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Outline

• Geographical advantage

• Infrastructure

• Space weather studies

• User needs

• Operational space weather
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Geographical advantage

• Northern Norway – auroral zone

• Svalbard Archipelago – cusp region / dayside aurora
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Geographical advantage

Kristian Birkeland (13.12.1867-15.06.1917)

- Pioneer in space physics and space weather
research.

- Auroral expeditions / aurora in the lab.

- Birkeland/field aligned currents.

- Also solved the problem of fertilizers in 
agriculture - nitrogen fixing.
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Source: The Norwegian Aurora Polaris Expedition 1902-1903



Geographical advantage

Kristian Birkeland (13.12.1867-15.06.1917)

5



Infrastructure

6

cr
ed

it
s:

 E
IS

C
A

T

EISCAT: ESR– 500 MHz / Svalbard 32m steerable antenna
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EISCAT Scientific Association

International ISR Workshop, Kangerlussuaq, Greenland 18-23 July, 2011

42m field-aligned antenna



Infrastructure
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32m steerable antenna
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EISCAT3D – Skibotn: Northern Norway + Sweden + Finland

The first stage consist of three sites with around 20 000 crossed dipole 
antenna elements arranged in 228 hexagons in a honeycomb-structure. 

EISCAT 3D Skibotn, Norway: 
119 antenna units, 109 in 
the main site and 10 
outriggers for calibrations. 9 
919 + 910 dipole antenna 
elements.
EISCAT 3D Kaiseniemi, 
Sweden: 55 antenna units 
with 5 005 dipole antenna 
elements. 
EISCAT 3D Karesuvanto, 
Finland: 54 antenna units 
with 4 914 dipole antenna 
elements.

https://eiscat.se/wp-content/uploads/2023/03/full-site-2.jpg


8Baddeley et al. Prog. Earth Planet. Sci, 2023  

EISCAT: what can we use it for?  32m steerable antenna
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Infrastructure
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32m steerable antenna

9

SuperDARN - Svalbard

Infrastructure
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32m steerable antenna
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All sky camera
GNSS / GISTM
Magnetometer

GNSS / GISTM
Magnetometer

All sky imagers
GNSS / GISTM
Radars
and many more...

All sky imager
GNSS / GISTM
Rockets
Ionosonde
Magnetometer

+ mainland
Radars
Sounding rockets
Optical instruments
GNSS/GISTM
Magnetometers
Digisonde

+ Antarctica
GNSS/GISTM
Digisonde
All sky imagers
(Troll Ionospheric
Observatory)

Infrastructure

photo: KHO



Examples of studies: irregularities and scintillations
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Enengl et al., SWSC 2023
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Jin et al, SWSC, 2014

• Edges of polar cap patches
are associated with higher
values of sigma_phi
scintillation indices.

• When a PCP enters
auroral oval the
structuring is largest. 

All-sky-imager and GISTM data from Svalbard / NYA – Jan 13, 2013

Examples of studies: irregularities and scintillations
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ICI-2 05. Dec 2008, 1037 UTC / cusp

Spicher et al. JGR 120, 10959, 2015

Examples of studies: irregularities and scintillations
UiO: multi Needle Langmuir Probes



Space weather community

• University Center in Svalbard (UNIS); Kjell Henriksen 
Observatory (KHO)

• University of Bergen (UiB)

• UiT The Arctic University of Norway (UiT)

• University of Oslo (UiO, ionosphere, space, and solar); Troll 
Ionospheric Observatory

• Norwegian University of Science and Technology, NTNU

• Tromsø Geophysical Observatory (TGO)

• Norwegian Centre for Space Weather (NOSWE)

• Norwegian Mapping Authority (NMA, Kartverket)

• Meteorological Institute (MET)

• Norwegian Space Agency

• Andøya Space

• Industry 

• Governmental Agencies

• ... 14

Bifrost 3D simulation, RoCS, UiO

Aurora australis, Troll, UiO



Space weather research and operations in Norway

1) Oil and gas companies : navigation, positioning, exploration

2) Aviation : HF communication and GNSS

3) Maritime sector: HF communication and GNSS

4) Power grid operators: preparedness and GNSS timing 

5) Satellite operations

6) Constructions and field operations: GNSS and communication

7) Tourism industry – Aurora
15

Source: NRS
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Figur 8: Brukere i Norge som vil ha stor nytte av en romværtjeneste. Kilde: Norsk Romsenter, 201265   

 
Dagens brukere av romværtjenester, omfatter imidlertid ikke alle norske aktører som Norsk 
Romsenter mener bør ha kjennskap til romværutfordringen.  
 
Aktuelle nye offentlige og private brukere av romværtjenester i Norge er;  
1. Kystvakta 
2. Kystverket 
3. Hovedredningssentralen 
4. Røde Kors 
5. Teleoperatører 
6. Helikopteroperatører 
7. Cruisenæringen i Arktiske strøk 
8. Småflyoperatører 
9. Operatører av autonome kjøretøy, skip og droner 
10. Brukere av HF radio-kommunikasjon og satellittkommunikasjon 
11. Privat bruk av GNSS for turgåere/fritidsbåter 
 
  

Det offentlige som eier av rominfrastruktur 
I tillegg til ansvaret norske myndigheter har for å sikre grunnleggende samfunnsfunksjoner som kan 
påvirkes av romvær, trenger også norske myndigheter romværvarsling for å kunne opprettholde 
beredskap mot romværtrusler mot egen rominfrastruktur.  
 
Siden 2005 har Norge hatt ressurser for å studere muligheter som mikro- og småsatellitter kan gi for 
ulike offentlige formål74. I 2010 skjøt Norge opp sin første nasjonale mikrosatellitt, AISSat-1. AISSat-1 
holder øye med skipstrafikken fra rommet. I  2014 fikk AISSat-1 følge av Norges andre mikrosatellitt - 
AISSat-2. I 2017 kom småsatellittene Norsat-1 og Norsat-2 i bane. 75 Den tredje satellitten er i Norsat-
serien - Norsat- 3 har nå (juni 2020) planlagt oppskytning i siste kvartal i år, og flere offentlige satellitter 
er under utvikling og planlegging – hvilket tilsier at behovet for å ha oversikt over romværsmiljøet 
satellittene befinner seg i vil fortsette å være aktuelt for norske offentlige satellittoperatører. 
 



Norwegian Center for Space Weather (NOSWE) / TGO
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ISES – International Space Environment Service
Regional Warning Center in Norway

Established in collaboration with the
Norwegian Space Agency in 2014.

RWC – ISES since 2019.

Provides picture of conditions in the
Arctic (Nordic Situation Screen).

Real time data and forecasts:
- Aurorae & Geomagnetic Field
- Ionospheric Conditions
- Sun and Solar wind
- Event analysis



Tromsø Geophysical Observatory
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Provides monitoring of geomagnetic
conditions. 20 magnetometers across
Norway.

Ca. 12000 users and 600 000 
magnetograms downloaded per week.

Data products for use for geological
surveys and undersea drilling / offshore 
industry.

Digisonde in Tromsø – ionosonde data 
from 1980 on the portal. Historical data 
since 1932. 

TGO



seSolstorm: Norwegian Mapping Authority / Kartverket

18https://sesolstorm.kartverket.no/

NMA is a supplier of the CPOS 
location service, used for mapping 
and surveying, in construction 
machinery, in the mining industry, in 
agriculture and forestry, nautical 
mapping (mm precision). 160 base 
stations in Norway.

The seSolstorm (“see the solar 
storm”)  is an additional service that 
gives an overview of ionospheric 
conditions (ROTI and ROT) over 
Fenno-Scandia. Collaboration with 
Danmark, Finland, Sweden.



Meteorological Institute
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https://xn--vrio-voa.no/

Værio.no portal has now a 
possibility of including space
weather data from third parties
in the specialised in the
specialist service. e.g. GOES, 
magnetometer data, foF2 data, 
aurora forecast etc.

Description of conequences and 
level or risk.



Contribution to ESA Space Weather Portal
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Norwegian Mapping Authority (NMA): 
ionosphere monitoring.

Tromsø Geophysical Observatory: 
magnetometer data to several products
related to Northern Europe.

University of Oslo, NMA, GMV: nowcasting
and forecasting ionospheric conditions
related to scintillations (to be deployed).

University of Bergen: contribution to 
Geomagnetic Expert Service Centre.



Other developments and actions
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Development of data products and models.

Prototypes for forecasts of ionospheric
irregularities: Swan, Forswar (ESA funded projects).

Local and global models for ionospheric variability
based on satellite data and controlled by 
geophysical proxies (e.g., Swarm-VIP models), 
magnetic field, global models for ionospheric
currents: Average Magnetic Field and Polar Current 
System (AMPS).

Maintanence of networks of instruments: University of
Bergen (GISTM), University of Oslo (GISTM and All Sky 
Cameras) and others. 

Confidential manuscript submitted to Journal of Geophysical Research – Space Physics 
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Figures 803 

 804 

Figure 1. An example of the irregularity parameters from Swarm A on December 21, 2014. (a) 805 

The GPS TEC map in Northern hemisphere in a MLAT-MLT coordinate. Noon is to the top and 806 

dawn to the right. The orbit of Swarm A is shown by a black line and the timestamps are 807 

annotated in magenta dots in a cadence of 5 min. The Feldstein auroral oval is plotted in solid 808 

	 Data,	Innovation,	and	Science	Cluster  
 

Swarm-IPIR	Description	of	the	Pro-
cessing	Algorithm	
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Data product example:
IPIR: Ionospheric Plasma Irregularities by Swarm



Future
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Consolidating the community
towards developing a national
24/7 capacity in space weather
alerts, alerting lines, and 
response.

Main actors have now formed a 
committee to establish the
integrated National Space 
Weather Forecasting service.

credits: T Abrahamsen, Andøya Space

Thank you!
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E.g., European Union's Horizon 2020 
research and innovation programme: 
ERC Consolidator Grant agreement 
No. 866357, POLAR-4DSpace
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