NVE'S COLLECTION AND COMPILATION OF FLOOD AND LANDSLIDE DATA
FROM THE EXTREME WEATHER “HANS”
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ABSTRACT

In august 2023, the extreme weather "Hans" brought floods, storm water and hundreds of landslides, causing damage for billions of NOK
in South Norway. “Hans” was announced in advance and lasted for a prolonged period of time, thus we had the opportunity to document
the event well. Remote sensed data collected during the event includes drone images, optical images and LiDAR data from airplane, and
satellite images and products. Field data included water discharge and water level measurements. The collected data will e.g., be used as
input (calibration data) to update flood and landslide hazard maps and to make new landslide hazard maps for some areas. The data will
also be used in several research and development (R&D) projects. This weather event has provided us with a valuable experience in data
collection, as well as shown the necessity of collaboration between different contributors. We believe this experience will make us better

prepared for the next extreme weather.

INTRODUCTION

The extreme weather "Hans" was formed when two existing low-pressure systems moved across Europe and collided, forming a new
low-pressure system on Sunday August 6th. The system then moved north, intensified further over the Baltic Sea, and approached Norway
from an uncommon direction, from the southeast. The warmer summer air contained more moisture than typical, and with additional con-
tribution from orographic precipitation the storm remained stationary over South Norway from Monday August 7th to Wednesday August

9th. On Thursday August 10th the low pressure weakened, and the rainfall decreased (Granergd et al., 2023).

“Hans” caused floods, storm water and around 700 landslides (Skredregistrering, 2023). The extreme weather caused damage for several
billion NOK, destroying farmland, houses, roads and bridges. It closed some of the main roads in South Norway, limiting transportation be-
tween regions (Aftenposten, 2023; Finans Norge, 2023). Fortunately, there was no loss of life during the event. Many were, however, forced
to be evacuated both during and after the event, some still waiting to move back home. Drammensvassdraget and Glommavassdraget, two
of Norway's largest catchment areas, was especially affected by the event. With some additional rainfall after “Hans”, it took almost five

weeks before the excess water subsided in the greater waterways (Varsom, 2023a).

One of the main missions for The Norwegian Water Resources and Energy Directorate (NVE) is to improve society's ability to manage flood
and landslide risks. We work on this through mapping of flood and landslide hazards, land use planning, building physical protection
measures, R&D, and flood and landslide warning dissemination. The role of NVE during flood and landslide events is to give advice about
flood forecasts, evacuation, emergency measures and more, to the municipalities, the police, and other public authorities. The municipality
itself has a fundamental responsibility for the safety of its inhabitants (Regjeringen, 2021). Documenting major events creates an important
foundation in preparation for future events. The “Hans” incident was announced a couple of days in advance and lasted for a prolonged

period, allowing for the collection of large amounts of remote sensing data and field data.

METHODS
An event with the magnitude of Hans is very rare, thus the associated data are valuable to obtain. Therefore, a large-scale documentation of

the event was performed. The mapping was conducted from space, air, land, and water, combining both remote sensing data and field data.

Remotely sensed data collected includes drone (unmanned aerial vehicle, UAV) images, aerial images and LiDAR data from airplane, and sat-

ellite images and products from the Copernicus Emergency Management Service (CEMS) and the United Nations Satellite Centre (UNOSAT).

Through the Norwegian membership in the European Earth observation programme Copernicus, NVE has the possibility to receive satellite
data in emergencies through CEMS. NVE requested delineation products which shows the flooded areas or where landslides have occurred
(Copernicus, 2023a). We will also have access to the satellite images used by the service. The service can use satellites with both radar

(synthetic aperture radar) system and optical sensors. Thick cloud cover is a challenge for optical images, but not any problem for radar.

The timing of image capturing is essential for floods, where it is preferred to get images close to culmination. It was therefore essential to
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get data quickly, which is possible through CEMS. To maximalize the probability of getting images of the culmination, images were taken

on two or three occasions of the same areas.

Large areas were mapped by airplane during the event. These aerial images were taken of both flood and landslide areas. The aerial map-
ping was conducted through an agreement called “Airborne data capture in emergencies” (Kartverket, 2023). It is an agreement between
the partners of the nation-wide programme Geovekst, managed by the Norwegian Mapping Authority. The agreement made it possible to
do aerial photography as quickly as the same day that the request was made. During the event, optical and infrared images were taken of
large areas by the company Field Geospatial AS. Ground sampling distance of the resulting orthophotos was 5 cm and 10 cm. It is planned
to perform flood boundary lineation on the orthophotos. In addition, LIDAR-mapping by Field Geospatial AS was performed over several
landslide areas.

Drones were used to map flood areas and landslide areas during “Hans”. Due to the limited reach of the drones, only areas of great interest
were mapped. These areas were affected by severe flooding and/or landslides and had extensive damage. Areas with flood zone maps and
planned flood zone mapping were also chosen, as calibration data are of great interest here. Images of flood extent are especially valuable
when taken in combination with water discharge measurement. Therefore, drones were flown in the areas where water discharge measure-

ments were carried out.

Water discharge measurements were carried out in several watersheds. Measurements were taken near existing stations where remote sens-

ing mapping was performed, and at other places of interest.

When it comes to field data, numerous measurements of water level were carried out. The measurements consisted of both physical meas-

urements and automatic measurements from hydrological stations.

Vast amount of data was documented by the public, consultants and municipalities. NVE have worked extensively to collect these data.

During the event several actions were taken to encourage the public to document their observations of floods and landslides, preferably
through the crowd sourcing application Varsom Regobs, where everybody can share observations of natural hazards (Varsom, 2023b).
E-mails were also sent to the affected municipalities, which urged them to register flood observations. In addition, several observations were

gathered and registered by consultants.

NVE has a framework agreement with several consulting companies that can help us with emergency assessments of landslide danger.
Several companies were engaged during “Hans”, and after the most acute phase, they were also engaged in documenting landslide events

through fieldwork and desk-top study (using e.g., satellite- and aerial images).

RESULTS AND DISCUSSION

A total of 2790 km2, divided over 22 areas, were aerially photographed during or shortly after the event by the company Field Geospatial
AS. For several areas, we were not able to obtain aerial photos due to weather conditions. Figure 1 shows the distribution of the areas. All
images are available from norgeibilder.no.

302 km2 divided over 14 areas were scanned with topographic LIDAR within two months of the event by the company Field Geospatial AS.
All LiDAR data are available at hoydedata.no.
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Figure 1

CEMS analysed 10 areas for flood and 12 areas for landslides. Nine areas were analysed two times or more (monitored) for flooded area.

Data available from CEMS mapping viewer (Copernicus, 2023b).

UNOSAT analysed 6 areas for flooded area and 12 areas for landslides. Data available from UNOSAT map application (UNOSAT, 2023). These

analyses were performed by and on initiative of UNOSAT, which contacted NVE during the event.

We made orthomosaics for eight areas from drone images, dated from 9th to 17th of August, e.g., for Hokksund and Mjgndalen when Dram-

menselva was close to culmination. Figure 2 shows an example of a drone image taken at Hokksund from 11th of August 2023.

Figure 2: Drone image showing flooded areas at Drammenselva, Hokksund, 11.08.2023. Image credit: Simon Oldani, NVE.
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NVE carried out several measurements of water discharge and of water level. In addition, several municipalities sent us images of flooded

areas and GPS-measurements of water levels. We also got information about flooded areas and landslides from Varsom Regobs.

The size and development of the extreme weather “Hans” is rare for Norway but may become more common in the future. Climate adaption
is important, where land use planning that takes flood and landslide hazard into account is the key to safer living and minimize damage to
buildings and infrastructure. Thus, detailed mapping of flood and landslide hazards is essential in risk assessment. Extreme and rare events
is important to document properly in order to have calibration and validation data for mapping of flood and landslide hazard. What we
need to know is how far the run-out of landslides went in areas close to buildings and infrastructure, and which areas that was covered

with flood water at culmination.

Regarding the mapping of flood and landslide hazard, the collected data will be (and have been) used as input (calibration and validation
data) to update hazard maps and to make new hazard maps for some areas. For mapping landslide hazard, professionals have used and
still use the aerial and satellite imageries and products to delineate the landslide extents and to compile all the landslides during the event,
especially looking at the maximum run-out. The compilation of landslides will also be used in several R&D projects, an example is a project
that look at release areas for landslides, where the goal is to make better susceptibility maps for landslides. The topographic LiDAR data will
primarily be used as input in modelling of landslide run-out. The data can also be used in combination with orthophoto to better delineate
the release and run-out area for landslide and debris flow events, and to measure volume of the landslides by comparing the digital terrain

model with previous models (potentially for R&D projects).

The Norwegian Mapping Authority will help us use the aerial images to delineate the flood, hopefully both the extent of the flood from the
time the images were taken and for the flood during its maximum extent (culmination), for those areas where signs in the landscape make
this possible. For several of the areas, we also have images in the infrared spectrum, which will be helpful. By using image matching, we
will also be able to get the height of the water level. All of this will provide very good calibration data for flood hazard mapping. We have a
goal of creating hydraulic models for long stretches of the main rivers that were most exposed during Hans, and these data will be used for
this. The delineation of the maximum extent of the flooded area under “Hans” will be used for many purposes and analyses, for example:
analysing how many buildings that were directly affected by the flood and link this to changes in legislation; evaluate the flood warnings
and forecasts that were given; update flood zone maps; examine how many buildings that were not exposed to the flood due to physical

flood protections; evaluate the flood extent products from CEMS and UNOSAT and clarify which data we should prioritize next time.

Collected data was not used much in the preparedness phase. One reason may be that, in Norway, we have several other good data sourc-
es which give data close to real time, such as water level and water discharge data from measuring stations. In the preparedness phase,
we need fresh data, and the value of data is rapidly decreasing for preparedness purposes. Especially aerial images and LiDAR data takes
time to process and obtain. Images and mapping products from satellites and drones are potentially much faster available. Drones are, off
course, much used for preparedness purposes, but often only to give an overview of the situation with simple images and videos, and not
for systematic mapping purposes. News media are often quick on the spot in Norway. Therefore, NVE received a lot of information from the
media and from the municipalities to keep track of the situation and to evaluate if NVEs warnings are set correctly or should be adjusted.
The road authorities have many entrepreneurs that gives information about closed roads, and we get information about landslide incidents
from several contributors through the Varsom Regobs app. However, during “Hans”, accessibility on roads and railways was greatly reduced
in South Norway (Nettavisen, 2023; TV2, 2023). Thus, if there is an incident similar to or worse than “Hans” in the future, we assume that

the need for remotely sensed data will also increase for preparedness reasons.

Most of the data collected has been or will be made available free of charge to the public. All aerial orthophotos are now available at nor-
geibilder.no. We will also publish the orthomosaics from drone at this site. The topographic LiDAR-data from airplane are published in the
national management solution for terrain data, called hoydedata.no. Hydrological data from the measuring stations is available from the
webpage sildre.nve.no. Through easy access to data, we ensure that other interests can use the data to the better for the society. We know
from before that this type of data is used extensively by students and scientists, and data should be of high interest to the municipalities that
were exposed to “Hans”, and by other public agencies responsible for e.g., roads and railways. Overall, easy access to data will increase the

benefit of the data drastically.

The work of collecting data under “Hans” has given us important experiences about the data collection process. We need more knowledge
about the usefulness of the satellite images, and we will evaluate the data we got during “Hans”. For several areas, we got data from both
satellite, drone and airplane at around the same time. This is useful when we compare and evaluate/validate the data, but next time we
should have a better plan for where we want what type of data, and how we can coordinate field work and data capture from remote

sensing better. Maybe we can prioritize to order aerial imagery only in the well populated areas in the main valleys, while using data from
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satellite for sparsely populated areas. Because aerial photography is expensive, we can choose to only use satellite images for less serious
incidents (but with a large geographical scope). For large events with many landslides, we can first order satellite data for larger areas, and
use this data as input to select smaller/fewer areas for data capturing by airplane. For incidents with a much smaller geographical scope,
such as single landslides or floods and erosion in small, steep waterways, we can use drones. Thus, we need to create an overview of which
type of platform that works best for which type of events, and we should try to make predefined areas that are potentially suitable for data

capture from satellite or airplane.

CONCLUSIONS

“Hans” is probably the best documented natural hazard event in Norway. All the work with documentation from both remote sensing and
from field work has cost thousands of hours of work and millions of NOK. In the long run, we believe that the work will pay off, and that
the benefits far exceed the costs. Now we need time to analyse all the data we have, and to create a plan for a better and more efficient
data capture for the next extreme event. Forward, with help from the Norwegian Mapping Authority, we will delineate the maximum flood

extent under “Hans”, as a basis for a number of analyses and evaluations in the coming years.
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