EXTREME AUGUST 2023 FLOODS IN SLOVENIA -
THE LESSONS LEARNED FOR PUBLIC WATER INFRASTRUCTURE
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ABSTRACT

August 2023 floods affected more than a quarter of Slovenia and caused approx. 9.9 billion € of damage, using the internationally recognized
PDNA methodology ("Post-Disaster Needs Assessment"). Besides 5000 houses and industrial facilities, water, road, railway and communal
infrastructure was damaged. Immediately after the event, parallel to civil defence and emergency units that were in charge for disaster relief
and rescue, water management state concessionaires started with first intervention works to ensure road connections and remove deposited
sediments and (large) woody debris from river channels. During this first phase of intervention some issues due to lack of field working
teams arose, and other coordination issues among responsible infrastructure managers (Water Agency, Infrastructure Agency, municipalities).

Intervention works were on-going in early 2024 and will take further months to be finished.

INTRODUCTION

Early in August 2023, large parts of Slovenia were hit by extreme weather (storms, wind) releasing large amounts of precipitation in this
summer time — unusually heavy floods and numerous subsequent landslides were the consequence. A more detailed overview of the ex-
treme event is given in a companion paper by Miko$ and Bezak (2024), some consequences are shown here in Figures 1 to 3. The paper
discusses the lessons learned from the first interventions (response phase), with some thoughts how to successfully enter into the recon-

struction phase of the devastated areas.

Slovenian Water Agency (orig. DRSV) established a special web page dedicated to August 2023 Floods (https://poplave2023.evode.si/) and
one can see on this web page the following data:

e ortho-photo of flooded areas available in web (https://geohub.gov.si/atlasvoda)

e 1000+ locations of current intervention worka on watercourses after the August 2023 floods (in progress, partially completed, complet-

ed)

The Government of the Republic of Slovenia submitted in late October 2023 an application for a financial contribution from the European
Union Solidarity Fund — 100 million EUR was already transmitted in 2023, and 300 million EUR will follow in 2024. From this Fund, reme-

diation works on watercourses are eligible costs.

Figure 1: Intense erosion and destroyed local road — interaction of local and torrent (water infrastructure). Moste in Zirovnica municipality (photo: authors).
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Figure 3: Destroyed bridge on the local road Poljane nad Skofjo Loko, Locivnica torrent, tributary of the Poljanska Sora River (photo: authors).

The Reconstruction, Development and Financing Act was adopted in the Slovenian Parliament in December 2023, proposing with regard to

further recovery and recontruction of watercourses the following actions:

e 2 possibility (not an obligation) that a part of regular maintenance of watercourses of the 2nd order (smaller rivers and streams, but
also all torrents!) goes from a few state concessionaires (state public utility service) to local communities (we have 212 municipalities
in Slovenia) — annual plans should be prepared in cooperation with Slovenian Water Agency,

e flood protection works can be more easily built on agricultural land,

¢ removed and non-contaminated woody debris and river sediments can be used for reconstruction works and flood protection else-
where in the devastated areas, if the investor is the State or a municipality,

e local communities in affected areas may, with a prior consent of the Ministry responsible for waters, and at the expense of the State,
provide for the execution of the necessary works if they are not carried out by the concessionaire in order to prevent imminent danger

to human lives and health, and property.
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RESPONSE/INTERVENTION PHASE — INTERVENTION MEASURES IN DEVASTATED WATERCOURSES

Due to the fact that more than a quarter of Slovenia was affected by the August 2023 floods and close to 10,000 subsequent landslides, the
extent of damage exceeded the capacity of available resources (heavy machinery, trucks, special equipment) of state concessionaires for
water management and roads. First task was a prioritization of measures because the floods damaged water infrastructure, road infrastruc-
ture, communal infrastructure, houses, industrial facilities and approx. 10.000 new landslides were triggered during this event. First priority
was to establish road connections (including temporary bridges) and to provide fresh water supply for population and industry. Since state
concessionaires were preoccupied, local communities and municipalities activated their own contractors to help with the intervention works
on water courses. Otherwise, main priority of municipalities should be their own infrastructure including local roads, local water supply
pipelines and sewer infrastructure. With all these additional working teams and machinery, the interventions process became practically
impossible to control in terms of providing professional solutions and managing expenses. No proper documentation was provided for
these works and they were executed often based on experiences and fast judgement. We are aware of a potential “longevity" of so-called
temporary intervention measures. Planned reconstruction of the areas should include also needed reforming of these temporary measures,
so that final solutions can be applied — in line with international directives and taking climate change and increased flood resilience fully
into account. Local communities were also very intensely involved in helping people to clean their own properties and in coordination of

all the volunteers.

One of the tasks in the first weeks after the event (deadline for the preliminary damage assessment was September 1, and for the final one
on September 22, 2023) was damage assessment to be reported into the AJDA database (https://ajda.projekti.si/). Due to preoccupation with
intervention works we assume that damage assessment on water infrastructure was later carefully revised — the final direct and indirect dam-
ages were estimated in January 2024 to nearly 3 billion EUR (Miko$ and Bezak, 2024). First problems, related with intervention expenses
already emerged, since municipalities were not awarded or not informed enough to know which expenses will be reimbursed by the State

and which not. This fact posed great financial exposure and liquidity problems for municipalities with high damages and lower budgets.

After the completing the intervention (water, road and local infrastructure) quite some measures will not be compliant with (at this time non
existing) long term recovery plans that have yet to be prepared. The Slovenian Agency for infrastructure had a lot more funding in the past,
compared to Slovenian Water Agency, which resulted in better organisation in the field, with better equipped and more numerous teams of
state concessionaires. This led to the fact that road infrastructure was faster rebuilt and a lot of measures was also carried out in river and
torrent channels to protect road construction. Unfortunately, these temporary measures in rivers not fully respecting river dynamics and
hydraulics should be reconstructed during the final recovery phase. These situations should be prevented in future with better coordination

of involved parties (water and road infrastructure Agency).

The August 2023 floods in Slovenia have shown a need of a better cooperation of state concessionaires in road and water management
among themselves and with rescue and disaster relief units led by the State and local Civil Defense units that have done a really professional

job under circumstances during this largest natural disaster in Slovenia after getting independent in 1991.

FROM INTERVENTION TO RECOVERY — A HARD TRANSITION

The end of the intervention phase must be followed by a recovery phase. The first problem is to re-coordinate, both in terms of content and
timing, the different stakeholders or state and local infrastructure managers. The second is how to carry out the rehabilitation work in a way
that does not generally conflict with mitigation measures to reduce flood risk in the long term. The latter would require up-dated and new
strategic documents, including all the necessary mitigation measures, which would be coordinated with each other. The last such documents
were prepared for most river basins in Slovenia in the 1990s. Therefore, it will probably be necessary to think carefully and implement the
rehabilitation in parallel with the preparation of long-term flood risk reduction plans at river basin level. Many spatial planning acts, both
national and municipal, are also linked to this process and need to be adapted for implementation of flood risk mitigation measures. First
step in this direction is ongoing preparation od so-called master plans for 4 most affected river basins (Sora, Kamniska Bistrica, Savinja, and
Meza). The goal of these documents is to prepare strategic overview of flood risk reduction measures in a long term scheme, but also to

prevent that recovery measures will not be implemented in disharmony with long term plans.

Back to the coordination challenge between the different infrastructure managers. Communication between stakeholders is a great challenge
and each Agency and each municipality should do everything to coordinate the intervention measures with the others. An example of lack
of coordination is the fact that the municipalities have been given rehabilitation funds and a deadline of 12 months to complete all the
intervention works, while the Slovenian Water Agency is still preparing the intervention programme and coordinating it with the emerging
strategic plans at river basin level (so called master plans). Municipal infrastructure is highly interconnected with national infrastructure, at
least this is true for water infrastructure. Many municipal roads, bridges and other infrastructure run directly along watercourses that means

that rehabilitation is not possible without interfering with the watercourse. Similarly, many bridges cannot be renovated without major
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intervention in the watercourse (bank realignment, level adjustment, ensuring an adequate flow profile) due to the river body. Therefore,
rehabilitation works need to be coordinated first in terms of timing and then in terms of content. The first such question that rises is, which
hydrological data should municipalities use for recovery designs. If the recovery of the municipal and road infrastructure is to precede the
water infrastructure, it is important to coordinate the work at least in terms of content, so that the municipal and road interventions are not
unprofessional and incomplete from a water management point of view. This may also be due in large part to the possible emergence of
new designers and contractors who are not experienced in water management and landslides, but who have seized the opportunity of the

high demand at the time of the rehabilitation.

The problem of the planned rehabilitation is also financial - in terms of time. A large part of the reconstruction is planned to be financed by
the State Recovery and Resilience Fund, which has a deadline of 2028 for the completion of all works, including measures to reduce flood
risk in the long term. Given the extent of the damage and the amount of damaged sections after August 2023 floods, this is an unrealistic
plan. It is therefore more realistic to finance these works through cohesion funding, which again has its own conditions for disbursement,
but final deadline in 2028. A large part of the problem is the aforementioned lack of strategic documents, since for many watercourses there
are not even the bases on which to base the spatial planning acts. The spatialisation of flood protection measures is a major problem in
Slovenia. The case of 2007 Zelezniki Flood, a dry retention basin is being built in the period 2023/2024. The south-west part of Ljubljana,
where the National Spatial Plan (i.e., DPN) for the measures was adopted in 2004, the project documentation for the Razori dry retention
basin is being prepared for 2024. But the timing of construction is questionable, given that the investor (Slovenian Water Agency - DRSV)
has not yet acquired most of the land, needs for construction of all the measures. For this reason, the expectation that the flood protection
measures will be built by 2026 poses a great challenge for the authorities. The amendment of the legislation covering the spatial planning

of buildings will also need to be seriously considered.

The key in this situation is therefore to start in parallel with coordinated rehabilitation works and the preparation of a long-term strategy for
flood risk reduction at the river basin level, which will also include systemic measures such as the amendment of the necessary legislation
for the siting of measures, the relocation of settlements to non-flood-prone areas (construction off-site), the expropriation of landowners for
the siting of measures, and, above all, the preparation of the appropriate baselines for the planning of all the measures, including those in

the field of water management, as well as those in the field of roads and municipal infrastructure.

THE WAY FORWARD — TO RECONSTRUCTION OF THE AFFECTED AREAS

The basis for flood hazard and risk maps in Slovenia are so-called hydrologic-hydraulic studies that locally assess flood risk in the form of
flood risk maps, predominately prepared by private sector and not by state agencies — these studies does not include woody debris issues
and river morphology changes during floods. The distribution of these flood risk maps as patches can be seen in the web platform Atlas

voda (https://geohub.gov.si/atlasvoda). We should stop working in this way and instead of that introduce the following flowchart:

e  Flood risk assessment should be prepared or at least coordinated by state agencies and not left to the laws of the market (quality as-
surance and cost-benefit reasons, avoid prevailing local interests).

e  Hydrological studies should be performed as stand-alone studies at the scale of large watersheds considering climate change impacts,
uncertainty regarding storm/precipitation patterns, and assessing large woody debris and sediment supply from tributaries (i.e., torren-
tial watersheds) into main watercourses.

e  Hydraulic studies should concentrate on recognising flood-prone areas and their categorisation into hazard classes on the basis of
up-to-date hydrological studies, developing a set of possible scenarios considering fluvial geomorphological changes, impacts of large
woody debris on infrastructure (dams, small hydro power plants, bridges, water intakes, etc.) and excessive sediment supply from
tributaries, and their consequences for flood dynamics and thus hazard classes — uncertainty should be introduced into flood risk as-

sessment.

In order to develop a methodology for assessment of (fluvial) erosion hazard in the river network, a targeted research project was approved
by the Ministry of Natural Resources and Spatial Planning. This methodology should complement the methodology for flood hazard assess-
ment that takes into account clear flood water dynamics (water depth and water velocity) to categorise flood prone areas into flood hazard
classes. Within flood prone areas (Q10, Q100 and Q500) fluvial erosion processes are considered only as a threat of devastating flood areas
with deposited (fine) sediments of a certain depth. No other fluvial geomorphological processes (bank erosion, channel shifting, avulsion,
widening, etc.) are accounted for, including large woody debris. The August 2023 floods exposed (additionally to poor state of torrent con-
trol works in the past decades) the weakness of the existing methodology for flood hazard and risk assessment: the most devastated parts
in Slovenia were not affected only by flooding waters, but also with mass movements and intense erosion/deposition processes. Torrential
watersheds now hide numerous activated landslides with a potential for debris flows in the future. Sediment transport and debris flow mod-

elling should be included in torrential flood hazard assessment. This approach should also be considered when designing culverts under
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forest roads. During August event numerous state and local roads were closed due to mass/debris flows. Particularly in Koroska region,
where some of the state roads are still closed due to frequent mass flows during every rain event. Torrent control works are essential for

effective flood protection in Slovenia, since large parts of Slovenia are torrential areas.

Very urgent task for the Slovenian Water Agency is also to finish the inventory of water infrastructure in Slovenia — this is a long due task
that (Sodnik and Mikos, 2013; Sodnik et al., 2014) is needed to plan adequate annual financial means for regular maintenance. A possible
improvement is also to get over fragmented and uncoordinated planning by having one state concessionaire for watercourses with local
offices — in the sense of the former Slovenian Torrent Agency (i.e., PUH), only that the agency should take over integrated management of

whole watersheds under the hood of Slovenian Water Agency (i.e., DRSV).

CONCLUSIONS

Transition from intervention to recovery and reconstruction is demanding also due to lack of strategic documents on the river basin level.
Therefore, it will probably be necessary to think carefully and implement reconstruction in parallel with the preparation of long-term river
basin flood risk management plans. An extreme event like August 2023 floods also exposes systematic weaknesses of existing water man-
agement organization. Is the system with 9 state concessionaires the right way to go? Does existing methodology for flood hazard assess-
ment address all the questions since this event showed that torrential hazards (mass/debris flows) were a big problem, besides high peak
discharges of water. An event like this should be a trigger for profound debate about the existing solutions and what can we learn and do

better in the future, especially if we consider climate change and potentially higher frequency of extreme events.

It is of paramount importance to steer the focus of flood risk management in Slovenia away from classical civil protection emergency-res-
cue-relief-recovery approach to a more clear vision of increasing and intra-sectoral flood resilience, where knowledge of fluvial processes
(high quality expert documents for river engineering and torrent control, river supervisors, state concessionaires with local offices, enhanced
state regular maintenance using new human and financial resources, bottom-up approach for water governance and action plans involving
all stakeholders, etc.), as a complex system, based on field visits, extensive monitoring (including remote sensing), expert knowledge (in-

cluding citizen science) find its role for prevention and preparedness as a part of enhanced flood resilience.
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