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ObjecZves	  

1.  Develop	  a	  European	  numerical	  MHD	  based	  model	  that	  will	  
enable	  the	  advanced	  forecast	  of	  solar	  wind	  parameters	  at	  
L1.	  

2.  Use	  system	  science	  methodologies	  alongside	  those	  currently	  
available	  (empirical,	  ANN)	  to	  forecast	  the	  evoluZon	  of	  
geomagneZc	  indices	  in	  response	  to	  the	  solar	  wind.	  

3.  Construct	  a	  new	  set	  of	  staZsZcal	  wave	  models	  to	  describe	  
the	  plasma	  wave	  environment	  of	  the	  inner	  magnetosphere	  
that	  will	  accurately	  reflect	  the	  physics	  of	  the	  dynamics	  of	  the	  
radiaZon	  belts	  under	  the	  influence	  of	  the	  solar	  wind.	  
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ObjecZves	  
4.  Incorporate	  forecasZng	  capabiliZes	  into	  the	  physics	  based	  

numerical	  model	  for	  low	  energy	  electrons	  IMPTAM	  that	  
currently	  is	  able	  to	  provide	  a	  now-‐cast	  only.	  

5.  Develop	  a	  novel,	  reliable,	  and	  accurate	  forecast	  of	  the	  
radiaZon	  environment	  in	  the	  region	  of	  radiaZon	  belts	  
exploiZng	  the	  fusion	  between	  data	  based	  models	  for	  high	  
energy	  fluxes	  at	  geostaZonary	  orbit	  SNB3GEO,	  IMPTAM,	  the	  
most	  advanced	  model	  for	  high	  energy	  electrons	  in	  the	  
radiaZon	  belts	  –	  VERB,	  and	  state	  of	  the	  art	  data	  assimilaZon	  
methodology.	  

6.  To	  combine	  the	  predicZon	  tools	  for	  geomagneZc	  indices	  and	  
radiaZon	  environment	  within	  the	  magnetosphere	  with	  the	  
forecast	  of	  solar	  wind	  parameters	  at	  L1	  and	  upstream	  of	  the	  
magnetosphere	  to	  significantly	  increase	  the	  advance	  Zme	  of	  
the	  forecast.	  
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Overview	  
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	  Solar	  wind	  propaga'on	  
from	  Sun	  to	  L1	  
(AWSoM/SWIFT)	  

Forecast	  of	  the	  
Evolu'on	  of	  

Geomagne'c	  indices	  
Development	  of	  new	  
sta's'cal	  models	   Forecast	  of	  the	  high	  

energy	  electron	  
environment	  	  

Low	  energy	  electron	  
model	  

Fusion	  of	  forecast	  
tools	  



Solar	  wind	  propagaZon	  to	  L1	  
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AWSoM	  ValidaZon	  
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SWIFT	  ValidaZon	  
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Normalised	  mass	  density	  for	  a	  Gaussian	  pulse	  in	  spherical	  geometry.	  The	  pulse	  
occur	  a	  r=0	  (leM)	  and	  is	  offset	  (right).	  	  



SWIFT	  ValidaZon	  

April	  5th,	  2016	   Isradynamics	  2016,	  Ein	  Bokek,	  Israel	   9	  

MagneZc	  field	  Bx	  (leM)	  and	  number	  density	  (right)	  over	  half	  a	  solar	  rotaZon	  basd	  
on	  a	  mode,	  Parker	  solar	  wind.	  	  



Forecast	  of	  GeomagneZc	  Indices	  
•  GeomagneZc	  acZvity	  expressed	  in	  terms	  of	  
geomagneZc	  indices	  such	  as	  Dst,	  Kp,	  or	  AE	  

•  Indices	  are	  used	  as	  inputs	  to	  numerical	  models	  
such	  as	  VERB	  and	  IMPTAM	  

•  Methodologies	  used	  
– Neural	  nets	  (IRF)	  
– NARMAX	  (U.	  Sheffield)	  
– NARMAX	  +	  Lyapunov	  exponents	  (SRI	  –	  Talk	  by	  Vitaliy	  
Yatsenko	  on	  Sunday)	  

Current	  status	  –	  a	  review	  of	  current	  online	  models	  
performed	  as	  well	  as	  study	  of	  methods	  to	  assess	  
quality	  
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Assessment	  of	  forecasts	  
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Models	  used	  

•  PERS: Persistence Dst(t)=Dst(t-1) 

Assessment	  



Assessment	  of	  forecasts	  
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Sta's'cs	  of	  whole	  data	  	  sets	  (1998-‐2014)	  



Assessment	  of	  forecasts	  
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Assessments	  of	  whole	  data	  sets	  

Assessments	  of	  data	  sets	  Dst	  <	  -‐50	  



Assessment	  of	  forecasts	  
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Storm	  forecasts	  
•  Low	  pass	  filter	  data	  (8	  hours)	  
•  Dst	  <	  50	  nT	  
~	  500	  storms	  found	  
	  
Lund	  
-‐ve	  Dst	  for	  all	  data	  
For	  storms	  median	  error	  ~	  zero	  
SN_1	  
Median	  errors	  close	  to	  zero	  for	  all	  data	  
Subsets	  have	  slightly	  posiZve	  medians	  
BMR	  and	  OM	  
Consistent	  posiZve	  errors	  for	  storms	  
Evidence	  for	  posiZve	  bias	  



Assessment	  of	  forecasts	  
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Storm	  

Main	  phase	  

Recovery	  phase	  



StaZsZcal	  Wave	  Models	  

•  InteracZon	  between	  waves	  and	  parZcles	  in	  the	  
radiaZon	  belts	  modeled	  using	  sets	  of	  diffusion	  tensors	  
for	  each	  wave	  mode.	  

•  Current	  staZsZcal	  models	  of	  wave	  amplitudes	  neglect	  
solar	  wind	  measurements	  and	  geomagneZc	  evoluZon	  

•  Analysis	  of	  VAP	  data	  has	  resulted	  in	  a	  new	  set	  of	  
models	  

•  NARMAX	  ERR	  analysis	  used	  to	  invesZgate	  relaZonship	  
between	  wave	  amplitude,	  solar	  wind	  variaZons	  and	  
evoluZon	  of	  geomagneZc	  indices	  

	  	  	  	  	  (Talk	  by	  Balikhin	  on	  Thursday)	  
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Low	  energy	  electron	  flux	  forecasts	  

•  EvoluZon	  of	  low	  energy	  electrons	  within	  the	  
inner	  magnetosphere	  strongly	  depend	  upon	  
condiZons	  in	  the	  plasma	  sheet	  boundary	  layer	  

•  THEMIS	  data	  used	  to	  generate	  a	  new	  
empirical	  model	  for	  boundary	  condiZons	  
depending	  upon	  solar	  wind	  parameters.	  
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High	  energy	  electron	  flux	  forecasts	  
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•  NARMAX	  forecasts	  of	  electron	  fluxes	  at	  
geostaZonary	  orbit	  
– Talk	  by	  H.-‐L.	  Wei	  later	  today	  

•  NARMAX	  forecasts	  used	  to	  esZmate	  outer	  
boundary	  fluxes	  for	  VERB	  numerical	  model	  

•  VERB	  model	  expanded	  to	  use	  data	  
assimilaZon	  methods	  to	  accurately	  model	  
electron	  fluxes	  in	  the	  radiaZon	  belts	  



GSO	  electron	  fluxes	  2	  MeV	  
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GSO	  electron	  fluxes	  800	  keV	  
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GSO	  electron	  fluxes	  475	  keV	  

April	  5th,	  2016	   Isradynamics	  2016,	  Ein	  Bokek,	  Israel	   21	  



GSO	  electron	  fluxes	  275	  keV	  
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GSO	  electron	  fluxes	  150	  keV	  
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GSO	  electron	  fluxes	  75	  keV	  
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GSO	  electron	  fluxes	  40	  keV	  	  
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Summary	  
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PROGRESS	  is	  a	  Horizon	  2020	  funded	  space	  weather	  project.	  
	  
Main	  goals	  are	  to	  provide	  accurate	  and	  Zmely	  forecasts	  of	  	  
•  Solar	  wind	  parameters	  at	  L1	  
•  The	  evoluZon	  of	  geomagneZc	  indices	  
•  The	  parZcle	  	  environment	  in	  the	  inner	  magnetosphere	  

Real	  Zme	  forecasts	  of	  interest	  to	  
•  ScienZsts	  modeling	  these	  processes	  
•  Satellite	  operators	  

	  


