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Spacn Weather in the Arctic

Space weather see no national bo ries - but in the Arctic there are some different challenges

Pacific pcean

cryopolitics.com

Ship traffic from AisSat-1 Polar flights Radiocommunication

With increases activity in the Arctic region space weath il be an important part of Norway’s
role to ensure both safe navigation and good communication in these areas.

The need for reliable space weather forecast of high quality is necessary and highly wanted
among Norwegian users.
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Space Weather In the Arctic

Norway has
= operative demands
= interesting space weather infrastructure.

= several research groups on space weather (UiO, UiB, UiT, UNIS etc.)
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Search & Rescue In the Arctic
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Long traditions in space research - due to its northern location
* Observations of the Aurora before 1900
* Birkelands innovating aurora experiment (1886)
» National solar observatory in 1950.
* First launch of an aurora research rocket (1962)

 Early concerns about effects on military radio
communication
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Birkeland Centre for Space Science
How Earth is coupled to space

Birkeland Centre for Space Science (BCSS) is a Centre of Excellence (CoE) at the University of Bergen (UiB), that also includes

scientists from NTNU and UNIS.

(UiB)

Pl: N. Ostgaard

In Honor of Kristian Birkeland (1867-1917)
- Predicted field-aligned currents
- Studied lightening in laboratory

< fw"'f/:f, Wiy
Talk by Karl Laundal (UiB) - Thursday at 0945. P UNIS ®NTNU
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Launches

BEIEE ONLINE NETWORK HOMEPAGE | SITEMAP | SCHEDULES | BEC INFORMATION | BI

BEME NEWS Launch of the NASA Charged Aerosol Release
———— ————— Experiment (CARE Il) from Andoya Space Center in
Front Page | Thursday January 21, 1999 Published at 19:12 GMT NOfW&y, Sept 16, at 19:06 GMT. -

Weld | Sei/Tech
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Help

. 4
Peor conditions had delayed the launch
A rocket designed to investigate the "space weather"
responsible for the Northern Lights blasted off from a
rocket range in Norway on Thursday.

The Caper (Cleft Accelerated Plasma Experimental
Rocket) was part of a joint US-Norwegian research
project.

ICI-4 - space weather effects

Aurora

ICl-4
Apogee 360 km

Polar Cap Patch

EISCAT
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The EISCAT radars

EISCAT (European Incoherent Scatter) antennas in Norway, Sweden and Finland. Studies the
interaction between the Sun and the Earth (ionosphere, plasma clouds etc.) Also useful for

tracking space debris

32 meter dish ,‘
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Aurora Observatory at Svalbard
Kjell Henriksen Observatory




Instltutlons @ KHO

University Centre in Svalbard
2 University of Oslo
3. University of Tromsg
4. University of Alaska, Fairbanks
5. University College London
6. University of Wales Aberystwyth
7. University of Southampton
8. University of New Hampshire
9. Augsburg College
10. Tohoku University
11. National Institute of Polar Research Japa
12. Finnish Meteorological Institute
13. Embry Riddle Aeronautical University
14. Danish Meteorological Institute *
15. Air Force Research Laboratory *
16. Laboratoire de Planétologie de Grenoble
17. Institute of Radio Astronomy
18. AVINOR
19. The Polar Institute of China
20. The University of Electro-Communications Tokyo

.. & excellent students!



The Svalbard SuperDARN radar (% !HHH |!

Principal Investigator:

*+ Co-Investigator:

* Project Scientists:

*  Project engineer:

Prof. Dag A. Lorentzen, UNIS and The Birkela
Centre for Space Science (BCSS).

Assoc. Prof. Lisa Baddeley, UNIS and BCSS,

Prof ,er_an Moen Univ. of Oslo and UNIS
Prof. Fred Sigernes, UNIS and BCSS

Dr. Mikko Syriasuo, UNIS and BCSS

The Birkeland Space Weather workshop, 16. June, 2017




Tromsg Geophysical Observatory (TGO)

e Unit directly under the Faculty of Science and Technology at UiT

* Main Responsibility: Maintain observational time series (1928/32 —
future) of the geomagnetic field in Norway (magnetometers) and
electron density profile above Tromsg (ionosonde).

* Network off 14 magnetometers + other relevant systems.

* At present 8 employees (3 engineers, 5 scientists)

01/30/14 16
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The Norwegian Mapping Authority

Permanent Geodetic Stations on Norwegian Mainland and Svalbard
The Norwegian Mapping Authority (NMA) has developed an ionospheric model based on the

GNSS network.
A network of 135 GNSS-receivers across Norway
High ionospheric activity causes problems for calculating GPS-corrections in SATREF®

® SATREF® is a correction service they provide to the users
Recelver Network

Receiver sites outside of the mainland

Kartverkets PGS-nettverk, januar 2016

Svalbard

Greenland
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Solar storm effects on GPS

Ionospheric density [TEC Units] ROTI [TECU/min
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lonosperic Monitoring Service for ESA SSA

space situational awareness

ESA SSA SWE NEO SST

About SWE

What is Space Weather

SSA Space Weather Activities
Current Space Weather
Contact

Service Domains
Spacecraft Design
Spacecraft Operation

Human Space Flight

Launch Operation
Transionospheric Radio Link
Space Surveillance and Tracking
Power Systems Operation
Alrlines

Resource Exploitation System Operation
Pipeline Operation

Auroral Tourism Sector
General Data Service
Expert Service Centres
ESC Solar Weather

ESC Space Radiation

ESC lonospheric Weather
ESC Geomagnetic Conditions
ESC Hellospheric Weather
Other Resources
Documents

SWWT

SWEN NewslLetter

Upcoming Events

Sign-In

You are not signed in.

Sign In

Request For Registration
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Ionospheric Weather Expert Service Centre

() Latest data

One Hour TEC Forecast

2017-06-10 21:45:00 UT

20°
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TEC / TECU

ESC tools and products

TEC Europe and TEC Europe forecast
TEC Global forecast

Slab Thickness

Scintillation Index

ROTI maps for Europe

Plasma content above Nordic region
Turbulence index over Nordic region
Ground disturbances over Norway
Scintillation map over Nordic region
ROTI at ground time series (Selected
locations In northern Europe)

Integrated Electron Density Maps
Current Ionospheric Conditions
foF2 nowcast maps

Long Term Prediction maps of foF2

VTEC maps (Northern Europe)

ROTI maps (Northern Europe)

$4 and sigma-phl maps (Northern Europe)
ROTI at ground time series (Selected
locations In northern Europe)

Sunlit lonosphere Sudden TEC
Enhancement Detector

GNSS Solar Flare Activity Indicator

Archive of solar and geomagnetic indices
for thermospheric drag calculation
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Service supporting Resource Exploitation
TGO and NMA
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Norwegian Space Weather Center

Aim to get national responsibility for operational space weather acitivities.

Already planned emergency readiness with Norwegian Power Grid company (Statnett)
Will be built around a Space Weather monitoring center

About NOSWE

We have initiated a collaboration with our national weather
services ( ) to distribute future space weather
alerts/warnings.

c. http://site.uit.no/spaceweather/
, : o b fHEE
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frastructure
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- Eksisterende og @nsket infrastruktur

Vigdis Lonar Barth, April 2012

NSC report 2012: Space Weather Infrastructure in
Norway (V.L.Barth) " P o S (NS -

Conclusions: Norway, with its existing infrastructure can
contribute in many areas in an European SW-service. The
report also underline the need for upgrading some older
systems as well as investing in new equipment.

Installing infrastructure on ships and platforms on the
ocean.

In particular with infrastructure at Svalbard we have the
best assumptions for detecting and forecasting
disturbances on navigation systems in the Arctic.
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Navigation systems (GPS)

» Turbulence in the ionosphere causes
scintillation in the satellite signal and can
disrupt the reception.

» Total amount of electrons (TEC) along the path
of the signal can introduce errors up to 100
meters.

« Radio bursts can «jam» the signals.

Space
1,000 :rm +

=" lonosphere
— &0 -al0km

IONOSPHERE

Troposphiere’

0 - &0 km
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Challenges in the Arctic

s a*
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Limited EGNOS correction at high latitudes

e EGNOS provides corrections, but limited
coverage far north.

e Two new EGNOS stations installed at
Svalbard and Jan Mayen

e Another challenge: How will tracking of
EGNQOS signals via geostationary satellites
work in the high north?

* These satellites are extremely low in the
horizon and it is a challenge to decode
data from them
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Some don’t care about GPS accuracy




For others it IS critical

* Errorsin GPS based systems can be a serious problem.

i
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High precision positioning problematic

« Kongsberg Seatex - world leading within dynamical positioning. They experiences
often disruption outside the coast of Brasil. This causes interruption of the operation.
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Directional drilling

Directional drilling

— Qil industry relies on geomagnetic maps to guide the drill and monitor
the well direction.

Directional| \ Exploration
Well | \Well

1000
5000

.\\]ERJ-/

—

b 2,
= PZaw Inge Edvardsen
o> BAKER PhD Candidate/Survey

N & .
FRO’-'\' HUGHES Management Engineer
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Directional drilling

During geomagnetic storms, the magnetic field is disturbed:
AD [deg]
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L needle direction

This has to be monitored and corrected for in order to:
Hit the Geological Target Avoid Other Wells

(& maximize recovery)
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BAK'E‘R.' PhD Candidate/Survey

HUGHES Management Engineer
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Geomagnetic surveys - search for oil and gas

Seismic offset=1807m
-_—

«

® Offset reference point
X' Centre of first grou “ > .
group Distance rope 100m
Centre of source

40?m .
“ > Distance rope 100m

- 100m

Distance rope 100m

. Distance rope 100m
Geo Pacific, Fugro-Geoteam AS

Preliminary Streamer setup

Fugro-Geoteam use ships with sensitive magnetometers on long cables.
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The Scandinavian Power Grid

Statnett, the Norwegian Power Grid Company,
= S| supervises and co-ordinates the operation of the entire
NG Norwegian power system.

A
ISLAND j v

=\ A N I The have monitored GIC for about 15 years.

Their conclusion: The Norwegian grid is fairly robust -
even for a super storm.

cNorsk Romsenter ! 32
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Radio communication | polar regions
difficult
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Limited Broadband and radio
communication in the North

Theoretical limit (80°)

Practical limit (76°) |

[ 0
— Problems occur (72°) |




Polar routes

* Polar routes : 11.214 flights in 2012 (3,365,000 passengers)
* No satellite communication north of 82 degree
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Polar Route Popularity — Some Statistics

Crosspolar Traffic Levels
from 2000 through 2007

2000 2001 2002 2003 2004 2005 2006 2007 2012

pac‘ific Oceal

_ Awiation Workshop, NOAA SWPC Space Weather Workshop
(o} !'yOpOhtICS.Com Boulder, Colorado. April 28, 2008

From the Airlines: What's New




Arctic - Highway In the Sky

65 000 transits over Norwegian airspace

e, o N aiS-NIS
BN « N7280 -"“-‘ffff’hllmn
Increasing by >15% annually e
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) ] .._KMA%!EFLOR _“L_‘TNOH
Bodg Oceanic Control — main controll g
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Need high quality navigation and communication

Anchorage
Arctic Magadan
Oceanic

Edmonton

b Murmansk
/ \ :
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Sondrestrom
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Aviation Iin the Arctic

Svalbard

Oslo Lufthavn AS




Flights to, from and at Svalbard
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Greenland
| Sea
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Polar Communication satellites

e The Norwegian Government is exploring the possibility of new communication satellites
for the Arctic - possibly in collaboration with other arctic countries.

CNorsk Romsenter ! 39
NORWEGIAN SPACE CENTRE
;‘




Radio burst affected flight radars
4 November 2015

The event led to 5776 delay-minutes for SAS

WEATHER PREDICTIOI

CEANIC AND ATMOSPHERIC AL

Friday. Novembar 06, 2015 0¢

R1(MINOR) EVENT ON 4 NOV AND SUBSEQUENT CORONAL MASS EJECTION “UPDATE™

M3.7 Minor Flare at 1352 UT
- too small and too early !!

R (MINOR) EVENT ON 4 NOV AND SUBSEQUENT CORONAL MASS EJECTION **UPDATE"* s. Radial 227
bl Thursday, November 0 ute id1a:28 UTC.

ASA's Solar Dynamics Observatory. T
fec a partial E did, in fact,
is late on the Tthiearty on the 8h

Solen pa radial 227.

Avinor




Norwegian small satellites

AISSat-1 (2010)
(2010)

Norsat-1 (Jul. 2017) Norsat-2 (Jul. 2017) Norsat -3 (Q2 2019)
- AIS - AlS - AlS
- Space weather - VDES demonstrator - Navigation radar detector

- Solar TSI

CNorsk Romsenter
NORWEGIAN SPACE CENTRE

e ——————




NORSAT-

Primary payload :

— Next generation An Automati e
Identification System (AlS)

to acquire messages fro
maritime vessels;

Secondary payload :

— University of Oslo
Secondary payload :

— A Compact Lightweight Absolute .
Radiometer (CLARA), intended to
observe total solar irradiation and
variations over time. ‘ , )

K\

— Physikalisch-Meteorologisches
Observatorium Davos

-
Not every kind of storim
shows up on weather radar...

ﬁ‘/ —l 4
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DSB - National Risk Analysis

The Directorate for Civil Protection and Emergency Planning (DSB)

TEMA

NASJONALT RISIKOBILDE 2012
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Users of Space Weather in Norway

Who: Why:
* Qil&Gas companies Navigation, positioning and exploration activities
* Aviation GNSS navigation and HF communication (S&R, Avinor etc.)
* Maritime Sector GNSS navigation and HF communication
* Power grid operators Ground Induced Currents and GPS timing (NVE/Statnett)
e Satellite operators Damages to systems (Statsat/Telenor)

* Survey, Construction, etc. GNSS positioning

* Tourism sector Aurora forecasts




Summary

Several Norwegian agencies and companies are aware of their needs within space
weather and ask about national services.

With the expected increased oil and gas activities in the Barents Sea, more traffic
through the North West passage, more GNSS-users on land and ocean as well GNSS-
usage in aviation the demands for reliable space weather services will also increase.

However, until now very little coordination towards an operative national system

Today Norway also have its own small satellites that are affected my space weather and
space debris. As well as satellites with space weather instrumentation.

Our goal is to be in the front on Arctic Space Weather part of the European development.




