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Abstract

More than 20 years after the 2000 Stoze Landslide that devastated the village of Log pod Mangartom in NW
Slovenia, this paper gives a review of the short-term response to and disaster relief provided for this
catastrophic event, and further summarises this event’s effects on Slovenia’s efforts to improve its system of
preventing natural disasters caused by various forms of landslides. Recent advances in reducing landslide
disasters in Slovenia after 2000 are presented, including hazard and risk maps for landslides, rockfalls, and
debris flows based on modern methodologies. Also, a short overview is given of Slovenian international
cooperation on natural disasters. The developments in the landslide disaster risk reduction policy have
unfortunately been less obvious in terms of the state taking preventive measures by adopting relevant
legislation for adequate spatial planning.
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Izvlecéek

Po ve¢ kot 20 letih od plazu Stoze leta 2000, ki je opustosil vas Log pod Mangartom v SZ Sloveniji, ta ¢lanek
podaja pregled kratkoro¢nega odziva in pomo¢i ob nesre¢i ter nadalje povzema vpliv tega dogodka na
prizadevanja v Republiki Sloveniji za izbolj$anje sistema za preprecevanje naravnih nesrec, ki jih povzro¢ajo
razli¢ne oblike zemeljskih plazov. Predstavljen je nedavni napredek na podro¢ju zmanjSevanja nevarnosti
delovanja zemeljskih plazov v Sloveniji po letu 2000, vklju¢no s kartami nevarnosti in ogrozenosti za
zemeljske plazove, skalne podore in drobirske tokove, ki so bile izdelane na podlagi sodobnih metodologij.
Podan je tudi kratek pregled mednarodnega sodelovanja Slovenije na podro¢ju naravnih nesre¢. Razvoj
politike zmanjSevanja naravnih in drugih nesre¢ zaradi delovanja zemeljskih plazov je bil zal manj o€iten na
podro¢ju preventivnih ukrepov drzave, Ki bi s sprejetjem ustreznih zakonskih aktov okrepila preventivno
delovanje z njihovo uporabo v ustreznih postopkih prostorskega naértovanja.

Klju¢ne besede: drobirski tok, naravne nesrece, nevarnosti, Slovenija, tveganja, zakonodaja, zemeljski plaz
Stoze, zemeljski plazovi.
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1. Introduction

The 2000 Stoze Landslide, along with its
consequent debris flow that devastated the village
of Log pod Mangartom and claimed 7 casualties,
was the largest natural disaster of this kind in the
20th century in Slovenia. Its impact on landslide
research in Slovenia thereafter was the focus of the
companion paper (Miko§, 2020d). The current
paper, interested in the development of landslide
risk reduction policy in Slovenia thereafter, deals
rather with the question: “What lessons have been
learned from this event?”

Landslides, as a general term for various types of
slope mass movements (Varnes et al., 2014), are
frequent but localised natural events causing
significant human and economic loss around the
world (Fig. 1). Froude and Petley (2018) presented
a spatiotemporal analysis of a global dataset of fatal
non-seismic landslides, covering the period from
January 2004 to December 2016. The data show that
in total 55,997 people were killed in 4862 distinct
landslide events. Haque et al. (2016) presented a
spatio-temporal distribution of deadly landslides for
27 European countries over the 20 years (1995—
2014). Catastrophic landslides occur in broad
distribution throughout Europe, though with a
greater concentration in mountainous areas (i.e.
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including the Alps). In the studied period, a total of
1370 deaths and 784 injuries were reported,
resulting from 476 landslides. Slovenia was
recognised as a consecutive hot spot, but without a
significant trend (Haque et al., 2016, Fig. 7). The
authors also stated that fatal landslides are mostly
triggered by natural extreme events such as heavy
rainfalls, earthquakes, and floods, and only minor
ones by human activities such as mining and
excavation works.

Not all landslides are fatal, and it is important to
investigate all different forms of landslides, and the
best way to do that is to establish a landslide
cadastre (database). Herrera et al. (2018) analysed
landslide databases from 27 Geological Surveys of
Europe, including that of Slovenia with 849,543
landslide records, from which 36% are slides, 10%
are falls, 20% are flows, 11% are complex slides,
and 24% either remain unclassified or correspond to
another typology. The Slovenian database records
7,273 landslides, nearly all of which were slides
(7,264), along with 8 falls and 1 flow (Herrera et al.,
2018). According to this analysis, over 80% of
Slovenian municipalities are affected by landslides,
and the landslide density is ~0.4 landslide/km?
(Herrera et al., 2018).
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Figure 1: World weather-related natural catastrophes by peril, 1980-2018 (Fig. 15 from WWDR, 2020; p.

23) that have caused at least one fatality.

Slika 1: Naravne katastrofe v svetu zaradi vremenskih ujm, 1980-2018 (slika 15 iz WWDR, 2020; str. 23), ki

so zahtevale najmanj eno smrtno Zrtev.
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Komac and Hribernik (2015) reported 6,234
landslides for Slovenia in 2014; much less than the
7,000 to 10,000 landslides estimated by Ribicic et
al. (1994).

After the data from the Statistical Office of the
Republic of Slovenia on damages caused by natural
disasters, landslides were to be blamed for damages
amounting to over 100 million EUR between 1991
and 2008 (Zorn and Hrvatin, 2015).

Awareness about landslide risks in Slovenia did not
start with 2000 Stoze Landslide; several
professional associations had been active in
researching landslides in the past, e.g. since 1951
the Slovenian Geological Society (SGD;
https://www.slovenskogeoloskodrustvo.si/), since
1951 the Slovenian Union of Civil Engineers and
Technicians (ZDGITS; www.zveza-dgits.si), and
since 1985 its Geotechnical Section, and since 1992
the Slovenian Geotechnical Society (SloGeD;
http://sloged.si/). Before the 2000 Stoze event, three
symposia on landslides in Slovenia were held: 1994
in Idrija (Rezun et al., 1994), 1996 in Smarje pri
Jelsah (Cvek, 1999), and 1999 at Rogla
(Anonymous, 1999). A university textbook on
water-related disasters was written by Brilly et al.
(1999), with a short section on landslides, including
debris flows.

An excellent overview of landslide research and
disaster risk reduction policy before 2008 was given
by Zorn and Komac (2008) in a monograph on
landslides in Slovenia. A geological overview on
landslide research was also produced by Komac
(2017) and Jemec Aufli¢ et al. (2018a). Legislation
and procedures for assessing hazards and risks
related to landslides, rockfalls, and debris flows in
Slovenia were studied by Mikos et al. (2014). The
latest, modern overview on landslide disaster risk
reduction in Slovenia was made by Mikos et al.
(2018).

The 2000 Stoze Landslide raised awareness and
established a new public perception about fast-
flowing debris flows that were thitherto infrequent
in Slovenia.

As modern joint international efforts for global
landslide disaster risk reduction policies are
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strengthening (e.g. Sassa, 2015; 2019), especially
under the Sendai Framework for Disaster Risk
Reduction 2015-2030 and its 7 targets and 4
priorities for action (UNISDR, 2015), this policy
also considers the impact of climate change on
landslides (Gariano and Guzzetti, 2016), an
overview of the development of such a policy in
Slovenia after 2000 Stoze Landslide is given in this
paper. As more details on the 2000 Stoze Landslide
event are given in the companion paper (Mikos,
2020d), we will start the overview with how
responses and relief to natural disasters are
organised in Slovenia.

2. Development of landslide disaster risk
reduction in Slovenia after the 2000
Stoze Landslide

In this chapter, no description of the 2000 Stoze
Landslide disaster dynamics and its triggering
factors is given, though a short review is given in
Mikos (2020d).

2.1 Immediate response and disaster relief after
the 2000 StoZe Landslide

Disaster management in Slovenia is organised as an
integrated system including several parties: rescue
units and services (professional and voluntary, civil
protection), humanitarian organisations, research
institutions, other organisations, and governmental
administrative bodies. The unified system is based
on humanitarian principles and is in line with
international standards. The system is regulated by
the Act on Protection against Natural and Other
Disasters (ZVNDN-B, 2010) and other sector-
specific acts. It addresses all phases of the cycle:
prevention, preparedness, response to disasters
(protection, rescue and relief), and recovery
(Factsheet:  https://ec.europa.eu/echo/what/civil-
protection/disaster-management/slovenia_en).

The responsibilities for the disaster management
system lie with the government, local communities,
commercial companies, and citizens. The system is
based on a bottom-up approach and systematic
(subsidiary) principle. The national authority
responsible for disaster management is the
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Administration of the Republic of Slovenia for Civil
Protection and Disaster Relief (ACPDR,;
www.s0s112.si  Slov. Uprava Republike Slovenije
za zaS§Cito in reSevanje) within the Ministry of
Defence. When needed, the Slovenian Police and
Slovenian Armed Forces are activated to exercise
disaster relief activities as well.

Funds for disaster response are normally granted
from the Reserve Fund of the Government of the
Republic of Slovenia.

In the second phase after the landslide event,
recovery efforts are headed by the Division for
Rehabilitation after Natural and Other Disasters
(Slov. Sektor za zmanjSevanje posledic naravnih
nesre¢), which is a part of the Water and
Investments Directorate of the Ministry of the
Environment and Spatial Planing (Slov. Direktorat
za vode in investicije Ministrstva za okolje in
prostor). These funds are allocated, as a rule,
through the adoption of a special act on
rehabilitation.

For the case of the 2000 Stoze Landslide
catastrophic event in NW Slovenia, its immediate
short-term consequences can be summarised as
follows:

- The immediate response to the disaster and
disaster relief in Log pod Mangartom fell under
the auspices of the municipal (local) and
regional civil protection units, with the main
contribution from fire brigade members, who
were overwhelmed by the severity of the
disaster since they had no such pertinent
experience. This fact stresses the importance of
providing adequate practical training to civil
protection units in order to increase their
capacity for coping with such large-scale
natural disasters. Their efforts were therefore
supported by some volunteers and ad-hoc
committees, later accepted by the disaster
response management system in the devastated
area as officially nominated experts on geology,
geotechnical and hydraulic engineering, and
torrent control, as well as selected national
research institutions with expertise in
hydrology, geological engineering, remote
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sensing, and civil engineering (USeni¢nik,
2001).

A very detailed analysis of crisis management
and communicating risks to the local population
and general public for the 2000 Stoze Landslide
was made by Krajnc (2004). He was critical
about the disharmony among various experts on
how to lead immediate remediation measures,
and about the dispute that broke out between
experts and the official crisis management
bodies.

The disaster temporarily raised awareness about
catastrophic natural events among the general
public, which reacted to the event by raising
substantial funds to help the local population of
the village Log pod Mangartom.

The disaster clearly showed that there was a
lack of clear delegation of responsibility
between the Ministry of Defence, in charge for
immediate response and disaster relief, and the
Ministry of the Environment and Spatial
Planning, in charge for preventing natural
hazards (disaster risk reduction) and the long-
term remediation of devastated areas.

The first phase during and immediately after the
disaster in November and December 2000
(relief intervention of emergency units
especially those for civil protection) can be
described as concern-driven crisis management
or as judgment-based crisis management,
respectively (Mikos, 2011a). The quantitative
risk assessment came into play in the second
remediation phase through special law
enforcement.

Recently, Malesi¢ (2020) made an analysis of
the Slovenian disaster response from a
comparative perspective, using several disasters
that happened after the 2000 Stoze Landslide
(wildfires, hail storms, the 2007 Zelezniki
flood, the 2014glaze ice). The response to the
aforementioned disasters was not universal; on
the contrary, crisis management actors
demonstrated various modes of response.
Formally, the response structure was
centralized and hierarchical; however, in
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practice there were many activities that
bypassed or even ignored formal procedures.
Some actors even functioned outside the
planned response framework (humanitarian
organizations, and volunteers). This analysis
shows that the Slovenian Disaster Response
Management System needs further refinement.

As far as disaster response in Slovenia is
concerned, the system envisages that a
commander of the affected area’s Civil
Protection coordinates the activities of all
involved organizations; but concurrently, they
have the possibility to appoint an incident
commander to perform operational tasks related
to disaster response (Malesi¢, 2020). Also, in
the case of the 2000 Stoze Landslide disaster,
an incident commander was in charge, but was
soon removed due to health problems, and was
replaced by the Commander of the Civil
Protection (USeni¢nik, 2001).

The Slovenian Parliament immediately adopted
a special act to secure funds for the extensive,
long-term remediation of the devastated area in
Log pod Mangartom (ZUPSB, 2000). This was
been upgraded to a new act in 2002, covering in
total the mitigation of six large-scale landslides
in Slovenia (ZUOPZP, 2002), including the
Stoze Landslide. This act was amended a few
times in the years to come (in 2005 and 2012),
and the area’s remediation is still not finished,
since a few infrastructural objects (such as local
footbridges) must be built.

Slovenia’s government adopted a special decree
(Uredba, 2004), with provisions that included
production of a debris-flow risk map of Log pod
Mangartom, as well as the definition of risk
classes and conditions and restrictions for
rehabilitation and construction activities in the
risk area. This was the first time in Slovenia that
the Water Act (2002) was applied in defining a
risk area anywhere in Slovenia (Mikos et al.,
2007). Still today there is no official
methodology accepted as to how landslide risk
areas should be determined and defined in terms
of mass movements (slides, slumps, rockfall,
debris flows, etc.) (Mikos et al., 2018).

In September 2020, in order to finally execute
the mitigation of large-scale landslides in
Slovenia, such as the 2000 Stoze Landslide, the
Government of the Republic of Slovenia
nominated a  four-member  Landslides
Commission (Slov. Komisija za plazove),
whose role is defined as follows (Vlada RS,
2020): “The Commission drafts proposals for
remediation programs for the large-scale
landslides triggered in 2000 and in 2001,
proposals to the government for decisions on
the allocation of funds for the implementation
of measures on large-scale landslides, monitors
the implementation of landslide remediation
programs and the use of funds for measures,
drafts proposals for government
implementation of landslide remediation
programs in each budget period, and for the
entire duration of such programs, and drafts
proposals for reports to the government on the
use of funds for the implementation of measures
in landslide-affected areas in each budget
period and for the entire implementation
period.” The commission’s composition covers
relevant decision makers from four ministries of
the Republic of Slovenia: Ministry of the
Environment and Spatial Planning, of
Infrastructure, of Defence, and of Finance,
respectively. This new way will contribute to
faster procedures and the final remediation of
the 20-year old, large-scale landslides in
Slovenia.

Even 10 years after the disaster, general public
perception speaks in favour of judgment-based
risk management rather than quantitative risk
assessment, a situation that can be explained by
local inhabitants’ poor understanding of the
system, by low public involvement in the final
remediation plan undertaken by the state
agencies, and by the fact that the final
remediation is still not finished (Mikos, 2011a).

2.2 Prevention against natural hazards and

risks in Slovenia

The Water Act (ZV-1, 2002), which was changed
several times after its acceptance, the last version
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being accepted in 2020 (ZV-1-NPB8, 2020),
includes the need to formally declare hazard and
risk areas in Slovenia, including areas prone to
landslides. The requisite formally accepted
methodologies are still missing in 2021, preventing
the production of landslide hazard and risk maps for
all of Slovenia’s territory. Though, preliminary
methodology is used at the time being to prepare
susceptibility maps in the selected Slovenian
municipalities. Such landslide hazard and risk maps
should be used in spatial planning procedures when
coordinating land use in declared landslide hazard
areas. The approach for landslide hazards should be
the same as that for flood hazard and risk areas on
the basis of the EU Floods Directive (2007),
implemented in the Slovenian legislation as Rules
on methodology to define flood risk areas and
erosion areas connected to floods and classification
of plots into risk classes (Pravilnik, 2007).

The development of the landslide risk reduction
policy in Slovenia after the 2000 StoZze Landslide
started by analysing the phenomenology and
dynamics of various types of mass movements,
including debris flows (Ribi¢i¢, 2001; 2002). A
strategy of modern protection against landslides
was proposed by Ribi¢i¢ and Mikos$ (2002), firstly
stressing the need for prevention, based on a
national landslide database and hazard and risk
maps with explanatory text. They proposed a
structure for a digital landslide database that would
cover all available data, from landslide triggering to
remediation. Secondly, immediate remediation
measures, and finally, measures for the long-lasting
remediation of an active landslide were discussed.
This paper was as a part of a modern monograph on
natural disasters in Slovenia and protection against
them (USenic¢nik, 2002). After two decades, a new
edition on this topic is more than due.

The way forward started by developing
methodologies within several targeted research
projects (Slov. CRP —ciljni raziskovalni projekt) for
recognising landslide hazards and risk areas — a
distinction was made to develop one methodology
for shallow landslides and the other one for debris
flows (CRP 2004; 2008). The scales of hazards and
risk maps were also proposed, namely 1:250,000 for
overview maps and 1:25,000 for preliminary maps
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(Purovi¢ and Miko§, 2004a). A special project was
also dedicated to a mobile unit for immediate
acquisition of spatial data in the event of landslides
(CRP, 2007).

The methodology for susceptibility to shallow
landsliding started at the Geological Survey of
Slovenia (GeoZS) by applying a multivariate
analysis of landslide causing factors in a GIS
environment in the western part of Slovenia
(Komac, 2004). Using factorial analysis, the most
important spatial factors for landslide hazard were
the underlying lithology and terrain slope
(determined from Slovenian digital elevation model
25 x 25 m), followed by vegetation cover, terrain
undulance: concavity & convexity), and the
proximity of watercourses and geological structural
elements. Using multiple regression analysis, the
most important spatial factors were characteristics
of the surface types, such as maximal slope
curvature, slope undulance, maximum slope
inclination, and the prevailing lithological unit. The
results of such a statistical analysis was the
Landslide susceptibility map of Slovenia in the
scale 1:250,000 (Komac & Ribicic, 2006). Later on,
a debris-flow susceptibility map in Slovenia was
made at a scale of 1:250,000 (Komac et al., 2009;
2010), followed by a rockfall susceptibility map of
Slovenia at a scale of 1:250,000 (Miko$ et al.,
2013).

Zorn et al. (2012) conducted a review of mass
movement susceptibility maps in Slovenia.

All such statistical models yielding the statistical
probability of a landslide occurring at a given
moment must be validated using a real landslide
database (for a landslide database called GIS-UJME
see CRP, 2005). At the end of the project to
construct the Slovenian National Landslide
Database, which ended in May 2005, there were
more than 6600 registered landslides, of which
almost half occurred at a known location and were
accompanied  with  primary  characteristic
descriptions (Komac et al., 2007). Later, a web
application was developed, called e-Plaz (Eng. e-
Landslide; https://www.e-plaz.si/), where anyone
can report a landslide or erosion event. In the period
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1996-April 2021, a total of 471 events were
registered.

This achievement was further developed within the
framework of a series of four national MASPREM
projects (GeoZS 2013; 2016; 2018; 2019). These
projects were dedicated to various sorts of mass
movements (Slov. masni premiki) with the aim of
developing a national rainfall-induced landslide
early notifying and warning system called
MASPREM.

Nowadays, the results of the susceptibility analysis
of landsliding in Slovenia can be viewed for 34 out
of 212 Slovenian municipalities as a web
application called Geohazard in the form of a
preliminary hazard map at a scale of 1:25,000
(https://geohazard.geo-zs.si/).  There are 6
susceptibility classes defined: very
high/high/medium/low/very low/negligible hazard.
The processes covered in this preliminary
methodology, which was updated in 2020 and must
be formally adopted, are slope mass movements
(rockfalls, slumps/slides), snow avalanches, and
surface and linear soil erosion processes.

From a hydrological point of view, the development
of a methodology for debris-flow hazard and risk
assessment went a bit differently. The basis for the
debris-flow hazard assessment was a combination
of hydrological modelling of rainfall-runoff
processes or empirical equations for design floods
from ungauged torrential watersheds, with an
estimation of sediment production in them
(empirical equations for debris production in
sediment sources) to assess debris-flow magnitudes
(Sodnik and Mikos, 2006). Further on, Sodnik
(2009) investigated the mathematical modelling of
debris flows and how debris-flow hazard maps can
be prepared using mathematical tools — numerical
models of debris flow dynamics (Sodnik and Mikos,
2012). The use of mathematical modelling to assess
debris-flow impacts on traffic lines was also
studied, including impact of forest stands (Mikos et
al., 2012).

When Sodnik (2017) studied the formation of
torrential fans and recognised landslides as debris-
flow sources (Sodnik et al., 2017), a systematic
methodology for debris-flow hazard assessment
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was proposed (Sodnik in Miko§, 2018a; 2018b).
They proposed a multiphase  approach,
incorporating the following phases:

- Preliminary classification of

hazardous areas

potentially

- Determination of labile (potentially unstable)
areas in the selected torrential watershed

- Determination of the potential debris-flow
magnitudes for each potentially unstable area

- Modelling of debris flow movement from their
source areas to runout zones

- Production of debris-flow hazard maps

This proposed preliminary methodology is still not
formally validated in a legislation act, but builds a
good basis for such an act.

A recent study on design floods in ungauged small
torrential watersheds in Slovenia showed that
empirical equations used frequently to estimate
extreme floods (e.g. Qsoo) in ungauged watersheds
should be replaced by using hydrological-hydraulic
modelling of rainfall-runoff process (Mikos,
2020c). Therefore, a methodology for debris-flow
hazard and risk assessment should incorporate such
modelling as a constituent part of it.

2.3 Natural disasters and insurance in Slovenia

An underestimated factor is the position of the
insurance sector in prevention against natural
disasters.

Pavliha et al. (2002) studied risk insurance for
natural disasters, and concluded that the
implementation of optimal and integral insurance
solutions against natural and other disasters in
Slovenia would have several beneficial effects,
including providing relief to the state budget, which
remains the country’s principal financer of
rehabilitation following damage caused by natural
and other disasters.

Ferlan and Miko$§ (2004) analysed water-related
disasters in Slovenia from 1990 to 1999, and based
on data from Slovenia’s largest insurance company
found a growing share of non-life insurance in the
reimbursement of damages caused by such
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disasters, as compared to state aid. They concluded
that a discussion is needed on the possibility of
introducing compulsory insurance against natural
disasters for all property owners, comparable to
compulsory car insurance.

Not much has changed since then in Slovenia
regarding the distribution of costs to cover the costs
of natural disasters between the state (public sector)
and individual property owners (private sector). An
OECD survey on disaster risk financing, its
practices, and challenges is a good starting point
(OECD, 2015).

The public sector still plays an important role in
Slovenia in damage assessment and the collection
of data on costs. Special damage assessment
committees at local, regional, and national levels are
in charge according to the Protection against
Natural and Other Disasters Act (ZVNDN, 2010).
Unfortunately, since 2007 the Statistical Office of
the Republic of Slovenia has no longer collected
estimated damages caused by natural disasters by
type (for data until 2007 cf.:
http://kazalci.arso.gov.si/en/content/estimated-
damage-caused-natural-disasters). Slovenia must
reestablish a national disaster loss database with
detailed data on various types of disasters to comply
with the Sustainable Development Goals 2030, as
well as with selected targets of Sendai Framework
for Disaster Risk Reduction.

2.4 Landslide risk forecasting and early
warning systems in Slovenia

It is of paramount importance to monitor active
landslides in order to assess their potential impacts
and forecast their future advancement into the
potential runout zone. According to Piciullo et al.
(2020), landslide early warning systems can be
categorized into two groups: territorial (dealing
with several landslides at
municipal/regional/national scale) and local (single
landslide) systems.

For the 2000 Stoze Landslide, a local alarm system
was established for the event of another debris flow
from the StoZze source area. The system
administrators asked for new electricity lines to
power 4 alarm loops (wires across the valley at
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different heights) between the Stoze Landslide
source area and the national road Bovec—Predel.
Any fast advancement of the landslide, especially a
new debris flow, would have triggered an alarm
using a public mobile alarm system and allowed for
the fast evacuation of the villagers in Log pod
Mangartom, as well as closed the road via a system
of red traffic lights (Tavéar, 2001). After several
years in operation, the system was dismantled, as
other structural remediation measures were built in
the area to protect Log pod Mangartom.

In the 2000s, new remote sensing techniques were
developed that can be used for an early warning
system (EWS) in the event of landslide risks.
Among them, the PS-INSAR (Persistent Scatterer
Interferometric Synthetic Aperture Radar) was a
promising technique to detect field surface
deformations in landslide-prone areas or on active
landslides. This technique was introduced into
geology and landslide research in Slovenia by
Jemec Aufli¢ (2012).

Planning and monitoring early warning systems for
debris flows as fast flowing hazardous events is not
an easy task. A review was prepared by Hiibl and
Mikos (2014) and Mikos$ and Hiibl (2018).

The Slovenian national, real-time landslide
prediction system, called MASPREM, was
launched in September 2013. MASPREM forecasts
landslide probability twice per day for 24 hours
ahead based on landslide susceptibility maps,
statistically defined landslide-triggering rainfall
threshold values, and precipitation forecast models.
The potential landslides areas are forecast at the
national level (scale 1:250,000) and for selected
municipalities at the local level (scale 1:25,000)
(Jemec Aufli¢ et al., 2018b).

The rainfall patterns for shallow landsliding in
perialpine Slovenia were studied by Jemec Aufli¢
and Komac (2013). Nevertheless, in the original
MASPREM model, 24-h rainfall with the return
period of 100 years has been used as a rainfall
triggering parameter. Rainfall threshold values of
various durations in Slovenia were reviewed in the
companion paper by Mikos (2020d).
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Rainfall forecasts in Slovenia are issued by the
Slovenian Environment Agency (Slov. ARSO -
Agencija Republike Slovenije za okolje) using the
ALADIN-SI model. The development started in
1997 with a horizontal resolution of 12.5 km
(Pristov et al., 2012), but was improved after that to
a grid 4.5 x 4.5 km, yielding results every 6 hours
for a period of 54 hours in advance.

The MASPREM system was tested for abundant
precipitation between 9 and 14 September 2014,
when around 800 slopes failed throughout Slovenia
(Jemec Aufli¢ et al., 2016). The study showed the
need to account for antecedent rainfall in the
MASPREM model.

The MASPREM system’s first five years of
operation were analysed by Jemec Aufli¢ and
Sinigoj (2019). The MASPREM system, based on
the landslide susceptibility map of Slovenia,
benefitted from a web application where users could
report landslide events (e-Plaz: https://www.e-
plaz.si) (GeoZS, 2018), ensuring an additional
dataset to validate the landslide forecast model.
Also, a short-term, integrated nowcasting weather
forecast (INCA) was incorporated into the
MASPREM model to assess antecedent rainfall
amounts in parallel to rainfall forecast by the
ALADIN-SI model. In the future, new local rainfall
thresholds as well as local hydrogeological and
geological characteristics should be incorporated in
the various forecast models in order to further
improve the MASPREM maodel’s reliability (Jemec
Aufli¢ and Sinigoj, 2019).

2.5 Natural disasters in Slovenia

According to the Slovenian  Constitution
(Constitution, 1991), in its Article No. 72 on a
Healthy Living Environment, “everyone has the
right in accordance with the law to a healthy living
environment. The state shall promote a healthy
living environment.”

Zorn et al. (2009), when analysing natural disasters
as a limiting development factor in Slovenia,
focused on floods, concluding that we should rather
adapt to natural processes such as floods,
avalanches, or landslides, particularly through the
available instruments of regional and spatial
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planning, rather than ignoring and underestimating
them due to short-term economic, political, and
other reasons.

For Slovenia, Zorn and Komac (2015) stated: “In
the context of Slovenia, it can be legitimately
asserted that responsibility for the effects of natural
disasters should not only be ascribed to climate
change or other environmental factors, because
most often social reasons are more important.”
They presented four social reasons that reduce
society's resilience to natural disasters: inadequate
spatial planning, lack of supervision, insufficient
insurance policies, and a mix of politics and capital
influences.

The newest geographical overview on natural
hazards in Slovenia was issued by Komac et al.
(2019).

The Anton Melik Geographical Institute of the
Research Centre of the Slovenian Academy of
Sciences and Arts (ZRC SAZU; https://giam.zrc-
sazu.si/en/) (Slov. Geografski institut Antona
Melika Znanstvenoraziskovalnega centra
Slovenske akademije znanosti in umetnosti) is
holding, together with the Administration of the
Republic of Slovenia for Civil Protection and
Disaster Relief (ACDPR;
http://www.s0s112.si/eng/) (Slov. Uprava
Republike Slovenije za zasCito in reSevanje), a
triennial symposium on natural hazards in Slovenia:
in 2008 (Zorn et al., 2010), 2011 (Zorn et al., 2011),
2014 (Zorn et al., 2014), 2017 (Zorn et al., 2017),
2020 (Zorn et al., 2020). Another important part of
these symposia is also landslide research and
landslide disaster risk reduction.

The newest Slovenian responses to global
challenges related to natural disasters was designed
by Komac (2020). He stresses the need for a
dialogue between scientists and politicians in this
regard. Furthermore, he recognises the importance
of volunteering and public participation in risk
management. Another important part of modern risk
management is educating the general public and
introducing natural hazards into curricula from
primary schools to tertiary education and through
the third Bologna cycle (doctoral studies).
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How is spatial planning in Slovenia incorporated
into prevention against natural disasters?

3. Spatial development, regionalisation,
and natural hazards in Slovenia

Purovi¢ and Mikos (2004b) compared procedures
for preventive risk management due to natural
hazards in the Alpine countries and in Slovenia, and
made an overview of legal bases for preventive risk
management in Slovenia.

The design of the Spatial Development Plan for
Slovenia (BF, 2002) proposed that it should follow
the provisions from the new Water Act (ZV-1,
2002) in order to respect recognised risk areas. The
design proposed that risk areas should be
accompanied by written definitions of measures that
are needed to prevent damage through spatial policy
procedures, i.e. restrictions on certain land uses,
conditions for certain land uses, and declarations of
no specific conditions or restrictions for other land
uses. The Spatial Development Plan and the Spatial
Development Strategy of the Republic of Slovenia
(2004) also recognized that the increasing risk due
to landslides as a type of natural hazard, together
with floods, erosion, fires etc., is one of key
problems due to human activity and inappropriate
(reckless) use in water and riparian areas. In 2021,
the new Spatial Development Strategy 2050 of the
Republic of Slovenia should be finished. Protection
against natural and other disasters is a part of the
Strategy’s draft version.

The integrated protection against natural hazards
such as landslides was recognized as an important
part of integrated water management (Mikos,
2010a, 2011b). Alpine hazard and risk management
in protected areas was discussed by Mikos (2013) in
the case of Slovenia’s Triglav National Park.
Prevention against landslides should also be seen as
an important factor when planning the development
of rural areas (Mikos, 2010b). The step from passive
and/or active protection against natural disasters to
a culture of living with them was proposed in
Slovenia by Mikos (2015).

Prudent spatial development and regionalisation as
an obligation and fulfilment for local self-
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government as defined in Article 143 of the
Constitution of the Republic of Slovenia
(Constitution, 1991) stating that: “a region is a self-
governing local community that manages local
affairs of wider importance, and certain affairs of
regional importance provided by law” are, as such,
also a key instrument to increase competitiveness of
the Slovenian economy and a pillar for Slovenian
sustainable development (Mikos, 2020a; 2020b).

An important step was made in 2014, when the
Slovenian National Platform for Disaster Risk
Reduction (Slov. Svet Vlade Republike Slovenije za
varstvo pred naravnimi in drugimi nesreCami;
http://www.s0s112.si/slo/page.php?src=sv10.htm)
was established (Mikos, 2018). After the first term,
which ended in summer 2019, as of April 2021, the
Platform still has not been renewed. This hinders the
implementation of Slovenia’s  international
obligations, as it has signed or ratified many
international agreements or declarations, among
others also the Sendai Framework for Disaster Risk
Reduction 2015-2030. In April 2021, Slovenia is no
longer on the list of 60 national platforms officially
declared as national coordinating multi-sectoral and
inter-disciplinary  mechanisms for advocacy,
coordination, analysis, and advice on disaster risk
reduction.

4. International cooperation of Slovenian
landslide researchers

The organised torrent control service in Slovenia,
covering also protection against landslides, was
organised during the Austro-Hungarian monarchy
in 1884 (Jesenovec, 1995). For years on, the field of
landslide disaster risk reduction in Slovenia was in
the domain of torrent control under the auspices of
forest management, and after 1966 it fell under
water management (Miko§, 2012). A short
overview of Slovenia’s international engagement in
research on natural disasters was given more than a
decade ago by Mikos (2008).

4.1 CIPRA and Alpine Convention

In 1952, an autonomous non-governmental, non-
profit umbrella organisation called the International
Commission for the Protection of the Alpine
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Regions (CIPRA; since 1990, the International
Commission for the Protection of the Alps) was
founded (Price, 2000).

The Convention on the Protection of the Alps
(Alpine  Convention, https://www.alpconv.org/)
was initially signed in 1991; Slovenia signed it in
1993, and it came into effect in 1995.

An important contribution to CIPRA’s activities
was a methodologically innovative analysis of
natural conditions in torrential watersheds (Pintar,
1977), shown in a case study from NW Slovenia for
the assessment of a potential ski resort in a high
Alpine environment. The study also included the
methodological design of cartographic signs for
natural conditions and natural processes that are
jointly used to determine hazard areas endangered
by (soil) erosion, avalanches, and landslides (mass
movements), as well as for protection structures
(torrential infrastructure).

This innovative management approach was further
developed at the Water Management Institute in
Ljubljana (Pintar and Mikos, 1983), and
subsequently applied for the water management
plans of the Idrijca River (Zemlji¢ et al., 1986),
Pisenca Torrent (Pintar et al., 1987), the Sopota
River (Pintar et al., 1989a), the Upper Soca River
(Pintar et al., 1989b), and the Upper Sava River
(Mikos et al., 1996). With the new Slovenian Water
Act (2002), based on the European Water Directive
(EU, 2000), this development was stopped.

4.2 The INTERPRAEVENT Research Society

After severe floods in Europe in 1965 and 1966, the
Research Association for Preventive Action against
Flooding was established in Klagenfurt, Austria in
1968. In 1990, the association was renamed to the
International Research Society INTERPRAEVENT
(IP, www.interpraevent.at). This society’s purpose
is to establish preventive protection regimes against
disasters, and to further interdisciplinary research in
order to protect human living space against
flooding, debris flow, landslides, avalanches, and
rockfall, as well as anthropogenic (man-made)
influences and destruction. The Society, among
other activities, holds quadrennial international
symposia.
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A paper on land-use planning regarding natural
conditions by Pintar (1980) may well be the first
contribution from Slovenia to
INTERPRAEVENT’s 1980 regular symposium in
Bad Ischl, followed by a contribution on the long-
term management of torrential watersheds by Pintar
and Miko§ (1984) to the INTERPRAEVENT
Symposium in Villach.

The Republic of Slovenia (i.e. the Ministry of the
Environment and Spatial Planning) joined as a
regular member of the Society in 1997, but has
never fully taken advantage of the existing
knowledge network offered through this
membership.

Nonetheless, Slovenia has since 1999 been a
member of its Science & Technology Advisory
Board, which holds quadrennial Interpraevent
congresses through Europe, also helping with
congresses in the Pacific Rim area.

4.3 International Consortium on Landslides

The 2000 Stoze Landslide sparked the beginning of
a more interdisciplinary approach to landslide
research in Slovenia, which led to the membership
of several Slovenian academic institutions (e.g. the
University of Ljubljana, Faculty of Civil and
Geodetic Engineering & Faculty of Natural
Sciences and Engineering, Geological Survey of
Slovenia) in the International Consortium on
Landslides, Kyoto, Japan (https://icl.iplhg.org/).
Risk dialogue in landslide disaster risk reduction
found its way to more media exposure, culminating
by hosting the 4th World Landslide Forum (WLF4)
in 2017 in Ljubljana, Slovenia (https://wlif4.fgg.uni-
1j.si/; MikoS§ et al., 2017; Alcantara-Ayala et al.,
2017).

During the 4th World Landslide Forum the 2017
Ljubljana Declaration on Landslide Risk Reduction
was adopted (Sassa, 2017). In this declaration,
participants of WLF4 recognized the importance of
the ISDR-ICL Sendai Partnerships 2015-2025 for
the Global Promotion of Understanding and
Reducing Landslide Disaster Risk (Sassa, 2015).
These partnerships were proposed by ICL and
signed by 22 global stakeholders to reduce
landslide disaster risks — it is ICL’s voluntary
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commitment to the United Nations World
Conference on Disaster Risk Reduction, held in
Sendai, Japan, 2015
(https://sendaicommitments.undrr.org/commitment
5/20190110 001) (Mikos, 2016). There are several
types of partnerships and collaborative relationships
(Stott and Murphy, 2020; Table 1, p. 7) for the
Sustainable Development Goals and the United
Nations Agenda 2030; the ISDR-ICL Sendai
Partnerships 2015-2025 were recognized as those
related to reducing disaster risk.

In 2019, ICL initiated a long-term global framework
for promotion of understanding and reducing
landslide disaster risk, called “The Kyoto 2020
Commitment for the Global Promotion of
Understanding and Reducing Landslide Disaster
Risk” (Kyoto Landslide Commitment 2020:
KLC2020), with its first 57 signatories on
November 2019 (Sassa, 2019). The Commitment
was officially launched on November 2020 (Sassa,
2021). KLC2020 has 10 priority actions, e.g.
priority action no. 1 aims at promoting “the
development of people-centred early warning
technology for landslides with increased precision
and reliable prediction both in time and location,
especially in a changing climate context” (Sassa,
2018). The planned contributions of the Faculty of
Civil and Geodetic Engineering, an ICL member
since 2008 and repeatedly proclaimed World Centre
of Excellence in Landslide Risk Reduction (2008-
2011, 2011-2014, 2014-2017, 2017-2020), to the
KCL 2020 was summarised by Miko$ and
Petkovsek (2019). The KLC2020 is directed to
advocate for harmonic cohesiveness between the
Sendai Landslide Partnerships 20152025, and the
Sendai Framework for Disaster Risk Reduction (SF
DRR), the 2030 Agenda Sustainable Development
Goals, the New Urban Agenda and the Paris
Climate Agreement (Alcantara-Ayala and Sassa
(2020).

5. Conclusions

The effect of the 2000 StoZe Landslide on landslide
research in Slovenia is given in a companion paper
(Mikos, 2020d). Here we have summarised the
development of landslide risk reduction policy in
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Slovenia after this disaster. Combining the facts
presented in the two papers, one can conclude that
Slovenia is slowly placing more importance on the
role of science and technology in reducing landslide
disaster risks as part of more general disaster
management.

More specifically, science and technology have an
important value for the implementation of SF DRR,
especially for its Priority Action 1 “Understanding
disaster risk” (Satake et al., 2018). The role of
science and technology should be bolstered in order
to stress prevention and preparedness as parts of
disaster risk management overreaction and response
— as disaster risk should be considered a complex
system of natural, societal, economic, and
technological contexts. Furthermore, standardized
scientific frameworks are required for monitoring,
predicting, warning, evaluating, and mapping
disaster risks for single or multiple hazardous events
occurring simultaneously or successively.

Collaboration among and across scientists,
policymakers, private sectors, and key stakeholder
groups is critical for translating science-based
knowledge into disaster risk reduction policies and
practices through establishing and/or strengthening
periodic and frequent communications (Satake et
al., 2018).

Around the world, Landslide Early warning
Systems (LEWS) are also becoming more popular,
especially after being explicitly mentioned in the
4th priority for action of the Sendai Framework for
Disaster Risk Reduction 2015-2030 (UNISDR,
2015; p. 21) at the national and local level: “To
invest in, develop, maintain and strengthen people-
centred multi-hazard, multisectoral forecasting and
early warning systems, disaster risk and emergency
communications mechanisms, social technologies
and hazard-monitoring  telecommunications
systems; develop such systems through a
participatory process; tailor them to the needs of
users, including social and cultural requirements,
in particular gender; promote the application of
simple and low-cost early warning equipment and
facilities; and broaden release channels for natural
disaster early warning information.”
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Recent developments in the field of LEWS have
been intensive: Pecoraro et al. (2019) proposed
monitoring strategies for local landslide early
warning systems, Piciullo et al. (2018) described
territorial early warning systems for rainfall-
induced landslides, and later set standards for their
performance assessment (Piciullo et al., 2020), and
Calvello et al. (2020) proposed a new international
network on landslide early warning systems called
LandAware.

There is a clear call for Slovenian experts on
landslide disaster risk reduction to join
aforementioned activities. Especially the proposed
LEWS for the Potoska Planina landslide above the
Koroska Bela in NW Slovenia envisages such
cooperation among experts. An international
standard already exists for emergency management,
offering guidelines for the implementation of a
community-based LEWS (ISO, 2018b). According
to the international standard on vocabulary in
security and resilience (1SO, 2018a), a community-
based EWS is a method of communicating
information to the public through established
networks, and can consist of risk knowledge,
monitoring, and warning services, dissemination
and communication, and response capacities to
avoid and reduce risks, and launch responses
against disasters.

Jemec Auflic et al. (2019) investigated the
understanding of landslide risk in the Koroska Bela
community in NW Slovenia through learning by
doing for case of the Potoska Planina landslide
above the village of Koroska Bela.

Since the 2000 Stoze Landslide, landslide disaster
risk reduction in Slovenia has made important
progress. Still, practical solutions and legislation lay
beyond the level of science achieved by recent
developments in landslide research, as presented in
the companion paper (Mikos, 2020d). In many ways
the next steps await the state itself, which is
primarily responsible for further development,
especially in light of the numerous international
obligations signed by the Republic of Slovenia.

There are some clear immediate tasks to be done,
such as adopting all needed methodologies to
produce hazard and risk maps, comparable to flood
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hazard and risk maps, in appropriate scales to be
used as a prevention tool for multi-hazard
assessment in spatial planning procedures as
foreseen by the Water Act (2002). Also, the work of
the Slovenian National Platform for Disaster Risk
Reduction should be activated again so as to serve
as a platform for the intersection of science and
policy on natural hazard prevention and risk
management.
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