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DTU	
  -­‐	
  Space	
  Weather	
  
Linking	
  exper1se	
  in	
  4	
  important	
  areas:	
  

1.  Interplanetary	
  disturbances	
  	
  -­‐	
  magnetosphere	
  coupling	
  	
  
(Sec1on	
  of	
  Astrophysics)	
  

2.  The	
  ionosphere	
  	
  -­‐	
  	
  communica1on	
  and	
  naviga1on	
  (Sec1on	
  
of	
  Geodesy)	
  

3.  The	
  Earth’s	
  magn1c	
  field	
  and	
  geomagne1c	
  ac1vity	
  
(Sec1on	
  of	
  Geomagne1sm)	
  

4.  Space	
  instrumenta1on	
  (Sec1on	
  of	
  Measurement	
  and	
  
Instrumenta1on)	
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Greenland	
  GPS/GNSS	
  Reference	
  Sta1ons	
  

IGS	
  standards	
  implemented	
  at	
  
all	
  sta1ons	
  	
  



•  12	
   West	
   Coast	
   magnetometer	
   sta1ons	
  
along	
  constant	
  geomagne1c	
  longitude	
  

•  Longitudinal	
   coverage	
   from	
   polar	
   cap	
   to	
  
auroral	
  oval	
  

•  Monitoring	
   electric	
   current	
   systems	
   in	
   the	
  
Arc1c	
  ionosphere	
  and	
  magnetosphere	
  	
  

•  Monitoring	
   geomagne1c	
   varia1ons	
   that	
  
drive	
   ground	
   induced	
   currents,	
   affect	
  
direc1onal	
  drilling.	
  

•  East	
  Coast	
  magnetometer	
  sta1ons	
  

DTU	
  Space	
  ground	
  magnetometers:	
  
special	
  focus	
  on	
  Greenland	
  



• There	
  are	
  severe	
  challenges	
  

– Challenging	
  nature	
  
– Accuracy	
  of	
  maps	
  

– Remoteness	
  of	
  the	
  region	
  
– Communica1on	
  

– Weather	
  

…….  and ……. 

– Space Weather… 

When	
  developing	
  the	
  arc1c	
  



Vision:	
  
DTU	
  -­‐	
  Space	
  Weather	
  

	
  	
  	
  	
  Forecast	
  
	
  	
  	
  	
  Experimental	
  and	
  
educa1onal	
  	
  	
  

	
  	
  	
  	
  forecast	
  ac1vi1es	
  

Observa1ons	
  	
  from	
  ground	
  and	
  satellites	
  	
  

	
  	
  	
  Monitoring	
  
	
  	
  	
  	
  Deriva1on	
  of	
  space	
  
weather	
  relevant	
  
parameters	
  

Dissemina1on	
  in	
  user-­‐friendly	
  representa1ons	
  to	
  
users	
  and	
  the	
  public	
  in	
  Denmark	
  and	
  Greenland	
  



Most	
  space	
  weather	
  events	
  are	
  global	
  phenomena	
  



Europe	
  and	
  North	
  America	
  

9	
  

Closing	
  the	
  gap	
  in	
  	
  
scien1fic	
  	
  and	
  opera1onal	
  
space	
  weather	
  
infrastructure	
  	
  
between	
  	
  
North	
  America	
  and	
  
Europe	
  
in	
  near	
  real	
  1me.	
  Magnetometer	
  sta1ons	
  



•  Experimental:	
  	
  
– The	
  main	
  goal	
  is	
  to	
  improve	
  current	
  space	
  weather	
  
forecas1ng	
  

•  Educa1onal:	
  	
  
– Educa1on	
  is	
  an	
  integrated	
  part	
  of	
  the	
  ac1vity	
  

DTU	
  -­‐	
  Space	
  Weather	
  
Experimental	
  and	
  Educa?onal	
  

Forecast	
  Service	
  



First	
  training	
  as	
  forecasters:	
  

-­‐  What	
  to	
  look	
  for?	
  
-­‐  Which	
  models	
  to	
  use?	
  
-­‐  How	
  to	
  derive	
  input	
  
parameters	
  for	
  models	
  and	
  
launch	
  model	
  runs?	
  

-­‐  Procedures	
  for	
  alerts:	
  Events,	
  
thresholds	
  

-­‐  How	
  to	
  create	
  daily/weekly	
  
reports	
  

DTU	
  –	
  CCMC/SWRC	
  	
  
Collabora1on:	
  Daily	
  forecast	
  	
  



iSWA - Integrated Space 
Weather Application  

http://iSWA.ccmc.gsfc.nasa.gov




Forecasting 
CME arrival 
and impact 

StereoCat-­‐tool	
  

ENLIL	
  



Weekly international tag-up, 
Thursday 15.00 UTC 



Educa1onal	
  forecast	
  

•  Regular	
  Courses:	
  	
  
– Students	
  are	
  trained	
  in	
  forecast	
  
methods	
  

– Students	
  par1cipate	
  in	
  
interna1onal	
  tag-­‐up	
  

•  Students	
  engage	
  in	
  project	
  to	
  
develop	
  new	
  forecast	
  and	
  
monitoring	
  methods	
  

DTU	
  educa1on:	
  	
  
“Earth	
  and	
  Space	
  Science	
  and	
  technology”	
  



•  Keep	
  track	
  of	
  which	
  observa1ons	
  (oden	
  science	
  
driven)	
  are	
  available	
  in	
  near-­‐real	
  1me	
  and	
  with	
  
which	
  1me-­‐delay	
  (and	
  adapt	
  the	
  methods)	
  

•  Keep	
  track	
  of	
  new	
  models	
  developments	
  and	
  tools,	
  
their	
  strengths	
  and	
  limita1on	
  

•  Think	
  in	
  terms	
  of	
  user	
  needs	
  (preferably	
  one	
  step	
  
ahead).	
  

Experimental	
  forecast	
  service	
  
You	
  are	
  in	
  a	
  good	
  posi1on	
  to	
  improve	
  forecas1ng	
  when	
  you:	
  



DTU	
  –	
  CCMC/SWRC	
  collabora1on	
  
•  Daily	
  forecasts	
  based	
  on	
  world	
  top	
  methods	
  
•  Daily	
  logs	
  and	
  Database	
  of	
  space	
  weather	
  events	
  
•  Easy	
  access	
  to	
  real-­‐1me	
  data	
  and	
  model	
  output	
  
•  Weekly	
  interna1onal	
  “tag-­‐ups”	
  (telecons)	
  
•  Student	
  par1cipa1on	
  

PERSPECTIVE:	
  

24/7	
  Space	
  Weather	
  forecast	
  
through	
  interna1onal	
  
collabora1on	
  





DTU	
  Space	
  Weather:	
  

•  Automa1c	
  detec1on	
  of	
  solar	
  
wind	
  disturbances	
  

•  Geomagne1c	
  storm	
  forecast	
  

•  Focus	
  on	
  polar	
  electrojets	
  

SSA	
  Heliospheric	
  Expert	
  Service	
  Centre:	
  
-­‐	
  Space	
  weather	
  forecast	
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Effects in the Arctic 
•  Impulsive	
  currents	
  are	
  generated	
  in	
  the	
  auroral	
  oval	
  of	
  the	
  ionosphere	
  
•  Small	
  scale	
  perturba1ons	
  of	
  the	
  ionosphere	
  densi1es	
  (scin1lla1ons)	
  

–  Affec1ng	
  communica1ons	
  and	
  GNSS	
  applica1ons	
  

•  	
  Perturbing	
  the	
  magne1c	
  field:	
  

–  Affec1ng	
  e.g.	
  oil	
  explora1on	
  



SSA	
  Ionospheric	
  Expert	
  Service	
  Centre:	
  
-­‐	
  Ionospheric	
  monitoring	
  and	
  modelling	
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Monitoring:	
  
•  Each	
  sta1on:	
  	
  	
  Slant-­‐TEC,	
  VTEC,	
  S4,	
  σrms	
  

•  The	
  Greenland	
  sector:	
  	
  	
  TEC	
  (lat,	
  lon,	
  1me)	
  

•  Products:	
  

•  Each	
  sta1on:	
  	
  	
  foE,	
  foF2,	
  fmax,	
  HE,	
  HF2,	
  cycle	
  slips	
  
•  Tomographic	
  data:	
  Global	
  Ionosphere	
  Maps	
  (GIM)	
  of	
  TEC	
  and	
  Ne,	
  

Auroral	
  Oval	
  (Feldstein),	
  Scin1lla1ons	
  (1-­‐25	
  Hz),	
  ΔTECObs-­‐Model	
  
(lat,	
  long,	
  1me)	
  

•  Baseline-­‐varia1ons	
  (Nuuk	
  and	
  Sisimiut)	
  for	
  general	
  RTK-­‐users	
  

•  Arc1c	
  GIM,	
  PIM,	
  NTCM-­‐GL	
  modelling	
  

•  Arc1c	
  scin1lla1on	
  and	
  propaga1on	
  modelling	
  	
  

	
  	
  	
  	
  	
  	
  (WBMOD,	
  GISM,	
  and	
  FSM)	
  	
  



Possible	
  users	
  in	
  Arc1c	
  
•  Air	
  traffic	
  in	
  Greenland	
  –	
  availability	
  of	
  local	
  airport	
  HF-­‐

communica1on	
  	
  

•  Ship	
  traffic	
  and	
  rou1ng	
  (fleet	
  of	
  fishing	
  ships)	
  

•  Oil-­‐	
  and	
  gas	
  industry	
  prospec1ng	
  (primarily	
  west	
  of	
  Greenland)	
  

•  Infrastructure	
  tasks	
  for	
  local	
  communi1es	
  

•  Danish	
  Coastguard	
  and	
  Navy	
  (ship	
  monitoring	
  and	
  ‘Search	
  &	
  
Rescue’	
  ac1vi1es)	
  

•  GALILEO/EGNOS	
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Magnetometers	
  in	
  Norway	
  and	
  Denmark	
  
•  Near-­‐real	
  1me	
  federated	
  service	
  in	
  ESA	
  

SSA.	
  
•  polar	
  electrojet,	
  GIC,	
  direc1onal	
  drilling	
  

Magnetometers	
  in	
  Greenland	
  
•  polar	
  electrojet,	
  GIC,	
  direc1onal	
  drilling	
  

Polar	
  Cap	
  Index	
  
•  Single	
  sta1on	
  index	
  (Qaanaaq/Greenland)	
  
•  Proxy	
  for	
  energy	
  input	
  from	
  solar	
  wind	
  /	
  

merging	
  electric	
  field	
  
•  Ground	
  based	
  solar	
  wind	
  indicator	
  

NRT:	
  near	
  real	
  1me.	
  

SSA	
  Geomagne1c	
  Expert	
  Service	
  Centre:	
  
-­‐	
  Geomagne1c	
  ac1vity	
  monitoring	
  



Level	
  1b	
  data:	
  Validated	
  ?me	
  series	
  of:	
  
•  High-­‐precision	
  magne1c	
  field	
  (1Hz,	
  50Hz)	
  
•  Electron	
  and	
  ion	
  density	
  and	
  temperature,	
  

ion	
  drid	
  velocity,	
  electric	
  field	
  (2Hz)	
  	
  	
  
•  Pre-­‐processed	
  accelerometer	
  data	
  (1Hz)	
  

	
  Swarm	
  Satellite	
  Constella1on	
  and	
  
Data	
  products	
  for	
  Space	
  Weather	
  applica1on	
  	
  

Level	
  2	
  data	
  with	
  Space-­‐Weather	
  relevance:	
  
•  Advanced	
  models	
  of	
  the	
  Earth’s	
  magne1c	
  

field	
  
•  Radial	
  and	
  field-­‐aligned	
  currents	
  
•  Equatorial	
  “bubble”	
  index	
  	
  
•  Dayside	
  equatorial	
  eastward	
  electric	
  field	
  	
  
•  Slant	
  Total	
  Electron	
  Content	
  
•  Thermospheric	
  density	
  and	
  winds	
  
•  Magne1c	
  	
  signal	
  of	
  magnetospheric	
  

currents	
  	
  (Dst-­‐like)	
  

Swarm	
  provides	
  ?mely	
  and	
  accurate	
  
geomagne?c	
  reference	
  field	
  that	
  can	
  be	
  
used	
  in	
  ESA	
  SSA.	
  

DTU	
  leads	
  the	
  ESA-­‐funded	
  Swarm	
  Level	
  2	
  
Processing	
  System	
  SCARF	
  
•  six	
  European	
  ins1tutes	
  and	
  two	
  US	
  

partners	
  	
  
•  six	
  processing	
  chains	
  processing	
  Swarm	
  

Level	
  1b	
  data	
  
•  product	
  delivery	
  to	
  ESA	
  for	
  distribu1on	
  

to	
  the	
  scien1fic	
  community	
  



Swarm	
  A+B	
  

Swarm	
  C	
  

Ionospheric	
  TEC	
  

Equatorial	
  bubble	
  index	
   Monitoring	
  Ionospheric	
  irregulari?es	
  

Possible	
  Swarm	
  Products	
  
Real1me	
  versions	
  can	
  be	
  developed	
  

Monitoring	
  electrojets	
  


