al., 2004; Stocker, 2014), this trend may ac-
tually shift in future. Besides, flooding during the first 
15 years of the 21st century may not stand out in terms 
of frequency, whilst on the other hand, this period is 
marked by an outstanding number of severe floods 
that resulted in substantial material damage as well 
as casualties. Such were for instance the 2005 floods 
in Posavje region (Kobold, 2006), the 2007 floods in 
Železniki (Zanon, et al., 2010), the 2010 (Kobold, 2011) 
and 2012 floods covering much of the country, and 
the 2014 floods in the western subalpine region (SEA, 
2016).

In addition, projected impacts of climate change for 
the territory of Slovenia generally forecast an increase 
of up to 30% in peak discharges in alpine and subal-
pine regions by the end of the 21st century (Kobold, 
2009). Due to specific geographical conditions and 
consequent frequent incidence of flash flooding, these 
areas are already bearing the brunt of flooding. While, 
in addition to increased flow peaks we are also likely 
to see significantly increased frequency of flooding it-
self. Alfieri, et al. (2015) predict that, compared to 1990, 
the frequency of floods with a return period over 100 
years will triple by 2020 and increase by a factor of 
five by 2050. These figures place Slovenia alongside 
Iceland, Switzerland and Netherlands, which have 
the highest rates for European countries, significant-
ly above the average for the rest of Europe. In Slovenia 
we should therefore expect frequent and violent flash 
floods in future.

Seasonal distribution of flash floods
Flash floods in Slovenia are characterised by marked 
seasonality. Taking into account only floods, where 
data on their month of occurrence is available (124 
floods), 87% of floods between 1550 and 2015 occurred 
within the six-month period between June and No-
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vember, which corresponds to meteorological sum-
mer and autumn. During the entire period, at least 
one flash flood occurred in each and every month of 
the year (Figure 3 (e, f)). Looking at available sources, 
we can conclude that flash floods occurring outside of 
the common period of occurrence were, on average, 
no less destructive than those that occurred between 
June and November. It means that the time of flood-
ing does not seem to have a decisive role on flood se-
verity.

The existing seasonal distribution of flash floods is a 
result of Slovenia’s climatic characteristics. In terms of 
Slovenia’s climate classification it is situated at a transi-
tion point between Mediterranean and Central Conti-
nental Europe, while in the highest mountains it also 
exhibits the effects of Alpine climate (Ogrin, 1996). Dif-
ferent weather conditions, usually associated with a 
specific part of the year, lead to the formation of heavy 
and intense precipitation and associated flash flood-
ing. Generally speaking, weather events in Slovenia are 
most intense during meteorological summer, when air 
is able to absorb more moisture due to high tempera-
tures, which is then released in the form of intense pre-
cipitation. During this period, flash floods usually oc-
cur as a result of storms with heavy downpours, most 
frequently due to the passage of a cold front or the prox-
imity of a cut-off low (Petkovšek, Trontelj, 1996). Con-
vection often plays a decisive role in causing high inten-
sity precipitation in this part of the year as a result of 
air overheating near the ground. During meteorolog-
ical autumn the formation of precipitation that results 
in flash flooding is also often propagated by the passage 
of cold fronts, especially when these slow down con-
siderably over the Alps, or when they spawn secondary 
cyclones over the northern Mediterranean (Vrhovec, 
2002). Heavy and intense precipitation at this time of 
the year can also be induced by Mediterranean cy-
clones. Due to an orographic effect precipitation dur-
ing described weather events is significantly enhanced 
as a result of southwest winds forcing Mediterranean 
moist air masses to rise over the Alpine-Dinaric barri-
er (Pristov, et al., 1982).

The absence of intense precipitation and thus signif-
icantly lower incidence of flash flooding during me-
teorological winter and spring are attributed to low-
er temperatures and lower air humidity in this part 
of the year preventing the formation of more intense 
weather events. Convective processes are also less pro-
nounced. Moreover, in winter, precipitation at high al-
titudes is typically in the form of snow, preventing di-
rect runoff. At this time of the year the polar front with 
its Mediterranean cyclones is located mostly over the 
Mediterranean, i.e. more to the south. Consequently, 
these cyclones have a lesser impact on weather in Slo-
venia during meteorological winter. Cold air from the 

north is somewhat heated, when it travels in spring 
over the partially warmed up mainland of Western 
Europe, while at this time of year, air over the Medi-
terranean is not yet completely warmed up. When the 
air masses meet, the temperature difference between 
them is fairly small and, therefore, the activity of cy-
clones and fronts during meteorological spring is also 
more moderate (Furlan, 1961).

Next we compared the seasonal distribution of 
flash flooding between more and less distant time pe-
riods, with the year 1950 once again serving as a dis-
tinction point, after which the vast majority of flash 
floods that occurred were also recorded. Up until and 
including 1950, flash floods were primarily a charac-
teristic of meteorological autumn when 56% of floods 
with a known month of occurrence took place. Only a 
bit less than a quarter of flash floods occurred during 
meteorological summer (24%), while 12% and 7% oc-
curred during meteorological spring and winter, re-
spectively (Figure 3 (c)). It should be noted that dur-
ing this earlier period a relatively large proportion 
of floods did not have a known month of occurrence 
(24%), hence the baseline relationship between the in-
dividual seasons is most likely somewhat skewed.Re-
garding floods that occurred after 1950, the situation 
is significantly different, since most floods (46%) oc-
curred during meteorological summer. Slightly fewer 
(45%) occurred during meteorological autumn (Fig-
ure 3 (d)). The remaining 10% occurred during mete-
orological winter and spring.

Based only on the available past flash flooding data, 
up until and including 1950, flash floods were primari-
ly a characteristic of meteorological autumn. Post-1950 
meteorological summer caught up with and eventual-
ly slightly surpassed meteorological autumn in terms 
of flash flood numbers. As was the case with analys-
ing the frequency of flash flooding over centuries, the 
real picture of the seasonal distribution of flash floods 
is also significantly distorted by the lack of sources 
from the more distant past. We presume that, in the 
more distant past, more severe, catastrophic and ex-
tensive floods that affected a large number of people 
were more likely to have been recorded. Such floods 
generally occur in specific synoptic situations that 
lead to heavy and intense precipitation over a wider 
area. This is usually a characteristic of meteorologi-
cal autumn. Certainly there are comparatively few-
er records of less extensive, isolated floods occurring 
in the more distant past, since such floods usually af-
fect a significantly smaller number of people. These 
are more distinctive of meteorological summer. A lack 
of documented sources from the more distant past is 
therefore the most probable cause for the seemingly 
marked predominance of autumnal flash flooding up 
until and including 1950.
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The real picture of seasonal flash flood distribution 
can be revealed by analysing only flood events occur-
ring after 1950, as data for this period are more accu-
rate and complete. The period after 1950 is also char-
acterised by a pronounced seasonality of flash floods 
(Figure 3 (f)). Out of all floods where the month of 
occurrence was known (83 floods) 90% occurred be-
tween June and November –i.e. during meteorological 

summer or autumn (Figure 3 (d)). In terms of propor-
tion, meteorological summer had a slight advantage 
over meteorological autumn, but the difference was 
insignificant.

The results were slightly different when flash floods 
were classified according to astronomical (common) 
seasons, which has so far been the customary way of 
seasonally distributing floods in Slovenia (e.g. Bat, et 

Figure 3: Number of flash floods in Slovenia by month (e, f), meteorological (c, d) and astronomical season (a, b) 
during different time periods.
Source: author’s survey
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al., 2003; Brilly, et al., 1999; Kolbezen, 1998; Komac, et 
al., 2008; Mikoš, et al., 2004). Analysis of floods after 
1950 that had a known astronomical season of occur-
rence (80 floods) shows that summer was most pro-
nounced with 45% of all floods, followed by autumn 
with 34%, spring with 15% and winter with 6% (Figure 
3 (b)). These findings are comparable only to a limited 
extent to previous published literature on the seasonal 
distribution of floods in Slovenia. The difficulties arise 
mainly because this study focused on flash floods only, 
while others included also karst and riverine floods.

Looking at astronomical (Figure 3 (b)) instead of 
meteorological seasons (Figure 3 (d)), the differences 
in the seasonal distribution of flash floods are a larg-
er proportion of spring floods and a smaller propor-
tion of autumnal floods between 1951–2015. The larger 
proportion of spring floods is mainly due to late as-
tronomical spring floods in June (10 floods) that we 
classified under meteorological summer. The smaller 
proportion of autumnal floods is mainly due to the 
equally large number of late astronomical summer 
floods in September (10 floods), which we classified 
under meteorological autumn. A more detailed exam-
ination of the causes behind late astronomical spring 
floods in June and late astronomical summer floods 
in September showed that the former occurred mainly 
as a result of strong and relatively short duration con-
fined downpours, otherwise typical of meteorologi-
cal summer, while the latter occurred mainly as a re-

sult of prolonged heavy precipitation over a wider area, 
otherwise typical of meteorological autumn. It is clear 
that, compared to astronomical seasons, meteorolog-
ical seasons coincide considerably more consistently 
with typical seasonal synoptic weather situations that 
have the potential to cause heavy and intense precipi-
tation and hence flash flooding. Therefore, we see that 
by using meteorological seasons as a classifier, it is a 
lot easier to draw parallels between the seasonal dis-
tribution of floods and seasonal weather patterns that 
cause them.

The question that time will provide an answer to is: 
how will climate change affect the future seasonal dis-
tribution of flash floods in Slovenia? For instance, river 
discharge regimes have already significantly changed 
due to higher temperatures and increased evaporation, 
autumnal increases in precipitation, shallower snow 
depths, fewer days with snow cover and consequent-
ly reduced effects of snow retention (Frantar, Hrvatin, 
2005). Moreover, as can be deduced from the accom-
panying chart which shows the proportion of seasonal 
floods over a moving 11-year period between 1951 and 
2010 (Figure 4), in recent decades there is a small but 
notable increase in spring and winter flash flooding.
Therefore we assume that further rises in temperature 
along with potential changes in weather types (Kajfež-
Bogataj, et al., 2004; Stocker, 2014) could be followed 
by more intense weather events also during the peri-
od when flash floods otherwise occur less frequent-

Figure 4. The proportion of seasonal flash floods occurring within a moving 11-year period in Slovenia between 1951 and 2010
Source: author’s survey
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ly (the period between December and May). This way 
the established period of flash flood occurrence in Slo-
venia would be extended. In this regard the late De-
cember floods in 2009, which occurred as a result of 
heavy rainfall in combination with thaw (the snow 
line occasionally rose up to 2500 m) (Strojan, et al., 
2010), are perhaps an indication of an upward trend 
in winter flooding frequency. Another revealing ex-
ample is a torrential spring precipitation in May 2014 
that caused catastrophic flooding in a considerable 
part of Bosnia and Herzegovina, Croatia and Serbia 
(Kobold, et al., 2015), while missing Slovenia by only 
about a hundred kilometres. Had the cyclone, which 
caused this precipitation, travelled over a slightly dif-
ferent path, Slovenia would also have been among the 
affected areas.

Discussion and Conclusions
Different sources and literature reveal that in Slovenia 
flash floods occurred relatively frequently also in the 
past. The question that arises is to what extent has past 
flash flooding been actually documented and where 
are the various records stored? Evidently, the further 
back in time we go, fewer and fewer records of flash 
floods are preserved. On the other hand, quality and 
geographically relevant information on floods is pre-
served in sources dating back as far as the 15th cen-
tury (Zwitter, 2015). Nonetheless, it generally holds 
true that for the period before 19th century records 
on floods in Slovenia have, some exceptions aside, 
not been accumulated (yet). This does not necessar-
ily mean that they do not actually exist. Various data 
could probably be found in the archives of different 
institutions (Zwitter, 2013) which remains a challenge 
for the future. On account of the previously discussed 
nature of flash floods, the problem of a lack of data for 
past flood events of this type is one that is seen uni-
versally across Europe (Gaume, et al., 2009) and Slo-
venia is no exception.

Based on rough comparisons of flood dynamics be-
tween earlier and later periods, we estimate that the 
vast majority of flash floods that affected Slovenia 
were only actually documented after 1950. Before that, 
just the more severe and devastating flash floods were 
documented, as they affected a large number of peo-
ple and were therefore covered by the media of the day. 
Consequently, a detailed analysis of the frequency of 
floods and their seasonal distribution is (for now) sen-
sible exclusively for the floods that occurred after 1950. 
The results of our research for the period before 1950 
could therefore not be set alongside broader interna-
tional context nor compared with findings from oth-
er studies of historical floods in Europe. Consequently, 
the study also does not allow us to draw possible par-

allels between historical periods of more or less fre-
quent flooding (along with their causes) when looking 
at some neighbouring or nearby countries (e.g. Glaser, 
et al., 2010; Schmocker-Fackel, Naef, 2010).

In the 1951–2015 period, the frequency of flash 
floods in Slovenia had, on average, increased. Look-
ing at the linear trendline, which is not actually sta-
tistically significant, at the beginning of this period 
there was on average 1 flash flood per year, while at the 
end of the period there were already 1.6 flash floods 
per year. This finding is in line with those reached by 
Kobold (2011), who noted that in Slovenia, especial-
ly in small catchments where flash flooding is com-
mon, flow peaks in recent times have increasingly ap-
proached record historical levels or even exceed them. 
It is also possible to draw parallels between the in-
creased number of flash floods in Slovenia and trends 
of annual peak flows in neighbouring Austria, which 
since 1976 in catchments smaller than 500 km2 (ac-
cording to Gaume, et al. (2009) the arbitrary limit for 
the occurrence of flash floods) have been mostly posi-
tive (Blöschl at al., 2012). On the other hand the first 15 
years of the 21st century, which at the same time rep-
resent the last 15 years of the studied period, were be-
low average compared to the entire period after 1950 
in terms of the number of floods. But on the contrary, 
at least five flash floods occurred during the said pe-
riod that were extremely severe and caused a substan-
tial damage. A decline in flash flood frequency in the 
beginning of 21st century in Slovenia contrasts with 
the findings of several similar studies elsewhere in 
Europe. Archer, et al. (2016) for instance found flash 
flood frequency to have increased in Northeast and 
Southwest England in the first decade of 21st century. 
Increases in flash flood frequency between 1999 and 
2009 have also been reported for several Central Eu-
ropean countries such as Poland, Slovakia and Roma-
nia (Bryndal, 2015; Solín, 2008). Such discrepancies 
only further confirm the existence of significant dif-
ferences in flood dynamics between different parts of 
Europe.

Due to the relatively short duration of selected 
1951–2015 period (65 years) and the large variability 
of flash flood events, we cannot provide a definitive 
answer to the question about possible future chang-
es in their frequency in Slovenia. The observed trends 
in frequency of flash floods could be extrapolated, al-
though, as Archer, et al. (2015) argue for flash floods in 
the UK, such projections are not reliable and can only 
be informative. Based on previous dynamics of flash 
flooding in Slovenia one can generally expect a rough-
ly similar frequency of flash floods as was in past, i.e. 
approximately 1.3 flash floods per year. But if dooms-
day scenarios about future climate changes, which 
predictan increase in the intensity of precipitation 



Frequency and seasonality  
of flash floods in Slovenia

208 Geographica Pannonica • Volume 21, Issue 4, 198–211 (December 2017)

and consequently an increase in extreme discharg-
es (Kajfež-Bogataj, et al., 2004; Kobold, 2009; Stock-
er, 2014) were to play out, the frequency of flash floods 
and their magnitude should in a long run increase in 
the future. According to Alfieri, et al. (2015) Slovenia is 
among the top five European countries that are about 
to face the most dramatic rise in flood frequency of 
events with a return period exceeding 100 years. This 
fact should definitely be taken into account when con-
sidering any further interference in the landscape.

As Macdonald (2012) stress, a detailed assessment 
of long-term flood seasonality requires confidence in 
the accuracy and completeness of flood records. Giv-
en a lack of records for the distant past in Slovenia, 
comparisons of flash flood seasonality between differ-
ent periods are difficult to develop with certainty in 
terms of determining in which season events most of-
ten occur. Judging from flash floods that occurred af-
ter 1950, meteorological summer is slightly ahead of 
meteorological autumn in this regard. We note that 
previous authors addressing the problem of flooding 
seasonality in Slovenia (e.g. Bat, et al., 2003; Brilly, et 
al., 1999; Kolbezen, 1998; Mikoš, et al., 2004) put an 
exaggerated emphasis on spring flooding and paid lit-
tle attention to summer flooding, while we see that the 
former is actually far less frequent than the latter. This 
situation comes about probably because according to 
discharge regimes the majority of Slovenian rivers 
have one of the peaks in spring (due to snow melting) 
and one of the lows in summer (a result of substan-
tial evaporation) (Frantar, Hrvatin, 2005). However, 
past flood experience seems to show that discharge 
regimes and flood regimes are not necessarily relat-
ed. Similarly, studying the seasonal characteristics of 
flood regimes across the Alpine–Carpathian range, 
Parajka, et al. (2010) noted that extreme events (like 
flash floods) in certain catchments are likely to occur 
in particular months regardless of the average occur-
rence of all annual peaks considered.

Drawing on data from past flood events, one can 
expect that, in future, the majority of flash floods in 
Slovenia will occur between June and November due 
to specific climatic conditions (Ogrin, 1996). Neither 
are people living on flood prone areas in Slovenia safe 
from flooding between December and May, since, on 
average, approximately every tenth flash flood occurs 
during that period. We assume that raised tempera-
tures caused by climate change and changed weath-
er types (Kajfež-Bogataj, et al., 2004; Stocker, 2014) 
might be followed by occasionally more intense weath-
er events also during the periods when flash floods are 
generally less frequent (the period between December 
and May). Consequently, in the future, flash flooding 
periods might be prolonged, which is already appar-
ent in the slight increase in frequency of spring and 

winter floods. Long-term changes in flood seasonal-
ity have already been observed by several authors for 
different parts of Europe (e.g. Blöschl, et al., 2017; Ar-
heimer, Lindström, 2015; Macdonald, 2012; Petrow, 
Merz, 2009), which suggests that such changes should 
be taken very seriously.

In literature dealing with the problem of flooding 
in Slovenia, the seasonal distribution of floods is tra-
ditionally presented according to astronomical sea-
sons. In this study we show that, compared to astro-
nomical seasons, meteorological seasons coincide 
considerably more consistently with typical seasonal 
synoptic weather situations that have the potential to 
cause heavy and intense precipitation and hence flash 
flooding. We recommend that, in order to facilitate 
the identification of correlations between the season-
al distribution of floods and seasonal weather patterns 
that cause them future analyses of flood distribution 
(regardless of their type) also rely on meteorological 
seasons. Not least since the majority of similar studies 
also examine seasonality of flooding by focusing on 
months, groups of months or meteorological seasons.
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