LANDSLIDES DURING EXTREME WEATHER EVENT “"HANS”
IN EASTERN NORWAY — EVALUATION OF HAZARD ZONES
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ABSTRACT
The extreme weather event Hans caused at least 770 landslides in eastern Norway in August 2023. In this paper we describe the data col-
lection after the event and compare the events with hazard zones. In the mapped areas most of the landslides match the hazard zones well,

but in some cases the correct release area was not identified, or the runout-area was underestimated.

INTRODUCTION
The extreme weather event “Hans” hit eastern Norway on 7-9th of August 2023. It originated from two low-pressure systems “Petar” and
“Antoni” that merged on the 6th of August over Eastern Europe. It caused large-scale flooding and over 770 shallow landslides, earth flows,

and debris flows have been registered (Riither et al, 2023 and skredregistrering.no 2023).

For many of the inflicted areas The Norwegian Water Resources and Energy Directorate (NVE) has coordinated the production of hazard
maps for mass movements on steep slopes which include an evaluation of landslide and debris flow hazard. These maps are produced
prior to the “Hans” event and are primarily designed for land-use planning but are useful as well to identify areas where physical protection
measures are necessary. In some areas they were also used during Hans to identify exposed buildings to aid local authorities in evacuation.

After the event a number of the mapped landslides were compared to the existing hazard maps.

Here we give a brief presentation of the collection of data on the landslides and compare the landslides to existing hazard maps and map-

ping methodology.

METHODS

Norway has complete coverage with susceptibility maps for avalanches, landslides and rockfall, and there is an ongoing national program
for detailed hazard mapping, focusing on populated areas. Many of the populated areas affected by “Hans” have been hazard mapped in
the last approximately 10 years. Hazard mapping has been mostly done by private consultants on NVEs behalf, but also on behalf of mu-

nicipalities and others.

In hazard mapping in Norway zones representing the return periods of landslides and avalanches with potential to damage buildings. Com-
bined hazard zones for all mass movements are made for the recurrence probability of 1 % (1/100), 0,1 % (1/1000) and 0,02 % (1/5000)
pr. year. The most important type of mass movement is noted on the maps in each area and for each return-period. According to NVEs
technical guidelines for hazard mapping (NVE 2020) it basically is mandatory to use some sort of dynamic runout model as support in the

assessments.

A large event like “Hans” gives a good opportunity to compare the runouts of landslides and debris flows to hazard zones, which gives

valuable input to understanding the quality of hazard zones and to the further development of methodologies.

LANDSLIDES — COLLENCTION AND STATISTICS
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Figure 1: Overview/drone photo of Breie, Al municipality. An example of landslides observed in populated areas during ‘Hans’, although not covered by hazard maps. Photo: Skred AS.

landslides and avalanches (NSDB) by national authorities, researchers, private consultants, and public using ground-based and remote
sensing techniques. Most of the landslides generally registered in the NSDB are from the Norwegian Road Authority (SVV), causing a strong
spatial bias in the dataset towards the major transport networks. To prevent this during ‘Hans’ landslide documentation, in addition satellite
images was used for systematic mapping to give a more reliable spatial distribution of the landslides registered. The method described in
Lindsay et al. (2022) was used, which involves using a stack of optical Sentinel-2 images from before and after the event. Subtracting the
post- from the pre-event NDVI (normalised difference vegetation index) values gives the change in NDVI. The NDVI ratio is a commonly
utilised measure of vegetation and changes in NDVI can thus be used to identify landslides where they result in loss of vegetation. The
landslides were validated using optical satellite images (3 m resolution), high resolution orthophotos and field visits by geologists, including
drone footage. In the three months following the event, 648 landslides were identified across an area of 70.000 km2 (Riither et al, 2023) us-
ing this method. s. On a large scale, the areas affected by landslides during ‘Hans” were the main valleys Hallingdalen (northwestern parts),

Valdres, Gudbrandsdalen and Ottadalen, as can be seen in figure 2 below.
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Figure Z — Map of southern Norway with the ‘Hans" landslides.

CONFERENCE PROCEEDINGS | INTERPRAEVENT 2024 607



When mapping landslides deposits one must decide what to include in the runout polygons, where to draw the line between the solid parts

of the deposits and the more liquid sludge often reaching far out onto low gradient land. Usually, the low flow height and very wet parts

of the runout is not included, as this gives less damage potential. (Devoli et al 2020).

LANDSLIDES AND HAZARD ZONES

The landslides from Hans have been compared to hazard maps, and in cases where they don’t match, we discuss the reasons for this.

The hazard assessments looked at in this study are from 2009, 2016, 2017, 2018, 2019 and 2020. With exception of the assessment done in

2009, which may represent an older generation of hazard maps, the rest of the assessments approximately follow NVEs current technical

guidelines (NVE 2020) for hazard mapping.

RESULTS AND DISCUSSION

There was a large number of landslides (more than 770) during the “Hans” event. We have until now reviewed 48 landslides that occurred

in previously hazard mapped areas (presented in table 1 below). Our findings so far are that 39 of these have a reasonably good match

with the hazard zones. This includes landslides mostly within hazard zones with recurrence probability of 0,1 %or at least 0,02 % pr. year,

and where the hazard zone is dominated by such shallow landslides, earth flows or debris flows, although in some locations the hazard

also include snow avalanche hazard. Three more landslides partially match the hazard zones, but with either longer run-out or the runout

followed a different path than anticipated in the hazard mapping. Furthermore, six of the 46 landslides were observed in hazard mapped

areas, but had no or little overlay with the hazard zones.

PP Hillslope |Release area| Release area comp. to hazard zone Run-out comp. to hazard zone

Municipality Place name ) ) .
Setting identified [1/100 1/1000 1/5000 1/100 1/1000 1/5000

Lom Ofigsbe undisturbed yes nfa nfa n/a exceeded  covered covered
Lom Kvamme undisturbed no nfa nfa nia covered covered covered
Lom Fosshergom undisturbed no n/a covered n/a nfa covered covered
Lom Fossbergom undisturbed no nfa covered nla nfa covered covered
Lom Fossbergom undisturbed no nfa covered n/a nfa covered covered
Lom Fossbergom undisturbed no nfa covered n/a nfa covered covered
Lom Fossbergom undisturbed no nfa covered n/a nfa covered covered
Lom Fossbergom undisturbed no nfa covered nla nfa covered covered
Lom Fossbergom undisturbed no nfa covered n/a nfa covered covered
Vaga Lauvrud undisturbed yes n/a n/a nla exceeded covered covered
Vaga Kjolstad/Lalm undisturbed yes nfa nfa nla exceeded  covered covered
Vaga Kjelstad/Lalm undisturbed yes n/a n/a n/a exceeded  covered covered
Vaga Neslykkjevegen undisturbed yes nfa nfa n/a covered covered covered
Sel Liavegen, Otta undisturbed yes nfa nfa nla covered covered covered
Sel Liavegen, Otta undisturbed no nfa nfa n/a exceeded  exceeded  covered
Nord-Fron  Ledtrudgrenda modified yes nfa nfa n/a exceeded  covered covered
Nord-Fron  Veikleenget undisturbed yes nfa nfa n/a notcoverd covered covered
Nord-Fron Steinen modified no nfa nfa n/a nfa notcovered n/a
Nord-Fron Bygarden undisturbed yes n/a n/a nl/a nfa covered nia
Nord-Fron  Kvikne undisturbed no n/a covered n/a nfa covered nfa
Nord-Fron  Kvikne undisturbed no n/a covered n/a nfa covered nfa
Nord-Fron Kvikne undisturbed no nfa covered n/a nfa covered nfa
Nord-Fron Kvikne undisturbed no nfa covered n/a nfa covered nfa
Nord-Fron  Kvikne undisturbed no n/a covered n/a nfa covered nfa
Nord-Fron Kvikne undisturbed no nfa notcovered nl/a nfa notcovered n/a
Nord-Fron Kvikne undisturbed no nfa notcovered n/a nfa notcovered n/a
Nord-Fron  Kvikne undisturbed no n/a notcovered n/a nfa notcovered n/a
Nord-Fron Kvikne undisturbed no nfa not covered nla nfa covered nfa
Nord-Fron Kvikne undisturbed no nfa notcovered nfa nfa notcovered n/a
Ser-Aurdal  Spangerud/Bagn unknown no n/a n/a n/a exceeded  exceeded  exceeded
Ser-Aurdal  Leistrudbakken/Bagn undisturbed yes not covered covered covered notcoverd exceeded  covered
Mord-Aurdal Beelva/Aurdal modified yes not covered covered covered notcoverd notcovered notcovered
Nord-Aurdal Fednes modified yes nfa nfa n/a exceeded  exceeded covered
Nord-Aurdal Fednes modified no n/a nfa n/a exceeded  exceeded  covered
Nord-Aurdal Fednes modified no nfa nfa n/a exceeded exceeded covered
Nord-Aurdal Fednes modified no nfa nfa nia exceeded exceeded covered
Nord-Aurdal Fednes modified yes n/a nfa n/a exceeded  exceeded covered
Nord-Aurdal Bratin undisturbed yes n/a n/a nla exceeded exceeded exceeded
Hol Sendrol/Hagafoss undisturbed yes not covered covered covered notcoverd exceeded  covered
Hol SpndrolfHagafoss undisturbed yes not covered covered covered notcoverd exceeded covered
Hol Sendrol/Hagafoss undisturbed yes not covered covered covered notcoverd covered covered
Hol Spndrol/Hagafoss unknown no notcovered notcovered covered notcoverd notcovered covered
Hol Spndrol/Hagafoss modified no not covered covered covered notcoverd exceeded covered
Hol Sgndrol/Hagafoss maodified no not covered covered covered notcoverd covered covered
Hol Spndrol/Hagafoss modified no not covered covered covered notcoverd exceeded  covered
Hol Sendrol/Hagafoss modified yes not covered covered covered notcoverd exceeded  exceeded
Hol Spndrol/Hagafoss maodified yes not covered covered covered notcoverd exceeded covered
Hol Sgndrol/Hagafoss modified yes not covered notcovered covered notcoverd notcovered covered

Table 1: Review of 48 landslides in previously hazard mapped areas.
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We present here examples where:
1. the landslide fits well with the hazard zones (Holshagen, figure 3 and 4)
2. The run-out length was underestimated (Bagn, figure 5)

3. The source areas had not been identified (Kvikne, figure 6 and 7)

It seems difficult to predict some of the release areas, and especially if there has been human activity such as construction of forest roads,
tracks after forest harvesting etc., as this type of measures can change surface runoff above potential release areas for landslides. Even in

natural hillslopes there seems to be a significant amount of uncertainty when identifying all the potential release areas.

Figure 3: Landslide at Holshagen, Hol municipality. An example of large landslide in areas covered by hazard maps. Erosion in the middle part of the landslide is clearly visible. (Photo: J.
Wasrud, 27. sept 2023).

i
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Figure 4: Landslide at Holshagen (bright yellow colour) and hazard map from 2019 (Taurisano 2019) (recurrence probability 0,1 %pr. year in red and 0,02 % pr. year in orange).

Dynamic modelling tools have become important in hazard mapping. Geologists conducting the hazard mapping often use a set of small
release areas that can likely be triggered individually rather than a large area, because that would produce unrealistic results when modelled.
Even if this may give reasonable results for runout modelling, it may not encompass all the potential release areas one should document in

a field observation map.

Here lies another considerable uncertainty when comparing observed landslides from e.g., Hans to release areas found in hazard maps and

associated technical reports.

The landslide in Bagn, Sgr-Aurdal municipality, had further runout than anticipated in hazard maps from 2017 (Taurisano, 2017). For this
landslide the real release area is not identified in the field registrations following the hazard map report, and the dynamic modelling is
done without the erosion function in RAMMS debris flow. Nevertheless, the hazard zone partially matches the Hans landslide, but too short
(figure 5).
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Figure 5: Landslide in Bagn, Ser-Aurdal municipality (bright yellow colour) and hazard map from 2017 (recurrence probability 1 % pr. year in dark red, 0,1 % pr. year in red and 0,02 % pr.

year in orange).

To include erosion or entrainment in dynamic modelling of landslides seems to be important for getting realistic runouts (Taurisano and
Kronholm 2020) and have thus been a recommended in NVEs technical guidelines for hazard mapping. When we looked at some of the
landslides with runouts going further than hazard zones, we found that erosion was not always included in the modelling. This is mainly
found in technical reports that dates older than 2020. Based on tests in RAMMS Debris flow, this also seems to be the case for the landslide
in Bagn (figure 5), though there might be other contributing factors to the long runout in that case compared to the hazard zones (Tauris-
ano, A. pers. com.).

In some cases, potential starting zones are missed completely, as in the example from Kvikne in figure 6 and 7. In this area only hazard
zones covering recurrence probability 0,1% pr. year are produced, and there are possible that events like Hans were considered to be of a
lower probability. Hazard zones with recurrence probability 0,02 %pr. year might have included these starting zones this if they had been
made. year might have included these starting zones.
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Figure 6: Landslides in Kvikne, Nord-Fron municipality (brown and bright yellow colour) and hazard map from 2022 (recurrence probability 0.1 %pr. year in red). Note the landslides starting

above the hazard zones.
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Figure 7: An example of field registration map of the same area in Kvikne, Nord-Fron municipality, but no release areas are included. The release areas from Hans were not identified in the

hazard mapping. Print screen from report (Walberg and Eidsvag, 2022). Approximate starting zones for the Hans landslides are marked with red ring.

PRELIMINARY CONCLUSIONS
Mapping and collecting landslide data, especially after a large event, is of great importance. Up to date and as complete as possible da-
tabase/inventory of landslides is important to be able to compare and test the reliability of hazard assessments and zones and to improve

guidelines for hazard assessments.
Our findings are that hazard assessments to a large extent are able to accommodate runouts of landslides like those that occurred during the
“Hans” event. The main shortcomings of the current technical guidelines, and thus the hazard mapping, are connected to correctly identify-

ing release areas for landslides. Both in natural terrain and in areas where human activity has changed terrain and drainage.

The inclusion in the guidelines to take the effect of erosion into account in the runout modelling of landslides seems to give positive results

when back calculating the runouts of Hans events.
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