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ABSTRACT
On August 8. 2023, the southern parts of Norway were hit by the extreme weather “Hans”, with large amounts of precipitation that contin-

ued over several days. The weather caused widespread flooding in urban areas, small streams and large rivers, and many debris flows and 

landslides were released. By going through different parts of the events, we describe the complexity of such an extreme situation. A major 

conclusion is the importance of good and efficient co-operation between different actors and stakeholders to successfully mitigate the con-

sequences of high-impact extreme weather.

INTRODUCTION
On August 8. 2023, the southern parts of Norway were hit by the extreme weather “Hans”, with large amounts of precipitation that contin-

ued over several days. The weather caused widespread flooding in urban areas, small streams and large rivers, and many debris flows and 

landslides were released. Our company, Skred AS, had before the events produced hazard zone maps for floods, debris flows and landslides 

for several of the areas that were most heavily affected, we supported the Police during the events, and have worked with the municipalities 

during and after the events. Here, we present a) the meteorological conditions leading to the event, b) the weather conditions during the 

event, c) the observed flooding, debris flows and landslides, also compared to the existing hazard maps, d) the responses that were done 

to handle risk during the event, and e) the ongoing work after the event. We will focus on events in Hallingdal, a valley located between 

Oslo and Bergen, and mainly the municipalities Ål and Hol, but will also draw parallels to other areas affected by “Hans”. We will provide 

observations from both municipalities as the problem-owners, from the Police and Firebrigade, which were involved in the evacuation 

phase, and from the consulting-side.

METHODS
In Norway, warnings for extreme weather events are issued by the Norwegian Meteorological Institute (MET). Forecasts for floods, landslides 

and debris flows at the regional level, are issued by the state, NVE (Norwegian Water Resources and Energy Directorate). The warnings are 

fronted to the public through the website www.varsom.no. Several private companies specialize in making forecasts for floods, and some 

for landslides and debris flows, at the local scale. The clients are normally municipalities which know they have infrastructure located in 

areas threatened by these hazards. Neither Ål nor Hol municipality had local warnings in place and relied on the regional warnings from 

www.varsom.no. 

Hazard mapping in Norway is carried out by private companies, and a few places NVE. Hazard maps for landslides, debris flows, rockfall 

and avalanches indicate areas where the yearly probability of these gravitational mass flows exceed 1/100, 1/1000 and 1/5000. The maps 

indicate the type of mass flow that is most likely, for example landslides. Hazard maps are produced only for small parts of Norway, primarily 

where the hazard is high, and/or many people are living. Parts of Hol municipality had hazard maps before “Hans”, whereas Ål municipality 

did not have such maps. Hazard maps for flooding are made by private companies for smaller streams, whereas NVE normally make the 

maps for the larger rivers. Both Ål and Hol municipality had hazard maps for flooding for the main river through the municipalities, Halling-

dalselva, and for some smaller rivers and streams. 

In order to offer support during situations of high danger of landslides and debris flows, NVE has in place a framework agreement with 

several consulting companies. 

RESULTS AND DISCUSSION
Storm “Hans” emerged from secondary cyclogenesis when the low-pressure systems “Petar” and “Antoni” merged over eastern Europe on 6. 

August 2023. “Hans” reached full strength over the Baltic Sea whereafter it slowly moved north-westward over southern Sweden and into 

southern Norway. The larger scale meteorological setting during Hans was anomalous in several ways due to two main factors. First, the 

low-pressure system reached Norway from the southeast due to a southeast-to-northwest oriented Jetstream, and second, the low pressure 

was more or less stationary during the event, allowing for intense precipitation locally for an extended period of time. The southeasterly flow 

allowed Hans to feed on the extremely warm airmasses over eastern Europe creating optimal conditions for intensification and continuous 

precipitation. 
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The precipitation that fell during “Hans” was a combination of frontal precipitation in a warm front passage on 7 August and as a heavy 

showers in the cold/occluded front 8. August. The cyclone slowly occluded and divided into two centres afternoon/evening 8. August. The 

relatively stationary occluded cyclone finally dissipated 10. August.  Figure 1 shows the position of “Hans” and the analysed frontal structures 

overlaid a satellite image from 7 August at 14 CET. 

Figure 1) Hans’ position and frontal structure 7. August at 14 CET. F>3 indicates a centre pressure drop more than 3 hPa the last 3h. From MET (2023). 

Weather station observations show that “Hans” was a record-breaking precipitation event at several stations, especially in the counties Vik-

en and Innlandet (Figure 2). 11 stations in Innlandet and Viken measured 100 mm/48 during Hans (Figure 2). Many of the valleys where 

landslides, debris flows and floods occurred did not hit 100 mm/48h but broke all-time records. This underlines that “Hans” hit a relatively 

dry part of Norway and was climatologically an extreme event for slope stability and the local waterways.

Southern Scandinavia had an anomalously cold and wet July setting the scene for Hans (Copernicus 2023, Gangstø et al. 2023). This is ex-

pected to have had a role in preconditioning the observed flooding and debris flows due to high saturation of in the ground as “Hans” hit. 

A return period for the combination of the 40-day accumulated precipitation leading up to Hans and the 72h precipitation during Hans is 

in the order of 350–450-years in places where most landslides were observed. 

Figure 2) Accumulated 48h precipitation 8-10 August. From MET (2023). 
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The European Centre for Medium-Range Weather Forecasts (ECMWF) operational model showed the first indications of a potentially high or 

extremely high impact precipitation event already 3. August. In the preceding weekend, 5. and 6. August, the Extreme-Forecast Index from 

the ECMWF flagged high-probability for extreme precipitation 7. and 8. August. 

MET Norway issued there first warning for heavy rain (orange level) 7. to 8. August on 5. August 1300 CET. The first warning for extreme 

precipitation (80-100mm/24h, highest intensities 20-35 mm/h and return periods over 25 years) was sent 6. August 1215 CET. 

Despite being well forecasted, with the first warnings issued 48h before the event, there is a large uncertainty in the exact locality of heavy 

rain showers in the forecast (Frogner et al 2019). Hence the areas that were covered by the warning were relatively large. This uncertainty 

cascades downwards and when dealing with a single landslide path or a debris flow it is impossible to know several days in advance where 

debris flows, landslides or floods will occur. This mismatch of scales requires close co-operation between different authorities and experts 

to translate the issued warnings to risk mitigation actions. 

During the morning Tuesday 8. August the first landslide occurred close to buildings in Hol municipality. After that, large landslides were 

reported regularly the 8. and 9. August in both Hol and Ål. Some events were typical shallow landslides, but with much water in the flowing 

mass, and thus long run-outs (Figure 3). Other events were debris flows, clearly triggered by very high streamflow and erosion along the 

stream channel. Common to many of the events was the very high amount of water. 

Figure 3) The lower part of a landslide in Ål municipality. One house and a barn were fully destroyed, while one house and two barns were partially destroyed in this event. A large amount 

of water is visible in the path. Note the relatively dense forest in the upper part of the path. 

Many of the debris flows and landslides were released from areas where small roads and paths had accumulated excess water and drained 

the water into steep terrain. The problems were therefore related to both hydrology and geology. Very often the hazard maps for debris 

flows and landslides are made by geologists, without any input from hydrologists. During “Hans”, we saw that this may not be an optimal 

way of doing the hazard maps, but that an approach using both fields of knowledge should be used. 
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Several of the landslides and debris flows happened in areas where hazard maps existed. Most of the observed events were within the 

hazard zones. However, in several places the mass flows extended well beyond the hazard zone marking the yearly probability of 1/5000. 

There were most likely several reasons for this. One, partially mentioned above, was the very high mobility of the mass flows due to high 

amount of water. Another reason was the surprisingly high number of large landslides with release areas in relatively dense forest (Figure 

3). Most likely, during the hazard mapping process, the stabilizing effect of the forest was overestimated. Based on preliminary observations 

from “Hans”, the positive effect of forest appears to less pronounced in steeper terrain. 

A preliminary check of the hazard maps for floods appear to show better agreement with the observed floods than the hazard maps for 

landslides and debris flows. One possible reason for this may be that the methods used to make flood hazard maps are less subjective than 

those used for hazard maps for landslides. 

The first large landslide in Hol municipality closed the main road through the main village for traffic. A few hours later, in Ål, one of main 

roads between Eastern and Western Norway were covered with debris from several landslides. This made the evacuation of people from 

houses extremely challenging, as helicopter and a few places boat, were the only ways to do this. During the 8. August the mobile phone 

coverage in most of the municipality in Ål disappeared as floods and landslides damaged the fibre cables serving the radio masts. This 

complicated the evacuation even further, as people in the area could not be contacted. 

The evacuation plans in Hol municipality relied heavily on the hazard maps for debris flows and landslides where they existed. These maps 

provided a fast way of prioritizing the order of evacuation. In Ål municipality, where hazard maps for debris flows and landslides did not 

exist, more time-consuming work of “on the fly” hazard evaluation had to be done by hydrologists/geologists, as the existing susceptibility 

maps for landslides proved too coarse. This proved the hazard maps to be a 

valuable tool, not only for planning new infrastructure, but also for events like this. 

Three months after “Hans”, most of the damages are repaired, but still some bridges must be permanently replaced. Temporary protection 

measures against landslides are in place, and more permanent protection is being planned. First, however, Ål municipality are waiting for 

hazard maps for landslides and debris flows, that will help them prioritize the protection measures. 

CONCLUSIONS
The extreme weather “Hans” was by most measures well forecasted from an atmospheric perspective and adequate warnings were issued 

48h ahead of the event. The high destructive power of “Hans” was a combination of the rare storm track orientation and the more or less 

stationary position of the cyclone. In many ways Hans was a product of the record warm summer in southern Europe, both the origin of 

the low-pressure and its moisture source and is hence linked to the ongoing climate change. 

While there are many lessons learned, one major conclusion is the importance of good and efficient co-operation between different actors 

and stakeholders to successfully mitigate the consequences of high-impact extreme weather. “Hans” demonstrated the high importance of 

local knowledge combined with existing hazard maps during the evacuation phase of such an event. The hazard zones may in some placed 

have been underestimated due to underestimation of the effects of combined flooding, landslides/debris flows, and the following very long 

runouts. The effect of forest in the reduction of release probability may have been overestimated, leading to fewer release areas in the hazard 

mapping procedure, than what was observed. 
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