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Abstract. Extreme floods occurred from 4 to 6 August 2023
in Slovenia causing three casualties and causing total direct
and indirect damage, including post-disaster needs accord-
ing to the Post-Disaster Needs Assessment (PDNA), close
to EUR 10 billion. The atypical summer weather conditions
combined with the high air and sea temperatures in the
Mediterranean and the high soil moisture led to the most
extreme flood event in Slovenia in recent decades. The re-
turn periods of both daily and sub-daily precipitation ex-
tremes and peak discharges reached 250–500 years, and the
runoff coefficient of a typical torrential and mostly forested
mesoscale catchment was around 0.5. In addition, flood-
ing, soil erosion, mass movements and river sediment trans-
port processes caused major damage to buildings (more than
12 000 houses) and diverse infrastructure.

1 Introduction

Slovenia is a relatively small country in Central Europe (ap-
prox. 20 000 km2) that is located in temperate–continental,
Mediterranean and alpine climates, and where mean annual
precipitation (1981–2010) ranges from below 900 mm in the
eastern part of the country to more than 3000 mm in the west-
ern part (Dolšak et al., 2016). In combination with complex
topography and lithological characteristics, extreme rainfall
events can generate significant soil erosion and mass move-
ment processes that endanger around 45 % of the country
(Mikoš et al., 2004). Flood risk is a potential threat for more
than 5 % of the total surface. Hence, extreme floods and mass
movements occur relatively frequently, causing significant
economic damage and human fatalities (Bezak et al., 2016;

Mikoš, 2021; Mikoš et al., 2004; Špitalar et al., 2020). Due
to climate change (Kaitna et al., 2023; Tarasova et al., 2023),
extreme rainfall events will become more frequent and more
extreme, leading to more severe floods and mass movements.
The main objective of this brief communication is to inves-
tigate the main drivers, mechanisms and impacts of an ex-
treme flood event that occurred in August 2023 in Slovenia,
Europe. We conduct a preliminary hydrological investigation
of the main characteristics of this event in order to (i) provide
basics for effective remediation measures that will follow the
concept of “building back better” and (ii) provide useful ex-
amples of lessons learned that could benefit other countries
and will increase flood resilience in Slovenia.

2 August 2023 floods in Slovenia

2.1 Drivers and triggering mechanisms

The first half of 2023 was relatively wet in Slovenia com-
pared to previous years, as almost all parts of the country
recorded more than 50 % of the total annual rainfall by the
end of June. In Slovenia, the autumn period is usually the
wettest period of the year and main flood events and big mass
movements occur in the period from September to Decem-
ber (Bezak et al., 2016; Mikoš et al., 2004; Špitalar et al.,
2020). Summer (June to August) is usually the period with
smaller amounts of rainfall but with thunderstorms that can
yield high rainfall erosivity (Panagos et al., 2016). By the end
of July 2023, the western part of the country recorded around
50 % of mean annual precipitation; this number was close to
80 % for some locations in the eastern part of the country and
close to 70 % in the central part of Slovenia. In July 2023, the
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monthly rainfall total in many parts of the country was 2–
3 times higher than the long-term average (ARSO, 2023a).
Additionally, several extreme storms occurred in May, June
and July (ARSO, 2023b). More specifically, within 3 months
the Slovenian Environment Agency (ARSO) prepared 11
web reports about extreme weather events. Orange or red
weather alerts were issued several times for parts of Slove-
nia on meteoalarm.org. For example, in July, eight orange
weather alerts (thunderstorms, rain or wind) and three red
weather alerts (thunderstorms, rain or wind) were issued
by the Slovenian Environment Agency (ARSO) for parts of
Slovenia. Consequently, soil moisture was relatively high be-
fore the August 2023 flood event (Fig. 1). Summer thunder-
storms that occurred in May–July also triggered smaller land-
slides and soil slips, and they damaged forest cover by local
windthrows. The damaged wood could not be cleared away
before the extreme event in August 2023 (Fig. 1).

An additional important driver that caused the August
extreme event was the relatively high temperature of the
Mediterranean Sea and Adriatic Sea as at the beginning of
August. The average sea temperature in July 2023 was more
than 2 ◦C above the long-term average (see Fig. 6 shown in
ARSO, 2023a). The same applied for some other regions
around the globe (Climate Copernicus, 2023). On 3 Au-
gust, cold Atlantic air moved across the Alps to the west-
ern Mediterranean. At the same time a low-pressure cyclonic
area was formed over the northern Mediterranean and the
weather front stayed over the area of Slovenia from Fri-
day night (4 August 2023) until Saturday morning (5 Au-
gust 2023) (ARSO, 2023a). A synoptic chart was provided by
the Slovenian Environment Agency (ARSO, 2023a). Those
weather conditions are highly unusual for summer and are
more typical for autumn or winter, when the sea tempera-
ture is lower (ARSO, 2023a). The first storms occurred in
Slovenia on Thursday (3 August 2023) evening, while on
the night from Thursday to Friday extreme storms and heavy
rainfall hit large areas of the western and northern part of
the country (ARSO, 2023a). Flooding started early on 4 Au-
gust. Rainfall (a bit less intense) continued through Friday
and Saturday and slowly moved from the central and north-
ern part of the country to the eastern and southeastern parts
(ARSO, 2023a) (Supplement Fig. S1). In most parts of the
country rain stopped on Sunday 6 August (ARSO, 2023a).
Therefore, extreme rainfall triggered numerous local mass
movements (i.e., shallow landslides, deep-seated landslides,
soil slips, debris flows), surface soil erosion and intense flu-
vial sediment transport processes including extensive flood-
ing. Rainfall maps showing accumulated rainfall for differ-
ent durations were prepared by the Slovenian Environment
Agency (ARSO, 2023a) (Fig. S1).

Rainfall characteristics for specific locations shown in
Fig. 2 are also presented in Table 1. For 12 out of 26 loca-
tions (i.e., Kamniška Bistrica, Šmartno pri Slovenj Gradcu,
Žiri, Pasja Ravan, Letališče Jožeta Pučnika Ljubljana, Kr-
vavec, Luče, Gornji Grad, Radegunda, Mežica, Ravne na Ko-

roškem, Uršlja Gora) shown in Table 1, the rainfall return
period exceeded 250 years according to the latest intensity–
duration–frequency curves for Slovenia (https://crossrisk.eu/
sl/climate, last access: 15 November 2023). It should be
noted that rainfall numbers were calculated for return peri-
ods of only up to 250 years in Slovenia. For 24 h rainfall
numbers (maximum during the event is shown), for 7 out of
26 stations (i.e., Kamniška Bistrica, Pasja Ravan, Žiri, Letal-
išče Jožeta Pučnika Ljubljana, Krvavec, Luče, Radegunda),
shown in Table 1, the return period was over 250 years.
Hence, it is clear that rainfall numbers were very extreme.
However, for some of the stations shown in Table 1 we also
managed to calculate the 24 h probable maximum precipi-
tation (PMP) (World Meteorological Organization (WMO),
2009), which was 670, 410, 890 and 340 mm for the Kam-
niška Bistrica, Slovenj Gradec, Bovec and Sevno stations, re-
spectively. Thus, it can be seen that theoretically 24 h rainfall
can be even higher in the future compared to the August 2023
extreme event, which caused such extensive flooding. Addi-
tionally, the Pasja Ravan station recorded 217 mm of rain in
12 h, which is more than 50 mm above the rainfall number
associated with a return period of 250 years (determined us-
ing historical rainfall data). Moreover, from 3 until 6 August
this area around Pasja Ravan station received around 320 mm
of rain (Fig. S1), which indicates that total quantity of water
was around 3200 t ha−1.

We also calculated the rainfall erosivity (R) of the Au-
gust 2023 event (i.e., from 3 to 6 August) based on the same
methodology as used by Panagos et al. (2023) (Table 1). We
also calculated the ratio between the rainfall erosivity R of
this extreme event and the mean annual R (Table 1). It can
be seen that this ratio is higher than 100 % for 14 stations and
even higher than 150 % for seven stations (Table 1; Fig. 2).
This confirms previous studies that showed that the tempo-
ral distribution of R can be highly uneven and a few ex-
treme events can generate the major part of the annual rain-
fall erosivity (Bezak et al., 2021). For nine stations, the 4 d
(i.e., from 3 to 6 August) rainfall erosivity was higher than
2300 MJ mm ha−1 h−1 yr−1 which is the mean annual ero-
sivity in Slovenia (Panagos et al., 2015). The areas with the
highest rainfall intensity (and thus erosivity) were the most
affected ones with respect to floods. Moreover, in Slovenia,
rainfall erosivity is expected to increase by 33 %–42 % (de-
pending on the RCP scenario) by 2050 and even 52 % by
2070 based on the projections of 19 climatic models (Pana-
gos et al., 2022).

2.2 Hydrological conditions of the August 2023 floods
in Slovenia

The weather situation described in Sect. 2.1 generated ex-
treme local floods that according to the satellite-based data
(Copernicus Emergency Management Service, 2023) cov-
ered more than 7.5 km2 (Fig. S2) – the preliminary data col-
lected in the field show that this estimation is severely un-
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Figure 1. Panels (a) and (b) respectively show mean daily and monthly soil moisture for the Sava River catchment in Slovenia according
to the satellite-based soil moisture climate data following the ESA Climate Change Initiative soil moisture version 03.3 (CDS Climate
Copernicus, 2023). The vertical dotted red lines indicate 31 July 2021, 31 July 2022 and 31 July 2023. Panels (c) and (d) show the situation
in the Brezovški graben torrent (Bezak et al., 2020) at the end of July 2023 (Sodnik et al., 2023).

derestimated because of the potential limitations of remote
sensing data (e.g., not all flooded areas could be identified)
and torrential characteristics of the flood event. For exam-
ple, a first estimate was that more than 160 km2 only of agri-
cultural areas were flooded. Additionally, close to 90 % of
all municipalities in Slovenia reported some kind of dam-
age (i.e., only 30 out of 212 municipalities did not reported
damage) due to extreme rainfall, floods and mass move-
ments (ARSO, 2023a). Hence, the hydrological situation was
severe and for numerous gauging stations the preliminary
data show that the return period of the event was more than
500 years (Fig. 3). Significant morphological changes can
also be observed from the orthophoto images taken directly
after the August 2023 flood event in the most endangered
areas (Fig. S3). Based on the preliminary data that are avail-
able from the Slovenian Environment Agency (ARSO), we
also calculated runoff coefficients during the event. For ex-
ample, for the Kamniška Bistrica River, which was one of
the most affected areas, the runoff coefficient up to the Kam-
nik gauging station was around 50 % (i.e., the outflow vol-
ume equalled around 1/2 of total precipitation during the
event), while more than 300 mm of rainfall fell in this catch-

ment during the entire event (i.e., the runoff during the event
probably exceeded 150 mm in a few days). Additionally,
the peak discharge (i.e., 4 August at 05:30 CET; note all
times given in CET) occurred only a few hours after a first
significant rainfall intensity increase (from 3 August 20:00
until 4 August 03:30, the rainfall sum exceeded 130 mm).
For many locations around the country the peak discharges
recorded during the extreme August 2023 event were be-
low the maximum curves but above the average empirical
curves derived for specific discharges by Mikoš (2020) for
both 100- and 500-year return periods, respectively (Fig. 3).
However, the August 2023 event was lower than the max-
imum envelope thresholds derived by Mikoš (2020) based
on the results of the flood frequency analyses for all dis-
charge gauging stations in Slovenia (i.e., q100 = 30 ·A−0.4

and q500 = 40 ·A−0.4, where the specific discharge is in
m3 s−1 km−2 and A is catchment area in km2). Addition-
ally, we also derived an empirical threshold curve for the
August 2023 event (i.e., q2023 = 28 ·A−0.45, where q2023 is
the specific discharge in m3 s−1 km−2 and A is catchment
area in km2) that could be used in the future for the de-
sign of some mitigation measures in order to protect spe-
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Figure 2. Rainfall erosivity (R factor) from 3 to 6 August 2023 in Slovenia. Red bars represent the rainfall erosivity in August 2023 for 26
stations (as numbered in Table 1). Fuchsia bars represent the proportion (in %) of 3–6 August 2023 erosivity compared to the mean annual
erosivity. The dotted line represents 100 % of annual R (fuchsia) and 2300 MJ mm ha−1 h−1 (red). Background is the mean annual erosivity
in Slovenia taken from the European erosivity dataset (Panagos et al., 2015).

Table 1. Main characteristics of the extreme August 2023 rainfall event for selected stations in Slovenia. For the calculation of rainfall
erosivity, the same methodology was used as in Panagos et al. (2023).

No. Station Longitude Latitude 24 h rainfall 12 h rainfall 30 min rainfall 3–6 Aug 2023 R Percent of annual R

name [mm] [mm] [mm] [MJ mm ha−1 h−1] [MJ mm ha−1 h−1 yr−1]

1 Bovec 13.5538 46.3317 94.4 75.8 21.8 920 12 %
2 Kamniška Bistrica 14.6034 46.3087 242.5 201.7 29 5402 187 %
3 Šmartno pri Slovenj Gradcu 15.1112 46.4896 145.8 112.6 14.6 2190 113 %
4 Postojna 14.1973 45.7722 64.5 4.7 9.4 2271 74 %
5 Ljubljana 14.5124 46.0655 61.3 22.1 8.6 681 30 %
6 Črnomelj 15.1462 45.56 21.2 0 7.5 944 47 %
7 Maribor 15.626 46.5678 73.7 50.9 8.6 439 29 %
8 Sevno 14.9236 45.9821 48.9 1.9 6.9 964 44 %
9 Murska sobota 16.1913 46.6521 36.6 24.9 7 668 34 %
10 Žiri 14.1197 46.05 235.8 183.9 31.3 682 19 %
11 Pasja Ravan 14.2282 46.0979 254.4 217 29.8 3121 106 %
12 Topol 14.3713 46.0941 138.4 93.7 17.2 1053 47 %
13 Letališče Jožeta Pučnika 14.4784 46.2114 227.7 198.8 26.6 2041 112 %
14 Krvavec 14.5333 46.2973 196.1 165.1 30 1527 43 %
15 Logarska Dolina 14.6311 46.3936 142.4 138.2 24.3 4078 166 %
16 Luče 14.7488 46.355 218.9 189.8 28.3 2027 87 %
17 Gornji Grad 14.8063 46.2987 174.7 122.6 18.7 1335 57 %
18 Radegunda 14.933 46.3661 189.9 145.7 18 3673 172 %
19 Mežica 14.8596 46.5296 150 124.8 12.6 3403 170 %
20 Ravne na Koroškem 14.94 46.5477 157.3 127.2 16 1915 119 %
21 Uršlja Gora 14.9634 46.4849 183.1 146.8 18 2379 128 %
22 Velenje 15.1119 46.3603 108 66.8 12.3 3053 155 %
23 Celje 15.2259 46.2366 54.8 10.7 9.8 3907 208 %
24 Rogla 15.3315 46.453 98.4 61.4 11.9 3128 159 %
25 Hočko Pohorje 15.5875 46.4919 54.3 31.7 11.7 2192 133 %
26 Gačnik 15.6838 46.6178 74.1 55.5 12.1 1647 107 %
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cific areas from similar types of hydrological extremes. It
should be noted that the derived empirical envelope for the
August 2023 event fits well with the maximum unit peak
discharges for 2007 flood event (i.e., Marchi, 2023) that oc-
curred in the Selška Sora River catchment and caused six ca-
sualties (Marchi et al., 2009). Hence, potentially this empiri-
cal threshold curve for the August 2023 flood could be used
to design future flood mitigation measures since it is yielding
specific peak discharges close to the q100 maximum (Mikoš,
2020). We also made a comparison between the recorded
peak discharges (please note that discharge data have not
yet been verified by ARSO) and the envelope of maximum
floods in Europe (Herschy, 2002). It can be seen that although
the August 2023 floods in Slovenia were extreme, the mea-
sured peak discharge values were not even close to the em-
pirical envelope for largest floods in Europe. The same ap-
plies when comparing the specific peak discharge values for
the flood in August 2023 with the regional envelope curve
derived for alpine and alpine–Mediterranean catchments by
Amponsah et al. (2018). Therefore, this confirms the com-
parison of measured 24 h rainfall numbers with PMP, which
indicated that theoretically more rainfall could generate even
more extreme floods, especially due to increasing air and sea
temperatures. Hence, in the future, more extreme floods can
be expected in Slovenia.

Following the GCM/RCM climate project models pre-
pared by the Slovenian Environment Agency (ARSO) (Berta-
lanič et al., 2018) and using the calibrated rainfall–runoff
model for the Sava River catchment in Slovenia (up to the
Čatež gauging station), it can be estimated that the daily rain-
fall (average values for the entire Sava River catchment in
Slovenia) could increase from 5 to 14 mm by the year 2100
according to the RCP2.6, RCP4.5 and RCP8.5 scenarios. In
terms of discharge, this implies a potential rainfall increase
up to 3 mm per 100 years, which for the Sava River catch-
ment in Slovenia (catchment area over 10 000 km2) yields an
increase in runoff volume of 30 million m3 per event (e.g.,
1 day). If this event (i.e., flood wave) lasts 24 h, discharges
could be higher, around 350 m3 s−1, which represents around
40–60 cm higher water levels according to the rating curve of
this station. More extreme events like the one in August 2023
are therefore to be expected in the future, partly because this
type of late summer weather situation, which occurred in Au-
gust 2023, could become more frequent in the future due to
global warming. Additionally, we also estimated the travel
times of flood waves for Savinja and Sava rivers that had rel-
atively good data coverage during the floods. For both rivers
the travel time of the flood wave estimated based on the peak
discharge values was between 5 and 6 km h−1.

2.3 Torrential processes

The extreme rainfall event during the start of August
in Slovenia also triggered numerous shallow landslides
(slumps, slips) that are to be mapped in the field and their

volume estimated (as of early November 2023, close to 5000
landslides were recognised in the field so far). It also caused
local debris flows, debris floods and hyper-concentrated
flows with coarse debris transporting large amounts of sedi-
ments and woody debris, causing significant damage to road
infrastructure such as clogging culverts and collapsing 2
bridges. Moreover, this caused even more severe problems
with flooding due to sudden geomorphological changes such
as bank erosion and lateral course shifting (Fig. 4). A de-
tailed analysis of local conditions that lead to flooding and
overtopping of stream banks is needed to better understand
slope and fluvial processes during the August 2023 floods.

The rainfall erosivity and intensity was extreme, in most
locations exceeding 100 % of annual erosivity (Table 1;
Fig. 3). Additionally, the maximum 12 h rainfall intensity for
15 out of 26 stations (shown in Table 1) was larger than that
predicted by the empirical rainfall threshold curve for shal-
low landslides and debris flows developed by Caine (1980)
(see also Bezak et al., 2016). Hence, it is clear that the rain-
fall event triggered many landslides across the country that
should be surveyed using fieldwork and remote sensing tech-
niques. New landslides were triggered during late-summer
thunderstorms and prolonged autumn rainfall in September,
October and November 2023.

2.4 Impacts

According to the satellite-based data, more than 30 km of
roads were damaged and more than 700 inhabitants were af-
fected (Copernicus Emergency Management Service, 2023).
These numbers are significantly underestimated and the col-
lected field data will give more precise information about the
direct damage of floods and mass movements such as land-
slides. The preliminary data, published in media by different
sources such as civil protection, municipalities or agencies
in charge of road networks or water infrastructure, reflected
much higher numbers. An official report on damages to be
submitted to the Government of Slovenia is still due and will
give much better insight into the extent of this disaster. A pre-
liminary review of consequences known in the first 2 weeks
(in mid-August 2023) after the disaster can be summarised
as follows.

– There were 10 000 to 15 000 households affected. Out
of them, 34 houses were demolished and 484 residen-
tial buildings were unhabitable. On-site reconstruction
and rebuilding as well as off-site reconstruction (reloca-
tion) of damaged and demolished buildings are planned.
A new Reconstruction Act was approved in Decem-
ber 2023 that sets procedures for relocation of residen-
tial buildings in flooded areas.

– The extreme event took three lives, directly related to
floods (i.e., drowning) and affected tens of thousands of
residents and tourists.
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Figure 3. Panels (a) and (b) show flood frequency analysis of two gauging stations in Slovenia with confidence intervals derived using the
parametric bootstrap approach. Panel (c) shows a comparison of specific discharge values for multiple gauging stations in relation to average
specific discharge values derived by Mikoš (2020) (i.e., q100 = 3.81 ·A−0.282 and q500 = 5.407 ·A−0.308, where A is catchment area in km2),
maximum specific discharge values for Slovenia derived by Mikoš (2020) (i.e., q100−max = 30 ·A−0.4 and q500−max = 40 ·A−0.4) and a
comparison with equation proposed by Amponsah et al. (2018) for alpine and alpine–Mediterranean catchments (q = 120 ·A−0.4). Panel (d)
shows a comparison of peak discharge values for several gauging stations during the August 2023 floods with the envelope of maximum
floods for Europe as shown by Herschy (2002) (Q= 230 ·A0.43, where A is catchment area in km2; the equation is only valid for catchments
larger than 20 km2).

– Damages to business and industry were estimated to be
EUR 400 million – final estimates of flood damage in
late October checked by the government were close to
EUR 5 billion.

– The flooded agricultural land area was estimated to
16 000 ha.

– Reports from municipalities on landslides gave numbers
in several hundred; as of November 2023, their number
is above 5000.

– Initially, only 30 out of 212 municipalities in Slovenia
did not report any flood damage. By September 2023,
a total of 173 municipalities reported damage in the
AJDA Slovenian damage assessment system.

– Flood waters caused severe damage to local and re-
gional road and supply networks (drinking water, elec-
tricity, gas).

– Floods also polluted the topsoil and agricultural prod-
ucts with a variety of toxic substances that makes mon-
itoring and reclamation very difficult.

– The initial estimated damage from immediately after the
end of the events of EUR 0.5 billion was soon replaced
by much higher estimates totalling in excess of sev-
eral billion euros (a Reconstruction Act was approved
in December 2023, seeks financial resources for the re-
construction and further development of the devastated
areas totalling close to EUR 10 billion). This makes
the August 2023 floods the most extreme natural event
economically in Slovenia since becoming independent
from Yugoslavia in 1991.

3 Conclusions

The August 2023 flood disaster can be regarded as relatively
extreme and it was probably the most extreme flood event in
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Figure 4. Photographs of bank erosion and infrastructure damage (panels a, c and d) and mass movement processes (landslide in panel b)
across Slovenia during the extreme August 2023 floods, with focus on the upper Savinja River catchment (some photographs courtesy of
Igor Benko).

Slovenia in the last several decades (since the 1980s). The
economic damage (i.e., around EUR 10 billion of direct and
indirect damage including post-disaster needs, according to
the Post-Disaster Needs Assessment (PDNA)) was signifi-
cant at over 10 % of Slovenia’s annual gross domestic prod-
uct (around EUR 61 billion); the event also took three lives.
Due to effective and timely organization of civil protection
units and volunteer firefighter brigades, intervention activi-
ties (protection, evacuation and rescue) were generally ade-
quate with respect to some locally rather overwhelming sit-
uations, and the number of fatalities stayed relatively low.
Initially, ARSO provided rather accurate short-term severe
weather forecast (on 3 August in the morning) announc-
ing extreme weather potentially causing significant flooding,
and issued an orange alert (flood alert for majority of coun-
try) advising not just precautionary behaviour but also pos-
sible evacuation. Moreover, on 3 August at 13:00 a press-
conference was organized in order to warn people and acti-
vate all emergency services (e.g., civil protection, firefight-
ers). On 4 August at around 04:00, this was replaced by a
red alert (firstly for some sub-catchments). On 4 August at
around 09:00 a red flood alert was issued for majority of
country. The Geological Survey of Slovenia issued a warn-
ing about potential landslides on 3 August in the morning

and also attended a press conference where they warned peo-
ple about potential hazards. This led tot the relatively good
preparedness of local firefighters and civil protection units.

In a network of 26 meteorological stations, we noticed that
12 h rainfall intensity was higher than 100 mm at 13 stations
and the measured rainfall erosivity exceed the total mean an-
nual erosivity at 14 stations. Also, measured peak discharge
values for more than 20 gauging stations exceeded mean spe-
cific discharge curves with a 100-year return period (Fig. 3).
The derived specific discharge envelope for the August 2023
event was similar to the one from the 2007 flood in the Selška
Sora River catchment (Marchi et al., 2009). The return period
of the event (both rainfall and peak discharge values) was in
many locations in Slovenia over 250 or even over 500 years –
in a way not expected by the population and civil protection
despite the red alert. It should be noted that all meteorolog-
ical predictions underestimated the actual situation and con-
sequently the flood warning system by ARSO (Petan et al.,
2015) did not predict such extreme peak discharge values.
However, ARSO was able to issue timely warnings and orga-
nize a press conference before the event. Moreover, compar-
ison of measured rainfall events and PMP and recorded peak
discharges and historical European and regional envelope
curves indicates that potentially even more extreme events
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could occur in the future, especially due to warming climate
and sea. In Slovenia more than 55 000 buildings are located
in floodplain areas (i.e., threatened by extreme floods). As
a consequence, stakeholders and decision makers should fo-
cus on redirecting classical water management and flood risk
management towards intra-sectoral governance of flood re-
silience, taking into account best practices from around the
world. New governance may focus more on incorporating
nature-based solutions into structural flood measures (flood
control reservoirs, natural areas dedicated to floods without
infrastructure and extensive agriculture, green and blue in-
frastructure in urban areas); however. structural flood mea-
sures provided good protection in some areas (e.g., Sodnik
et al., 2023) during this event. In addition, the maintenance
of existing water infrastructure should be increased. In par-
ticular, financial investment in torrential areas should be in-
creased. Slovenia invests several times less in water infras-
tructure per river kilometre or per capita (Sodnik et al., 2015)
than neighbouring countries (e.g., Austria). Disaster risk re-
duction measures are well-invested money with high return
rates.

Code and data availability. The precipitation and discharge data
can be obtained from the archives of the Slovenian Environment
Agency (ARSO) (https://www.arso.gov.si/vode/podatki, ARSO,
2023c). The code used to conduct the analysis can be obtained upon
request from the corresponding author.
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