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Preface 
This report was prepared by the authors to provide an overview of the key results from 
the NVE/NRS projects associated with hydrology and avalanches during the Phase One 
of the Copernicus programme. NORCE, Norwegian Computing Center, Norwegian Polar 
Institute, and the Department of Geosciences at the University of Oslo all made valuable 
contributions to the projects, as did the Norwegian Public Roads Administration, the 
Norwegian Defence Research Establishment, and the companies Bouvet and Geodata. 
The authors are project leaders/coordinators for these projects and specialists in 
hydrology, glaciology and/or remote sensing.  

This report also outlines opportunities and priorities for operations and development in 
the next Copernicus phase. This report is written for the management at NVE, the 
Norwegian Space Agency, and for universities, institutes, organisations, and other 
stakeholders that are interested in NVEs work on National Copernicus products and 
services, especially within the field of Hydrology and Natural Hazards. 

Hege Hisdal  Rune Verpe Engeset 

Director, Hydrology Department Head, Glacier, Ice and Snow Section 

This document is sent without signature. 
The content is approved according to internal routines. 
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Summary 
This report summarises results from the exploration and development of preoperational 
services covering Norway and partly Svalbard to monitor avalanches, floods, glaciers, 
snow cover, and lake ice and temperature. The results show that valuable operational 
services could be developed using Sentinel data, and the data from the services are 
already in use by the national flood, avalanche and avalanche warning services and are 
providing high quality data for quantifying changing glaciers. 

The next phase of the Copernicus programme should aim at consolidating the services 
with the highest potential, explore more advanced use of existing data and the 
opportunities in new satellite missions within the Copernicus programme. The glacier 
service has produced data used to quantify climate change effects, and this potential 
should be explored in other fields, such as avalanches, snow cover, and lake 
ice/temperature. Quantifying and improving data quality will continue to be important in 
the future, as is understanding the implication of data coverage/quality for the warning 
services and climate change studies.  
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List of abbreviations and acronyms 
  
DEM   Digital elevation model 
et al.   et alia, meaning ‘and others’ (used for multiple authors) 
ESA   European Space Agency 
EUMETSAT European Organisation for the Exploitation of Meteorological 

Satellites 
ECMWF  European Centre for Medium-Range Weather Forecasts 
FCLS   Fully constrained least squares  
GLIMS  Global land ice measurement from space 
GLOF  Glacier lake outburst flood 
inSAR  Interferometric SAR 
NBS   Nasjonalt bakkesegment (Norwegian for Norwegian ground segment) 
NDSI   Normalized difference snow index 
NDWI  Normalized difference water index 
NIR   Near-infrared 
NPI   Norwegian Polar Institute 
NPRA  Norwegian Public Road Authorities 
NR   Norwegian Computing Center 
NVE   Norwegian Water Resources and Energy Directorate 
OLCI   Ocean and land colour instrument 
POD   Probability of detection 
S1   Sentinel-1 
S2   Sentinel-2 
S3   Sentinel-3 
SAR   Synthetic aperture radar 
SCA   Snow cover area 
TM   Thematic mapper 
UiO   University of Oslo 
WFS   Web feature service 
WMS   Web map service 
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1 Introduction 
1.1 Copernicus and the Sentinels 
Copernicus is the European Union's Earth observation programme, looking at our planet 
and its environment to benefit all European citizens. It offers information services that 
draw from satellite Earth Observation and in-situ (non-space) data. The European 
Commission manages the Programme. It is implemented in partnership with the Member 
States, the European Space Agency (ESA), the European Organisation for the 
Exploitation of Meteorological Satellites (EUMETSAT), the European Centre for 
Medium-Range Weather Forecasts (ECMWF), EU Agencies and Mercator Océan. Vast 
amounts of global data from satellites and ground-based, airborne, and seaborne 
measurement systems provide information to help service providers, public authorities, 
and other international organisations improve European citizens' quality of life and 
beyond. The information services and satellite data provided are free and openly 
accessible to users. At the core of the programme are the Sentinel satellites, which are 
developed for the specific needs of the Copernicus programme. Sentinel-1, -2, -3 and -6 
are dedicated satellites, while Sentinel-4 and -5 are instruments onboard EUMETSAT’s 
weather satellites. 

Norway joined the programme in 2015. Norwegian participation and activities have been 
coordinated by the Norwegian Space Centre (NRS). The Norwegian Water Resources and 
Energy Directorate (NVE) has in cooperation with NRS, explored the opportunities for 
new services and products within NVEs area of responsibility. NVE is a directorate 
subordinate to the Ministry for petroleum and Energy and manage Norway’s water and 
energy resources. 

This report summarizes the activities and results from NVE-lead projects in Phase One 
(2015-2020) and provides recommendations for the next phase (2021-2027). Phase One 
aimed at exploring potentially relevant services and products within NVEs 
responsibilities, which includes the management of water resources, energy resources, 
and natural hazards (floods, avalanches, landslides, ice and glaciers) in a short-term and 
long-term perspective (i.e. analysing the effects of climate, political and societal 
changes). The following phase-one Sentinels are of particular interest to NVE: 

 Sentinel-1 provides all-weather, day and night radar imagery for land and ocean 
services. The twin satellites Sentinel-1A and Sentinel-1B were respectively 
launched on 3 April 2014 and on 25 April 2016. 

 Sentinel-2 provides high-resolution optical imagery for land services. It provides 
for example, imagery of vegetation, soil and water cover, inland waterways and 
coastal areas. Sentinel-2 also delivers information for emergency services. The 
twin satellites Sentinel-2A and Sentinel-2B were respectively launched on 22 
June 2015 and on 7 March 2017. 

 Sentinel-3 provides high-accuracy optical, radar and altimetry data for marine 
and land services. It measures variables such as sea-surface topography, sea- and 
land-surface temperature, ocean colour and land colour with high-end accuracy 
and reliability. The twin satellites Sentinel-3A and Sentinel-3B were respectively 
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launched on 16 February 2016 and on 25 April 2018. EUMETSAT operates the 
satellites and delivers the marine mission, while ESA delivers the land mission. 

1.2 Exploring demands and possibilities 
A structure with five projects was established for Phase One, including participants from 
Norwegian Water Resources and Energy Directorate (NVE), Norwegian Space Agency 
(NRS), Norwegian Computing Centre (NR), NORCE Research, Dept. of Geosciences at 
the University of Oslo (UiO), Norwegian Polar institute (NPI), Norwegian Public Road 
Authorities (NPRA), Bouvet and Geodata.  

The projects were designed to develop prototypes for change detection and monitoring 
within five specific and one common area of services (Figure 1-2-1). 

 
Figure 1-2-1. Schematics of the topics and service areas which were addressed in Phase One. 

The projects are described in further details in Table 1-2-1. The projects were co-funded 
by the NRS through national funding reserved for Norwegian implementation of the 
European Copernicus Program, NVE and NPRA.  

 

 
Table 1-2-1. A summary of project in Phase One.  

Project Organisation Management 
and funding 

Floods 

The flood-project (“Flomtjenesten” or Flood 
Service) aimed at developing a prototype of a 
service for monitoring flood inundated areas 
during floods. The system was to be 
automatically triggered by flood or landslide 
warning services at orange level or higher. 
When triggered, Sentinel-1 (S1) data should 
be pulled from the Norwegian Ground 
Segment-project (Nasjonalt bakkesegment in 
Norwegian, NBS) infrastructure and geocoded, 
followed by temporal change detection to map 
flooded areas during the flooding period.   

 

Algorithms were to 
be developed and 
delivered by NR, 
while NVE was to 
implement the 
system with 
assistance from 
Bouvet. 

The project covered 
mainland Norway. 

 

Project lead 
by NR. 

Prototype 
service 
managed by 
NVE. 

Funding from 
NRS and 
NVE. 
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Avalanches 

The avalanche-project (“SatSkred”) aimed at 
developing a method for detecting snow 
avalanches from S1 data, and to implement a 
processing and visualisation system for the 
warning services and road preparedness 
professionals. The system was to process all 
available data for the 22 warning regions on 
mainland continuously and visualise all 
detected avalanches. Method development 
would include automatic detection, validation 
and accuracy, processing speed, and the 
improvement of detection capacities 
(managing false negatives and positives). 
Geocoding was included in the project as the 
NBS could not deliver geocoded S1 data. 

 

Algorithms were to 
be developed and 
delivered by 
NORCE, while NVE 
was to manage the 
project and 
implement the 
system with 
assistance from 
Bouvet, Geodata and 
NPRA. 

The project covered 
mainland Norway. 

 

Project lead 
by NVE. 

Service 
managed by 
NVE. 

Funding from 
NRS, NPRA 
and NVE. 

Snow 

The snow-project aimed at testing different 
algorithms for deriving snow covered area 
(binary or fractional) from S3 data, as well as 
managing the challenges from cloud cover and 
limited amount of light during the arctic 
winter, and for different land cover types. The 
project included testing various algorithms, 
validation against field and Sentinel-2 (S2) 
data and developing/testing methods for 
generating false colour composites and 
mosaics and other snow parameters such as 
surface temperature and grain sizes. Based on 
validation clear recommendation for best set of 
snow cover algorithms should be given at end 
of the project.  

 

Algorithms were to 
be developed and 
delivered by NR, 
while NVE was to 
implement the 
system with 
assistance from 
Bouvet. 

The project covered 
mainland Norway. 

 

Project lead 
by NVE. 

Prototype 
service 
managed by 
NVE. 

Funding from 
NRS and 
NVE. 

Lake ice 

The ice-project aimed at monitoring lake ice 
and water surfaces, deriving ice cover area 
(fractional) and lake ice type (snow on ice, 
clear ice, and open water), as well as surface 
temperature and false colour mosaics. 
Validation of products using S2 data and field 
observation was also included, as was 
visualisation of data. 

 

Algorithms were to 
be developed and 
delivered by NR, 
while NVE was to 
implement the 
system with 
assistance from 
Bouvet. 

The project covered 
mainland Norway. 

 

Project lead 
by NVE. 

Prototype 
service 
managed by 
NVE. 

Funding from 
NRS and 
NVE. 
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Glaciers 

The glacier-project (“Copernicus Glacier 
Service” or “'Copernicus bretjeneste” in 
Norwegian) was a cooperation between the 
NVE, NPI and UiO. The project mainly 
focused on using optical imagery from 
Sentinel-2, but also Sentinel-1 and Landsat-8 
and other sensors were considered and used. 

 

Algorithms were to 
be developed by all 
partners, who also 
were to analyse the 
data. 

The project covered 
mainland Norway 
and Svalbard. 

 

Project lead 
by NVE. 

Services 
managed by 
NVE and 
NPI. 

Funding from 
NRS, NVE, 
NPI and UiO. 

Infrastructure 

Infrastructure development activities included 
development of infrastructure for data 
retrieval, storage, processing, distribution, and 
visualisation, as well as dissemination (API’s, 
Xgeo.no, satskred.nve.no, temakart.nve.no and 
NVE atlas, iskart.no) 

 

The activities have 
been part of all the 
above mentioned 
NVE projects in the 
group “Production 
line for satellite data 
at NVE”. Other 
internal groups with 
shared interests at 
NVE were involved 
(Remote sensing and 
Xgeo groups). 

 

Managed by 
NVE, 
involving 
management 
structure. 

Funding from 
NVE and 
NRS. 

 

1.3 Other relevant projects 
Other relevant projects in Phase One were: 

 InSAR Norway, an NGU-lead project establishing a service for measuring 
surface deformation and identifying/monitoring rock avalanche objects. 

 Norwegian Ground Segment (Nasjonalt bakkesegment in Norwegian, NBS), 
an NRS/MET-led project establishing infrastructure for storage and processing of 
data relevant to many users covering Norway’s geographical area of interest. 

 FonnSat, a 1-year NVE-lead pilot project testing Sentinel-2 for monitoring 
smaller ice patches with archaeological finds. Cooperation between NVE and 
Norwegian University of Science and Technology (NTNU) and supported by 
Riksantikvaren. The results were summarized in a NVE Report (Andreassen et 
al., 2020). 
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2 Results 
2.1 Floods 
Floods are common in Norway throughout the year. Some regions are particularly prone 
to floods during spring, due to snowmelt especially when in combination with rain. In 
other regions, such as western Norway, rain floods caused by persistent low-pressure 
systems in the autumn and winter are dominating. The early warning service for flood 
hazards in Norway has been operative for more than 30 years.  

Mitigation measures and emergency preparedness are also tasks closely related to the 
forecasting of flood hazard. NVE’s role, among other, covers assistance to the local 
authorities, identification of flood hazard and analysis and evaluation of the associated 
risk. Satellite images has not been applied in the assessments and management until 
recently, mainly due to the low spatial and temporal resolution for this purpose. 
 
The aim of the project “Satellite Flood Forecast Service (SFFS)” (“Flomtjenesten” in 
Norwegian and “Flood service” for short) was to develop a pre-operational flood service 
using Sentinel data to monitor the progress of floods and flooded areas in Norway. 
Thereby also to support the governmental and local authorities with their emergency and 
long-term task for best possible management of flood hazards (Solberg, et al, 2017; 
2019). 

2.1.1 Applications 
The products from the flood service have several applications. NVE uses satellite data 
from this service within emergency preparedness, management and to a smaller extent for 
forecasting.  

During the project, a platform to support the assessment and management during flood 
situations was established. The map portal xgeo.no connects various data sources to give 
NVE and other users the best possible overview of the flood course. Remotely measured 
data is a good complement to other data. 

The processing time from recording to finished map products is less than 24 hours. This 
is significantly faster than during previous dependance on aerial photos, enabling a 
supportive tool, especially for monitoring, mapping, and emergency applications. 

2.1.2 The flood service 
NVE's Flood Warning Service uses various data sources to monitor and forecast floods 
including (real-time observations from the hydrological station network, weather 
forecasts and hydrological models). The hydrological station network provides reliable 
data at certain points, but an overview of the overall situation where no ground-based 
observation data are available, can be challenging. In small and quickly responding rivers, 
floods are relatively short-lived events, and the flood peak determines a major part of the 
level of damage.  

For the monitoring of floods, the satellite data may provide information about the flood 
situation in the areas where we do not have hydrological stations and thus also the 
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progress of the flood, enabling better evaluation of the flood progress further 
downstream.  

The challenge with mapping floods using S1 compared to other satellite applications, 
such as various avalanches, is the short -lived extent of the event. Yet, the time window 
varies somewhat with the type and size of the watercourse. Once the flood peak has 
passed the area it is difficult to detect the former water level within the spatial resolution 
currently available. Thus, the detection relies heavily on a temporal resolution sufficient 
to observe the flood peak. 

Under optimal coverage conditions (Figure 2-1-1), changes are detected between morning 
recordings and afternoon satellite image acquisitions.  

The challenge, however, is simultaneous satellite coverage and flood peak. Data on the 
maximum flood level may be lost during unfavorable coverage conditions. Sentinel-1 has 
a 6 day repeat cycle, allowing daily coverage in the north and every 2-3 days in the south 
of Norway. Lack of image coverage is a limiting factor that can lead to flood events of 
shorter duration not being detected. 

 
Figure 2-1-1: Example showing optimal temporal coverage. Changes in flooded areas, between two SAR 
acquisitions within a few hours, are indicated in red colour. Flood in Southern Norway in 2017. 

The Copernicus Emergency Management Service (CEMS) have been activated for larger 
floods in Norway. This emergency service is triggered in cooperation with Norwegian 
Directorate for Civil Protection (DSB) and NVE when large floods are foreseen. This 
service uses commercial radar satellites to map flooded areas and is complimentary to the 
SFFS that use Sentinel-1. 

2.1.3 Emergency preparedness and mitigation measures 
The main application of the satellite images is flood hazard mapping for evaluation of the 
flooded area as a basis for emergency preparedness and mitigation measures. The results 
from the flood inundation mapping show which areas were flooded at the time of 
acquisition. The data are easily exchanged with regional and local emergency authorities 
though the portal Xgeo.no. 
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Within the area of land use and mitigation measures, there are particularly three areas, 
where the results from the flood service project can be useful: 

 Flood emergency management 

 Data for the flood hazard mapping and flood database 

 Land use and area protection measures 

An accurate survey of the flooded area enables better future management of such events. 
Mapping of flood extent is a part of both the governmental and local flood risk 
management.  

Comparisons of satellite images of an area before flooding and images during a flood, 
enables an overview of both the areal coverage of the flood as well as areas exposed. 

The limiting factor and challenges are identical to those for the forecasting, where the 
temporal coverage might not be sufficient to detect the maximum flood levels.  

2.2 Avalanches 
Snow avalanches are a common natural hazard in the Norwegian mountains from North 
to South. Avalanche hazard mapping and forecasting are applied to manage avalanche 
hazards. Both approaches largely benefit from accurate records of avalanche activity. 
However, monitoring of avalanche activity is based on manual observations, which leads 
to highly incomplete records in both space and time. 

The debris after an avalanche release shows as an area of increased backscatter in images 
taken by the radar-sensor onboard Sentinel-1 (Eckerstorfer et al., 2017). Since the 
Sentinel-1 coverage over Norway is good - within a 6-days repeat cycle, entire Norway is 
covered by 392 Sentinel-1 images – we can use radar-images to monitor avalanche 
activity with a temporal resolution of 1-3 days. 

The goal of the SatSkred-project was to develop a pre-operational service using Sentinel-
1 data to monitor avalanches in Norway and develop concepts to use this data in 
avalanche forecasting and hazard mapping. 

The use of radar for avalanche detection is advantageous in many ways. Active radar 
sensors illuminate Earth’s surface using microwave radiation and are thus independent of 
weather or light conditions. The Sentinel-1 satellites deliver free SAR (synthetic aperture 
radar) data in a consistent manner, enabling near-real time monitoring of avalanches. 

2.2.1 Technical implementation 
To detect the relative backscatter increase from avalanches, we use temporal change 
detection of backscatter intensity (Figure 2-2-1). We compare the change in backscatter 
between two Sentinel-1 images of similar geometry (ascending / descending paths) and 
track number, six days apart. 
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Figure 2-2-1. Example shows three images used to detect avalanches, left is the reference image, in the 
middle is the repeat pass image and to the right is the change image (difference between repeat pass 
and reference image). Circles denotes areas where avalanches were deposited during between the 
image acquisitions. Illustration by NORCE Research. 

Our avalanche detection processing system (Figure 2-2-2) is initiated every time a new 
Sentinel-1 image becomes available. Sentinel-1 GRD data is downloaded and geocoded 
applying proper precision geocoding with an accuracy limited only by orbit and digital 
elevation model (DEM) accuracy. 

 
Figure 2-2-2. Schematics of the SatSkred processing system. 

The avalanche detection is carried out in two separate parts, where the first part is a 
‘Difference of Gaussian’ filtering and the second part is a segmentation process in 500 x 
500 px windows that segments the image into ‘avalanche’ and ‘no-avalanche’, retaining 
the ‘avalanche’ pixels and transferring them into vectors. See Eckerstorfer et al. (2019) 
for further details on the method used. 

The vector data is imported into the National Avalanche Database. During the import, we 
merge overlapping polygons from the same avalanche and improve the release time 
estimate based on previous images over the same area.  

Detected avalanches and related statistics (example is shown in Figure 2-2-3) are shown 
on an interactive web platform: satskred.nve.no. 

https://nveazure.sharepoint.com/sites/FAG-Fastgruppeforfjernanalyse-Produksjonslinjeforsatellittdata/Delte%20dokumenter/Produksjonslinje%20for%20satellittdata/satskred.nve.no
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Figure 2-2-3. Screenshot of from satskred.nve.no showing the data visualization. The user can choose a 
period and avalanche forecasting region. The detected avalanches are shown on the map and in the 
time-line below the map. Further statistics on elevation, aspect, and avalanche size are available on the 
same page (not shown here). 

2.2.2 Application and limitations 
We can detect avalanche debris while information on the release area and avalanche track 
is not immediately available from our data. Due to the pixel resolution of 20x20 m, 
smaller avalanches (<200 m2) are not detectable. In general, larger avalanches are easier 
detected than smaller ones. 

There is also a temporal uncertainty associated to the avalanche detections in general in 
the order of 6 days. However, using multiple orbits, this uncertainty can in ideal cases be 
reduced to less than one day. 

The backscatter intensity signal from snow is highly dynamic due to changing surface 
characteristics and dielectric properties. The accuracy of avalanche detection thus 
depends highly on the net relative backscatter change between the two images used for 
temporal change detection. If the net backscatter change is high, the relative difference in 
backscatter between avalanches and their surrounding remains low, which happens for 
example when snow transitions from a wet to a dry state. 

The current version of the detection algorithm works best on wet slab avalanches. 
Validation against field observations gave an overall probability of detection (POD) of 
57% which increases with avalanche size. Large wet avalanches have a POD of more 
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than 75%. The POD for large, dry avalanches using the current detection algorithm is 
substantially lower, between 25% and 39%. 

Radar shadow can limit the amount of terrain that we can “see” from an orbit. 
Preliminary studies indicate that around 10% of avalanche terrain in Norway might be 
“hidden” by radar-shadow and overlay. The system is currently set-up to produce daily 
avalanche detection over the forecasting areas of the Norwegian avalanche warning 
service (Figure 2-2-4). It has been consistently monitoring avalanches since November 
2020. We use the data to identify larger avalanche cycles and compare them with the 
avalanche forecast. 

 
Figure 2-2-4. Delineation of processing tiles, so called SatSkred-regions. Rectangles with thick gray 
margin show regions that or monitor continuously while regions with a thin frame can be switched on 
on-demand. Avalanche forecasting regions are shown as red polygons. 
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During 2021, we will run the system on Sentinel-1 data dating back to 2016 when 
Sentinel-1 B was activated. Once historic detections are in our database, we can map 
avalanche prone areas and correlate days with many and/or large avalanche with the 
meteorological and snowpack conditions. We are then able to estimate the return 
frequency in avalanche path with high activity. This information can aid in planning and 
prioritizing avalanche protection measures. 

2.3 Snow 
In the project a pre-operational service has been established to derive snow cover and 
visual (true and false colour) product daily from Sentinel-3 and Sentinel-2 Level 1 
images. The service has been developed to improve our knowledge of snow condition in 
Norway for use in NVEs Flood, Avalanche and Landslide Warning Services, as well as 
hydrological and snow models. The satellite data gives a spatial overview of the overall 
situation of the snow conditions (snow covered versus snow free areas), which is not 
provided by real-time observations from in situ stations used by the flood forecasting and 
models.   

Several algorithms for deriving snow cover area, both binary and fractional, from S3 were 
tested. A binary snow cover product has been developed from S2 data. Several visual 
products have also been created to enhance the difference snow versus snow free area, to 
better discriminate snow free areas from snow covered areas using both S3 and S2. In 
addition to the daily snow product, multi temporal 3-, 5- and 7-day products were 
developed to reduce the effect of cloud cover.  

An important part of project has been the develop an automatic processing chain for the 
satellite data from the data providers (Col-Hub, Sci-Hub) to end user in NVE. Description 
of this processing chain could be found in chapter 2.6.   

2.3.1 Challenges with cloud detection 
A major limitation for use of optical data from S2 and S3 for snow mapping is frequent 
cloud cover in Norway. Cloud-free imagery is preferable, but partly cloud-cover scenes 
may contain much useful information. Although the focus in was the snow products, an 
important task was to discriminate between cloud covered area and cloud free area, and to 
look at cloud shadows and its effect on the snow products. Two computer efficient 
algorithms were implemented: Simple cloud detection algorithm (SCDA) version 1 and 
version 2 were used on S3 SLSTR data. There were some problems with the S3 channel 
S5, S6 and S7 and uncertainty around how to handle this problem at ESA. The cloud 
mask is not a product, but it was integrated into the snow product. Cloud detection is 
more difficult for S2 data then S3 data, since S2 lacks bands for cloud detection (e.g. 
thermal band). It was investigated if cloud detection from S3 could be used on S2 images 
acquired close in time.  

2.3.2 Snow products and algorithms 
Several snow cover products from S3 have been developed to investigate the performance 
under different snow condition, for different landscape classes (e.g. boreal-leaved forest, 
coniferous forest, bare rock etc.), cloud condition and limited light condition during the 
arctic winter.  
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The binary snow cover product snow covered area (SCA) product used S3 SLSTR 
instrument data. The SCA product is based on an algorithm developed for Terra/Aqua 
MODIS instrument that has been customized for S3 data. The following two product has 
been integrated into the processing chain, SNOMAP and SNOMAP-Klein. Both 
algorithms use the normalized difference snow index (NDSI) and SNOMAP in addition 
to near-infrared (NIR) threshold, whereas SNOMAP-Klein in addition use thresholding in 
the NDSI-NDVI-space. The latter show better performance in forest area (Figure 2-3-1). 
But our validation so far indicates only small difference between the two products. 
However, both products have problems in capturing snow covered and snow free areas 
during the winter when the solar angel is low (late autumn, winter, and early spring). The 
product has a spatial resolution of 500 m. 

  

 

Figure 2-3-1 Binary snow cover based on S3 SLSTR from 8 May 2018 using SNOMAP (left) and 
SNOMAP-Klein (right) algorithms. The latter improved result for forest areas. 

The fractional snow cover (FSC) product use data from S3 SLSTR or Ocean and Land 
Colour Instrument (OLCI) instruments. Salomonsen-Appel (S-A) FSC algorithm has 
been adapted to use SLSTR instrument channels. S-A algorithm are based on linear 
regression model between NDSI and FSC obtained from Landsat Thematic Mapper 
(TM). The S-A product has a spatial resolution of 500 m. A second FSC product is based 
Norwegian Linear Reflectance to snow cover (NLR) algorithm (Figure 2-3-2). This is 
based on linear spectral unmixing model with only two end members (one for snow and 
one for snow free areas). The NLR algorithm use OLCI instrument channels, and the 
product have a spatial resolution of 250 m. A third FSC product is based on findings in 
the ESA/PRODEX project Sentinel4Snow (S4S). This algorithm combines the best from 
S-A and NLR by using local derived reference data at pixel level. The algorithm needs 
reference data such as statistics over several years at pixel level. Results of the S4S FSC 
algorithm will therefor probably improve with time. When the reference data are more 
complete several lighting effect should be removed such as terrain slope, solar angels, and 
landscape classes (Figure 2-3-3). S4S algorithm use SLSTR data and have a spatial 
resolution of 500 m. 
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Figure 2-3-2 Comparison of the FSC product from S3 OLCI from 8 May 2018 using the NLR algorithm 
(left) and the FSC product from S3 SLSTR from 8 May 2018 using the S-A algorithm (right).   

  

Figure 2-3-3 Comparison of the FSC product from S3 SLSTR from 11 April 2019 using the S-A (left) 
algorithm and S4S algorithm (right). S4S have improved performance in forest areas and in valleys 
compared to S-A.  

A SCA product from S2 has also been developed and it is based on the NDSI and 
SNOMAP, since there is small difference between SNOMAP and SNOMAP-Klein for 
the S3 data. As a first order approximation the threshold values used in the SNOMAP 
algorithm are: NDSI > 0.4 and B8>0.11 (B8 are near infrared reflectance). The snow 
product has a spatial resolution of 20 m.  

To validate S3 snow product, we developed an automatic tool for comparing FSC maps 
from S2 with S3 maps. It is assumed that the quality of the S2 maps is better than the S3 
maps. To compare S2 with S3 data, the S2 data has been aggregated to 250 and 500 m 
resolution. The number of snow covered S2 pixels in a given S3 pixel are used to 
calculate the FSC in the aggregated S2 product. This product is used for validation of S3 
FSC cover product. Results of the comparison are presented as differential maps and as 
quantitative statistics (not shown here). The comparison is carried out at three different 
resolution 250-500-1000 m, for overlapping areas only, and only if both S2 and S3 data 
are cloud free for a given pixel. The differential maps show the difference between S3 
minus S2 and a positive value indicates more snow in the S3 product compared to the S2 
product and vice versa. The statistics calculate are RMSD (root-mean-square deviation), 
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bias (systematic difference) and RMSD bias corrected RMSD (unbiased RMSD). 
However as mentioned before the are some weaknesses with cloud mask both for S3 and 
S2 which makes the automatic validation process somewhat challenging. Therefor a large 
sample of S2 satellite scenes have been manually inspected and flagged as cloud free and 
this has been used to investigate the performance of the different S3 SCA and FSC under 
different light conditions and different landscape classes. First results indicate that the 
S4S algorithm has the best performance.     

A multitemporal snow product has also been produced to reduce the effect of cloud cover 
(Figure 2-3-4). The multitemporal product show the latest (if any) cloud free pixel in a 
given time frame typically 3-, 5-, or 7-day period, otherwise the pixel will be cloud 
covered (Figure 2-3-4).  

 
Figure 2-3-4. Show the multitemporal snow FSC based on S-A algorithm. To the left shows the 7 days 
product and to right the daily product for 2 May 2018. 

In addition, the above-mentioned product also a preliminary for snow surface 
temperature (STS) and surface snow grain size (SGS) is under development. 

True colour and false colour products were produced daily. The visual product can be 
used to manually validate the snow cover products and gives an impression of the snow 
condition and cloud cover etc (Figure 2-3-5). The false colour product has been 
developed in order to better discriminate between e.g. snow cover areas and snow free 
areas. Work has also been carried out to point out possible channels combination that 
could be used to characterised snow cover state (e.g. wet snow, dry snow) and the work 
flow has been implemented into the processing chain using both SLSTR and OLCI 
channels. All data has been resampled to a resolution of 250 m or 500 m. A 
recommendation of optimal channel combination is given for several snow, cloud related 
parameters and this can be put into production.  

 



 

 21 

  

Figure 2-3-5. True colour (left) product from S3 OLCI and false colour (right) from SLSTR product 
enhance snow cover both from 26. April 2021. Lake ice 

2.4 Lake ice 
A pre-operational service has been established to derived lake ice cover, lake ice types, 
visual false colour imagery, and water surface temperature product daily from either S3 
or S2 Level 1 images. The service has been developed to improve our knowledge of ice 
condition in Norway for use in NVE’s Ice Warning Service and ice models. The satellite 
data gives a spatial overview of the overall situation of the ice and snow condition on 
lakes and river, that are not given by manual observations.   

The ice-project aimed at monitoring lake ice and water surfaces, deriving ice cover area 
(binary and fractional) and lake ice type (snow one ice, clear ice, and open water), as well 
as surface temperature and false colour mosaics. S3 product will be validated against S2 
data and field observations. Validation of products was also included, as was visualisation 
of data. 

Fractional lake ice cover (FLIC) has been developed using data S-3 OLCI instrument, 
and it based on ice detection algorithm developed for ENVISAT MERIS and AASTR 
instrument. This algorithm has been adapted to use OLCI instrument channels and the 
methods use linear spectral unmixing. In this development its assumed that the 
endmembers are either snow, ice, or open water. Since 15 OLCI channels are used the 
equation system has been solved using Fully Constrained Least Squares (FCLS) where all 
the weight should be positive and summed to 1. Due to change in solar elevation an 
atmosphere correction has been applied to reduce the atmospheric effect. The atmosphere 
correction uses the Simplified Methods for Atmospheric Correction (SMAC) with 
coefficient developed for the MERIS instrument. The final product the cloud and 
landmask are used to only show results from lakes (Figure 2-4-1). The FLIC product has 
been resampled to a spatial resolution of 250 m. During midwinter limit amount of data 
are available in Norway due to low solar angle.  
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Figure 2-4-1 Example of the FLIC product from S3 OLCI from 18 April 2021 

It has also been developed a binary product from the FLIC called Lake ice type (LIT) 
where the endmembers (open water, ice, and snow) that contribute the most will be given. 
The result will be a binary product with tree classes, ice, water, or snow, as for the other 
product land and cloud covered areas are masked out. The LIT product has been 
resampled to a spatial resolution of 250 m. During midwinter limited amount of data are 
available in Norway due to low solar angle.  

Lake skin surface temperature (LSST) product use S3-SLSTR data and the algorithm 
are based on Key et al. 1997. The algorithm using a split window technique using the 
SLSTR thermal band 11µm and 12µm. Coefficient developed for the MODIS sensor are 
used since this has not been developed for SLSTR yet. As the temperature estimates are 
sensitive to contributions from outside the lake, an extra edge zone of one pixel (1000 m) 
has been created around the lakes. LSST has a spatial resolution 1 km and only the large 
lakes in Norway are covered. The product needs more validation and is somewhat 
experimental. Thus, fieldwork has been carried out in order to measure lake surface 
temperature simultaneous with the satellite sensor passing.    

Lake ice cover (LIC) product from S2 has also been developed and it based on the 
Normalised Difference Water Index (NDWI) which are used to discriminate open water 
from snow ice covered pixel. The NWDI use the S-2 band MSI-3 and MSI-8. Some 
additional constraints have been added to better discriminate open water, and sand and 
clay. If (NDWI < NDWIthr) and MSI-2 > MSI-2thr then ice. Where the coefficient 
NDWIthr = 0.37 and MSI-2thr = 0.118. The S2- IC product has a spatial resolution of 20 m. 

False colour products are produced daily by the processing chain both for S3 and S2. 
The visual product can be used to manually validate the lake ice products and gives an 
impression of the ice, snow condition and cloud cover etc. The false colour product has 
been developed in order to better discriminate between e.g. ice covered by snow, ice 
covered areas without snow and open water (Figure 2-4-2). Work has also been carried 
out to point out possible channels combination that could be used to characterised snow 
cover and lake ice state (e.g. wet snow, dry snow) and the work flow has been 
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implemented into the processing chain using both SLSTR and OLCI channels. The S2 
data has a spatial resolution of 20m, whereas all data S3 has been resampled to a 
resolution of 250 m.  A recommendation of optimal channel combination is given for 
several ice, snow, and cloud related parameters and this can be put into production.  

 
Figure 2-4-2 Example of false colour product from S2 from 20 April 2021 that has been developed to 
enhance difference between open, ice or snow covered areas. The product could also be used to cloud 
cover detection and wet snow.  

For the validate S3 ice product it has been developed automatic tool for comparing FIC 
maps from S2 with S3 maps. It is assumed that the quality of the S2 maps is better than 
the S3 maps. To compare S2 with S3 data, the S2 data has been aggregated to 250 m 
resolution. The number of snow lake ice S2 pixel in a given S3 pixel are used to calculate 
the FLIC in the aggregated S2 product. This product is the used for validation of S3 FLIC 
cover product. Results of the comparison are both shown as a differential maps and as 
quantitative statistics. The comparison is carried out at resolution 250m, for overlapping 
areas only, and only if both S2 and S3 data are cloud free for a given pixel. The 
differential maps show the difference between S3 minus S2 and a positive value indicates 
more snow in the S3 product compared to the S2 product and vice versa. The statistics 
calculate are RMSD (root-mean-square deviation), bias (systematic difference) and 
RMSD bias corrected RMSD (unbiased RMSD). However as mentioned above the are 
some weaknesses with cloud mask S2 which makes the automatic validation process 
somewhat challenging. In addition to the S2 to S3 validation also the S3 and S2 product 
has been compared to in situ observation from some selected lakes and for different 
season.  

Multitemporal ice product has also been produced to reduce the effect of cloud cover. The 
multitemporal product show the latest (if any) cloud free pixel in a given time frame 
typically 3-, 5-, or 7-day period, otherwise the pixel will be cloud covered.  
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2.5 Glaciers 
The project results are summarized in a final report (Andreassen et al., 2021). In the 
project, Sentinel-2 data were used to derive periodic glacier products and for visual 
inspection of the state of glaciers and glacier lake outburst flood sites (GLOFs). Products 
derived were updated glacier outlines for mainland Norway (example in Figure 2-5-1) 
and Svalbard, annual position of the marine calving fronts on Svalbard, glacier lake 
outlines and glacier velocities and position of transient snowlines. Moreover, Sentinel-2 
data were used detect glacier crevasses and surges.  

The major limitation for more usage of the Sentinel-2 data is cloud cover. Both in 
mainland Norway and Svalbard frequent clouds reduce the useful imagery available. 
Although cloud-free imagery is preferable, partly cloud-cover scenes may contain much 
useful information. Although the focus in this project was the use of Sentinel-2 optical 
data, preliminary results using Sentinel-1 suggest that Sentinel-1 radar data can be a 
supplement or alternative to Sentinel-2 data. Sentinel-1 data proved very valuable for 
mapping ice velocities (only Svalbard), tracking transient snowlines, and detecting 
melting conditions on glaciers. Moreover, Sentinel-1 data could be used to assist glacier 
mapping with Sentinel-2 data. Sentinel-1 data has potential for further use in mapping 
crevasse fields and for detecting surging glaciers. The major advantage of Sentinel-1 data 
over Sentinel-2 data are the consistent time series generated due to the all-weather and 
day-and-night capability of radar sensors. 

The geometric performance of Sentinel-2 was not sufficient for precise glacier 
applications such as velocity mapping when the previous terrain model PlanetDEM90 
was used to orthorectify the imagery (used between 2015-2020). Fortunately, for many of 
the glacier products we received Sentinel-2 imagery orthorectified with a Norwegian 
terrain model processed by ESA. Copernicus/ESA have acknowledged the problem with 
PlanetDEM90 and have taken this into account by performing additional processing with 
Norwegian DEMs and by implementing a new global DEM of higher quality in future 
processing. 

The project website provides overview of project publications. Several datasets are 
available for download or with links to where to download: 

https://www.nve.no/hydrologi/bre/copernicus-bretjeneste (Norwegian) 

https://www.nve.no/hydrology/glaciers/copernicus-glacier-service (English) 

https://www.nve.no/hydrologi/bre/copernicus-bretjeneste
https://www.nve.no/hydrology/glaciers/copernicus-glacier-service
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Figure 2-5-1. Sentinel-2 scene (false 8-4-3) of part of Jostedalsbreen 27 August 2019 that were used to 
update the glacier mask for mainland Norway. New outlines are shown in yellow, previous outlines from 
Landsat 2006 shown in blue. Copernicus Sentinel data 2019. 

 

2.6 Infrastructure for satellite- and spatial data 
NVE has developed an infrastructure for maintaining flow of raster data which satellite 
data is part of (Figure 2-6-1). The infrastructure can be used by all sorts of raster data as 
for example imagery from drones. 

 
Figure 2-6-1. NVEs infrastructure for handling and processing of satellite data and derived products. 
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The layered infrastructure consists of: 

1. Server environment consisting of machines (both physical and virtual). 

2. Storage systems consisting of fast hard drives connected to the physical 
machines (Solid State Drive, SSD) and network area disk. The disk consists of 
both fast storage as SSD and slower spinning disks. We are also using databases.  

3. Maintenance operations using primarily PRTG Network Monitoring to monitor 
the running and flow of data, the machines and the state of the storages including 
capacity and health. 

The processing components include: 

1. Download – input data to the processing environments. Today we normally use 
ColHub and SciHub 

2. Processing environments – different projects have developed their own 
processing environments with their own complexity. NVE has not standardized 
this due to the multitude of complexity the different processing chains have. 

3. Satellite products – all processing chains are producing products. This is a 
common treat. This could be raster or vector data with different metadata 
associated. These products are published to the ArcGIS-platform and are made 
available as a service endpoint. 

4. ArcGIS-platform – this platform has capabilities to handle vector and raster 
data. It provides tools and standardized methods to process and access the data. 

5. Services – this is part of the ArcGIS-platform and is used for disseminating the 
products in a standardized way. There are many standards in the platform to 
choose from when publishing a service (WMS, WFS, image service, 
geoprocessing service, KML service …) 

6. Consuming clients – these internal and external clients are developed to 
consume and visualize the services provided by the ArcGIS-platform. E.g., NVE 
has extended xgeo.no to utilise the satellite products disseminated by the services 
available from the platform to serve the forecast needs of NVE. 

Our infrastructure is scalable and generic. Today we are running the snow and lake ice 
processing chain in a combination of Python and .NET. The processing chain is 
processing products which are published on the ArcGIS-platform. The data will then be 
available as image services and the result will be available in the client software (example 
xgeo.no) using the image services. The flood and avalanche service is running purely in a 
Python environment, but it is publishing the end products in the same way as the other 
processing environments. Today we can also add a new processing environment for 
example using drone data and use the publish and service platform developed in the 
infrastructure. 

NVE is continually developing and changing the infrastructure. We are considering 
moving part of the infrastructure to the cloud. The first step is ongoing at the time of 
writing this report, moving the service-part of the ArcGIS-platform to the cloud. 
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2.7 Dissemination and use of data 
2.7.1 Xgeo 
Xgeo.no is an expert tool used for preparedness, monitoring, and forecasting of floods, 
landslides and avalanches with maps and time-base data from weather and hydrological 
stations and models together with events and field observations. A module has been 
developed to visualise S1-, S2- and S3-imagery together with all the other data in Xgeo. 
We developed a module for utilising the temporal information to compare different 
images taken at different times, which is useful for change detection and analysis. It is 
also possible to compare satellite products with modelled data for snow, water and 
weather, using the same module. 

During Phase One, we have developed satellite- and glacier-specific profiles for Xgeo to 
provide easy access to relevant satellite products. Figure 2-7-1 provides an example, 
showing two representations of the snow cover in Norway on 3 April 2021. Xgeo is also 
actively used to monitor glacier lake filling and draining and check the position of the 
snowline to plan fieldwork. 

 
Figure 2-7-1: Snow cover observed by Sentinel-2 (left) and snow depth modelled by the SeNorge snow 
model (right) on 3 April 2021, as presented on Xgeo.no. A slider function makes it possible to compare 
data from different sensors, models, or dates. 

2.7.2 NVE atlas and thematic maps 
NVE offers various thematic maps at https://kartkatalog.nve.no/#kart, the maps interfaces 
are currently only available in Norwegian.  

One of the thematic maps is NVE’s digital glacier inventory (NVEs Breatlas) displaying 
glacier extents together with several other glacier data. NVE’s GIS data model was 

https://kartkatalog.nve.no/#kart
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updated as part of Copernicus Phase One to allow for new data types and timeseries of 
glacier products (https://temakart.nve.no/tema/breatlas). 

Sentinel-2 and Sentinel-3 satellite images are available in temakart.nve.no, also for 3D 
visualization. The snow-covered area product from Sentinel-2 is also included here 
(Figure 2-7-2, see section 2.3.2).  

 

 
Figure 2-7-2: Satellite data are included in temakart.nve.no. Sentinel-2 false colour composite satellite 
image from 10 May 2021 over Svolvær in Lofoten and snow-covered area calculated from the same 
satellite image. White regions in the mountains indicates snow covered area. The products are draped 
on a terrain model for 3D visualization.    

https://temakart.nve.no/tema/breatlas
https://temakart.nve.no/
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2.7.3 Iskart 
Iskart.no is a public online map for sharing and visualisation of lake and river ice 
observation for mainland Norway. A module has been developed to visualise Sentinel-2 
imagery together with all the observation in iskart.no.  

  
Figure 2-7-3: Snow cover and snow-covered lake ice observed by Sentinel-2 false colour image from 25 
April.2008 (left) and ice observation from the 28 April. 2021 (right) as presented on iskart.no. A slider 
function makes it possible use to decrease or increase the satellite transparency. 

2.7.4 SatSkred 
As mentioned previously, detected avalanches and related statistics are shown on an 
interactive web platform: satskred.nve.no. 

  

https://nveazure.sharepoint.com/sites/FAG-Fastgruppeforfjernanalyse-Produksjonslinjeforsatellittdata/Delte%20dokumenter/Produksjonslinje%20for%20satellittdata/satskred.nve.no
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2.8 Value and costs of products 
During Phase One, several products were developed in the projects previously described 
in this chapter. Table 2-8-1 gives an overview of all data products developed together 
with a preliminary assessment of expected value and use.  
Table 2-8-1. Services, products, expected use and short-term potential for operational use. Potential 
value is categorised in three: High potential for operational service/product. Medium potential indicates 
some improvements and additional data are needed. Low potential means that other products can be 
used, or the use is expected to be limited. R&D = Research and development.  

Service Product Use Potential value Comment 

Flood Flood-
extent from 
S1 

Mapping. 

Land use 
planning. 

Model 
calibration/valid
ation 

Medium. 

Most useful for 
larger rivers with 
large, flooded areas 
when other data is 
sparse. 

Maps for crisis 
management and 
evaluation of flood 
warning services 

Pre-operational since 
2016, but limited use 
so far due to few cases 
with relevant data. 

Automatically 
triggered by flood 
warning services. 

 

Avalanche Avalanches 
from S1 

Mapping. 

Warning. 

R&D (models, 
climate). 

High. 

Useful for warning 
services and 
mapping. 

Most useful for wet 
avalanches (~70% 
detection), less so 
for dry (~20% 
detection). 

Forest, glaciers, 
changing snow 
conditions and 
layovers are 
challenging. 

Pre-operational use 
during 2020-21 season. 

Daily updates for A-
regions, manually 
triggered outside A-
regions. 

 

Snow * Snow 
cover (%) 
from S3 

Warning 
service. 

R&D (models, 
climate). 

High. 

Useful for snow 
model development 
and warning 
services.  

Pre-operational use 
during 2020-21 season. 
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Restricted use due 
to data gaps caused 
by clouds and low 
sun (during winter). 

Forested areas are 
challenging. 

 

 Snow 
cover 
(binary) 
from S2  

R&D (satellite) Medium. 

Useful for validation 
of S3 products. 

Forested areas are 
challenging. 

Pre-operational use 
during 2019-21 
seasons.

 

 Snow 
cover 
(binary) 
from S3 

R&D (satellite) 

Mapping 

Low. 

Limited use, as S3 
FSC is preferred. 

Forested areas are 
challenging. 

 

Lake ice * Ice cover 
(%) from 
S3 

Warning 
service. 

R&D (models, 
climate). 

High. 

Useful for warning 
service and 
modelling. 

Climate series (ice 
on/off), 

Restricted use due 
to data gaps caused 
by clouds and low 
sun (during winter). 

Pre-operational use 
during 2020-21 season. 

 

 Ice cover 
(binary) 
from S2 

Warning service 

R&D (satellite) 

Mapping 

Medium. 

Useful for validation 
of S3 products. 

 

Glacier  Glacier 
outlines 
from S2 

 

Monitoring/ 
Mapping. 

Modelling.  

High. 

Useful for 
quantifying changes. 

Updated every 5-10 yr. 
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Useful for 
modelling. 

Needs manual 
corrections. 

 Glacier 
calving 
fronts from 
S2 

 

Monitoring/ 
Mapping. 

Modelling.  

Medium. 

Useful for 
quantifying ice flux. 

Useful for 
modelling. 

Needs manual 
corrections. 

Updated annually 
(Svalbard. Product 
from the Norwegian 
Polar Institute). 

 Glacier 
lake 
outlines 
from S2 

Warning 
service. 

Monitoring/ 
Mapping. 

High. 

Detecting and 
monitoring of 
glacier lake outburst 
floods. 

Needs manual 
corrections. 

Updated on demand. 

 Ice 
velocity 
from S2 
and S1 

Modelling. 

Ice dynamics. 

Low. Updated on demand. 
S1 works well for 
Svalbard. 

 Crevasses 
and surge 
from S2 

Fieldwork and 
tourism.  

Mapping 

Low (crevasses). 

Medium (surges). 

Useful for visual 
inspection of 
crevassed area. 

Surges on Svalbard can 
be detected combing 
crevasses and velocity.  

 Snow lines 
from S2 

R&D 
(modelling, 
mass balance) 

Mapping 

Medium. 

Needs manual 
corrections. 

Clouds and fresh 
snow are 
challenging. 

 

Common 
products 

Turquoise-
blue-green 
false 
colour 

All warning 
services (Visual 
interpretation of 
imagery) 

High. 

Useful for visual 
mapping of snow 
(turquoise) against 

Pre-operational use 
during 2020-21 season. 
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composite 
from S3 

 

ice (blue), ground 
(green) and clouds 
(white) at 500m. 

Restricted use due 
to data gaps caused 
by clouds and low 
sun (during winter) 

  

 Turquoise-
blue-green 
false 
colour 
composite 
from S2 

 

All warning 
services (Visual 
interpretation of 
imagery) 

High. 

Useful for visual 
mapping of snow 
(turquoise) against 
ice (blue), ground 
(green), lakes 
(black) and clouds 
(white) at 10m. 

Restricted use due 
to data gaps caused 
by clouds, low sun 
(during winter) and 
few acquisitions. 

Pre-operational use 
during 2020-21 season. 

Used in 2020-season 
for inspection of 
GLOF-sites and 
planning glacier 
fieldwork (snow lines 
and stake drilling) 

 

 True 
colour 
composite 
OLCI S3  

All warning 
services (Visual 
interpretation of 
imagery) 

High. 

Useful for all 
services. 

 

 True 
colour 
composite 
S2 

All warning 
services (Visual 
interpretation of 
imagery) 

High. 

Useful for all 
services. 

 

 White-
blue-pink 
false 
colour 
composite 
from S3 

 

All warning 
services (Visual 
interpretation of 
imagery) 

High. Useful for 
visual mapping of 
ice (blue) against 
snow and clouds 
(white/pink) and 
ground (rede) at 
250m. 

Restricted use due 
to data gaps caused 
by clouds, low sun 

Pre-operational use 
during 2020-21 season. 
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(during winter) and 
few acquisitions. 

 

 White-
blue-pink 
false 
colour 
composite 
from S2 

 

All warning 
services (Visual 
interpretation of 
imagery) 

High.  

Useful for visual 
mapping of ice 
(blue) against snow 
and clouds 
(white/pink) and 
ground (red) at 10m. 

Restricted use due 
to data gaps caused 
by clouds, low sun 
(during winter) and 
few acquisitions. 

Pre-operational use 
during 2020-21 season. 

 

 

(*) Cloud mask is an integrated product in the snow and ice products.  
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3 Outlook 
NVE’s efforts in Phase One of Copernicus were mainly exploratory, with development of 
selected pre-operational services and products. In Phase Two, we recommend validating, 
improving, and operationalising the best services and products from Phase One. NVE has 
significant domain knowledge within the fields that we use Copernicus data, mostly 
related to natural hazards and hydrology/glaciology. The pre-operational products and 
services developed are made possible due to the expertise available at NVE and it is not 
straightforward to copy methods and products from others. However, in table 3-4-1 we 
suggest products we think NBS could process and deliver. It is reasonable that for the 
domains NVE is responsible, we should create national Copernicus services and products 
where appropriate. Derived services and products can be important for both external and 
internal stakeholders. Today, we know that Norwegian Environment Agency, NIBIO, 
Norwegian Polar Institute, Norwegian Public Roads Administration, Norwegian 
Meteorological Institute, among others are interested in our products, in addition to 
universities, research institutes and the public. It should be highlighted that chapter 3 is 
reflecting the status as per medio 2021, and new insight may arise during Phase Two.  

Furthermore, Phase Two should aim at making the data processing leaner and explore 
ways to grow higher value to existing products using other types of data by machine 
learning, data assimilation, time-series analysis, visualization, and data sharing and 
availability. High geometric quality of satellite imagery is important for correct 
geolocation of derived satellite products. This will be improved in Phase Two because of 
the new Copernicus DEM with better accuracy.  

Other domains within NVE that are not mentioned in this report can benefit from the 
Copernicus data, e.g. wind power, supervision and emergency preparedness etc. NVE 
needs to address the potential for use of Copernicus data within these fields. In Phase 
Two, NVE need to map other National Copernicus Services run by other organizations 
that are developing and delivering useful products.   
 
Finally, we should prepare for using data from new instruments and satellites due for 
launch throughout the next couple of decades. This work includes drawing an internal 
roadmap for NVE to prepare for the expanding fleet of existing Sentinels and the 
upcoming Sentinel Expansions.  

In Phase Two we suggest that the exploration of the satellite products and services are 
included in research and development projects. We will get experience and see the value 
of the Copernicus data by including it in real analysis and experiments combined with 
other in situ and modelling data. This work is also necessary for preparing for future 
satellite data.  

Launch of C-satellites for Sentinel-1, -2 and -3 are expected in Phase Two and might 
contribute to higher temporal resolution and more data to products and services (see 
section 3.2 and 3.3). These are the preliminary launch dates: Sentinel-1C is expected to be 
launched in 2023. Sentinel-2 in 2024 and Sentinel-3C is expected to be launched later in 
2023. In addition, the D-satellites of Sentinel-1, -2, and -3 are built simultaneously with 
the C-satellites and stored.  The constellation of the future Sentinel-satellites is still 
uncertain, but NRS ensure there will be some overlap between the A and B satellites and 
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the C and D satellites. The Copernicus/ESA has not decided on when the C- and D-
satellites will be operative, even if they are launched and in orbit around the Earth.  

A brief outlook of the potential of Sentinel Expansions to be incorporated in the National 
NVE Copernicus products and services in the future is given in chapter 3.5. 

3.1 National NVE Copernicus services and products 
We recommend developing relevant products with high potential and value into national 
Copernicus services/products operated by NVE or the NBS (Table 3-1-1). Most of these 
products were developed during Phase One, but there is a need for validation, further 
development, testing of geometric quality and optimization for processing, storage, and 
distribution efficiency. 
Table 3-1-1. Recommended national Copernicus services and products (defined with high potential in 
table 2-8-1). 

Service Product 

NVE Avalanche Avalanches from S1 

NVE Snow Snow cover (%) from S3 

NVE Ice Lake ice cover (%) from S3 

NVE Glacier  Glacier outlines from S2 

 Glacier-dammed lakes outlines from S2 

Common (NVE or NBS) Turquoise-blue-green composite from S3 and S2 

 True colour composite from S2 and S3 

 White-blue-pink composite from S2 and S3 

3.2 Recommended product improvements 
We should explore if a high potential value could be reached by improving products and 
testing to use more data from existing Sentinel missions (Table 3-2-1). 
Table 3-2-1. Recommended improvements to products. 

Service Product Improvement 

Flood Flooded area Reduce data acquisition time. 

Phase in data from S1C-satellite. 

Avalanche Avalanches Reduce data acquisition time. 

Reduce false alarms and improve 
detection of dry slab avalanches using 
machine learning/deep learning. 
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Increase temporal resolution by 
including S1C-data. 

Include vegetation and wet snow maps 
based on S1 and S2 data to reduce false 
alarms. 

Snow Snow cover (%) Multi-sensor products from S1, S2 and 
S3. 

Phase in data from S2C and S3C. 

Improve product in forested areas, if 
possible.  

Lake ice Ice cover (%) Multi-sensor use of S1, S2 and S3. 

Glacier Snowlines 

Outline and lake 
mapping 

Use S1 in combination with S2. 

Optimised mapping and monitoring 
methods combining S1 and S2. 

Identify glacier-dammed lakes. 

Phase in data from S1C and S2C. 

Common  See chapter 3.4 and table 3-4-1. 

 

3.3 Recommended service improvements 
The data from the products are available on Xgeo.no, Iskart.no, satskred.nve.no, 
api.nve.no, NVEs map services, as download from websites and from NVEs 
ImageServer. 

To improve the processing system, we recommend improving the components and using 
digital object identifier (DOI) for version control and storage of the Sentinel-derived 
datasets as listed in Table 3-3-1.  
Table 3-3-1. Recommended improvement to services. 

Component Use Improvement 

Computing Storage, computing, 
data extraction, api’s, 
data visualization 

Improve storage, processing, and 
automatization (onsite vs. cloud). 

 

Analysis Error analysis and 
validation 

Use cloud-free S2 for validation of S1 and 
S3 products. 

Enhance geometric performance on S2 
orthorectified with Copernicus DEM. 
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 Machine learning and 
automatization 

Improve products and use data in models 
and forecasting 

Version control and 
documentation 

DOI and data storage Use a permanent, unique identifier and 
thus version control of datasets 

 

3.4 Recommendations for NBS 
We recommend that the NBS develops and makes available products of general use to 
several Norwegian stakeholders (Table 3-2-1, based on feedback from NVE to NRS in 
spring 2020). If not, NVE should consider making some of these available.  
Table 3-4-1. Services, products, use, status, and recommended improvement. 

Product Use Status Improvement 

Geocoded S1 
data 

Processing of 
existing flood 
and avalanche 
products. 

New products 
related to snow, 
lake ice and 
glaciers. 

Systems from 
NORCE and NR 
are run in parallel 
at NVE. A third 
system is run by 
InSAR, and a 
fourth system is 
being developed at 
NBS. 

One high-quality system 
with short lead-time from 
acquisition to delivery 
operated by NBS would 
serve several users, reduce 
costs, and improve 
reliability. 

S1 near real 
time data 
(NRT) 

Time-critical 
operations, as 
above. 

Current lead-time 
is 1.5-5 hours for 
S1 raw data (based 
on time of 
acquisition 
compared with 
time of download). 

Ideally a geocoded near-real 
time image. 

S2 data 
orthorectified 
with 
Copernicus 
DEM 

Products related 
to all services. 

S2 data are now 
partly downloaded 
from colhub.met.no 
and Copernicus 
Open Access Hub 
(scihub). 

Better geometric quality of 
S2-data especially in 
mountain regions. 

S2 colours 

S2 mosaic 

S3 colours 

S3 mosaic 

Numerous uses 
for colour 
composites of 
swath widths of 
S2 and S3 for 
visual 
interpretation. 

NVE are running 
their own WMS-
service distributed 
in Xgeo, also over 
Svalbard in 
cooperation with 
NPI (for S2). 

WMS-services of the swath 
widths of S2 and S3 is 
requested by many national 
users and have potential to 
be widely used as a common 
product provided by NBS 
(Note: S1 geocoded product 
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 is also interesting to include 
in this WMS-service). 

WMS-service must be made 
according to user needs.    

Cloud mask 
from S3* and 
S2. 

Mask for other 
products 

S2 cloud mask is 
challenging to use 
to separate snow 
and clouds due to 
missing thermal 
band 

Better accuracy for S2 and 
S3 

NDVI 
(Vegetation) 

NDSI (Snow) 

NDWI 
(Water) 

NDMI 
(Moisture) 

Time series of 
analyse ready 
indices provided 
by common 
processing in 
NBS.   

Visualization 
and production 
line 

Now calculated by 
single analysts 
when needed.  

Include products in analysis. 

Sentinel-1 
coherence 
product 

Change analysis 
(e.g. draught, 
ice jams and run 
ice, changes 
after natural 
hazard events) 

Visual 
interpretation 

Not used now but 
see potential for 
use. Need to test 
examples and map 
the user needs. 

Potential for use in visual 
interpretation as a product 
for mapping change of e.g. 
natural hazards, snow 
conditions, draught etc.  

Analysis ready data might 
be interesting to include in 
change algorithms. 

*) Met.no (NN) leads a PRODEX-project to develop better cloud mask for S3 
 

3.5 New and enriched products and services 
NVE should prepare for more satellites and missions in the future, including 
experimenting and testing new services and products, as well as validating the quality of 
data from new sensors and satellites.  

3.5.1 Potential for new products with existing Sentinels 

We need to identify data that can be used in time series analysis and develop methods to 
flag the data quality and derive timeseries for climate and model development studies and 
research. We recommend developing new or enriched products and services listed in 
Table 3-5-1. 
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Table 3-5-1. Recommended new services and products. 

Service Product Use 

Snow Wet snow 
from S1 

Warning service, Modelling, time series analysis 

 Surface 
hoar* 

Warning service, Modelling, Snow avalanche studies 

 Albedo Warning service, Modelling  

 Black 
carbon 

Warning service, Modelling 

 Regional 
statistics 

Regional statistics. 

Calculated snow percent for selected polygons, satellite scenes and 
elevation interval for comparison and validation of modelled data. 

Lake ice Ice from 
S1 

Lake ice Warning service, monitoring. 

Time-series analysis (Machine learning). 

 Multi-
sensor 

Modelling input, change detection 

 Ice on/off 
dates 

Time series analysis 

 Ice jam 
and ice run 

Warning service 

Glacier Snow and 
firn from 
S1 

Modelling, estimating mass balance 

 Glacier 
lakes from 
S1 

Monitoring, flood Warning service 

 Glacier 
albedo 

Modelling (Combine efforts with snow albedo) 

 Outlines 
from S1-
S2  

Modelling, change detection, glacier mask. 

Automatic (Machine learning) for outline processing. Multi-sensor. 

*) NR (Rune Solberg) leads a PRODEX-project to develop surface hoar  
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3.5.2 Preparation for Expansion Sentinels in the future 

The Expansion Sentinels is a family of six high-priority satellite missions launched from 
2025 and onwards. At the time of writing, it is still uncertain if all six candidates will be 
financed and launched by Copernicus/ESA. A final decision will be made during the 
autumn 2021.   

List of Expansion Sentinels with significant importance for potential services and 
products at NVE: 

- Radar Observing System for Europe – L-band (ROSE-L): L-band SAR. 

- Copernicus Land Surface Temperature Monitoring (LSTM): Thermal sensor. 

- Copernicus Hyperspectral Imaging Mission for the Environment (CHIME): 
Optical hyperspectral sensor. 

- Copernicus Imaging Microwave Radiometer (CIMR): Passive microwave 
sensor. 

The missions with less importance for NVE are Copernicus Anthropogenic CO2 
Monitoring (CO2M) and Copernicus PolaR Ice and Snow Topography Altimeter 
(CRISTAL) which is comparable to the Cryosat-missions. 

We recommend exploring the opportunities to develop new services and products for new 
users and preparing for the Expansion Sentinels. Datasets from other satellite sensors with 
similar characteristics as the Expansion Sentinels, often commercial, will be available in 
the preparation phase. NVE must pay attention to this work and evaluate if one should do 
internal analysis to prepare for products and services, and/or cooperate with other 
universities and institutes.  
Table 3-5-2. Recommended new services and products. 

Service Product Use Comments 

Avalanches Snow 
avalanches 

Mapping. 

Warning service. 

Rose-L (L-band SAR) 

Snow Snow 
parameters 
(grain size, 
albedo, black 
carbon, wet 
snow, SWE, 
snow depth etc.) 

Mapping. 

Warning service. 

Rose-L (L-band SAR) and 
CIMR (passive microwave) 

CHIME (hyperspectral)  

LSTM (thermal) 

Glaciers Glacier surface 
types 

Mapping. Modelling. Rose-L (L-band SAR) and  

Lake ice Ice and water 
temperature 

Mapping. Warning 
service. Modelling. 

LSTM (thermal) 



 

 42 

 Lake ice extent Mapping. Warning 
service. 

Rose-L (L-band SAR)  

Landslide Slushflows Mapping. Warning 
service. 

Rose-L (L-band SAR)  

CHIME (hyperspectral)  

LSTM (thermal) 

 Landslides Mapping. Warning 
service. 

Rose-L (L-band SAR)  

CHIME (Hyperspectral)  

LSTM (thermal) 

Soil Moisture* Warning service 
(landslide, drought, 
flood, forest fires). 
Hydropower 
production planning. 
Ground water 
monitoring. R&D 
(modelling). 

Rose-L (L-band SAR) and 
CIMR (passive microwave) 

Drought Drought 
mapping 

As above Rose-L (L-band SAR) and 
CIMR (passive microwave) 

Energy Landcover 
changes 

Licencing and 
compliance (new 
roads, wind power, 
hydropower, 
transmission lines) 

MD has explorer potential 
for automatic detection of 
new roads from S-data 

Floods Surface water Mapping 

Warning service. 

Rose-L (L-band SAR) 

*) MET (Jostein Blyverket) leads a PRODEX-project to develop soil moisture products 
using Sentinel-1 together with NILU and NORCE. 
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4 Conclusion 
NVE has developed significant knowledge of how to utilize remote sensing, and since 
2014 Copernicus has given useful and important products and services for the Norwegian 
society. This report gives an overview of products and services developed by NVE and 
partners in the Copernicus Phase One. We discuss and recommend products and services 
suitable to develop further in Phase Two of Copernicus, in addition to looking forward 
into the future and possibilities for use of the Expansion Sentinels.  
 
We have addressed the opportunities and importance of the products and services for: 

- monitoring and mapping glaciers, snow, avalanches, lake ice and floods. 
- all the national warning services, especially for validating the forecasts,  
- the importance of visual interpretation of Copernicus data in the tools used for 

emergency and warning services at NVE,  
- complement, assist, and sometimes replace field work,  
- time-series analysis with Copernicus data 8 years back, 
- research and development work e.g. to combine with in situ data to improve 

analysis and validation results and to improve the accuracy in modelling work.    
 
Copernicus data, products and services will be important for monitoring changes and 
making decisions related to glaciers, hydrology and avalanches in the future. 
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