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Feb 2011 
NRR entry  

SWPC 
MoA 

Nov 2011 
Forecaster 

training 
at SWPC 

Jan 2013 
Met Office 
own SpWx 

risk 

Mar 2013 
Enlil 

operational 

Apr 2014 
SpWx 
bench 
24x7 

Oct 2014 
MOSWOC 

official 
opening 



Catastrophic 

Significant 

Moderate 

Minor 

Limited 

Low Medium low Medium Medium high High 

National risk register 
The UK government response guide 

Impact 

Likelihood 

Effusive 
volcano 

Pandemic flu 

Severe space 
weather 

Volcanic ash 

Heavy snow & 
low temps 

Industrial 
action 

Coastal floods 

Transport 
accidents 

Drought Public 
disorder 

Industrial 
accidents 

Electricity 
failure 



Met	
  Office	
  Space	
  Weather	
  
Opera.ons	
  Centre	
  

•  24/7	
  Opera.ons	
  

•  Fully	
  integrated	
  within	
  Met	
  
Office	
  Opera.ons	
  Centre	
  

•  Na.onal	
  capability	
  
suppor.ng	
  	
  government,	
  
military,	
  and	
  cri.cal	
  sectors	
  

•  Team	
  includes	
  

•  Space	
  Weather	
  
Opera.onal	
  
Meteorologists	
  	
  	
  

•  Scien.sts	
  
•  Programme	
  managers	
  
•  IT	
  developers	
  



Objectives and Services 



Objectives and Services 

Objectives 
Source of UK centric advice to support critical 

infrastructures, deliver socio-economic benefit, meet 
customer requirements 

Space Weather Services 
•  Subscription services (email) – forecasts, alerts, 

warnings, guidance documents (situational awareness) 

•  Customer sector specific tailored webpages 

•  Public awareness pages 

Customer Sectors  
Energy, Aviation, Marine, Satellite, Defence, and Rail 

Forecast Products 
Tailored analysis 

•  Synoptic maps 
•  CMEs 
•  Geomag forecasts 
•  Flare/radio blackouts 
•  Proton storms 
•  Electron fluence 



Adapting to Customer Needs 
Forecasts issued 2x daily to 
UK-based subscribers 
Choice of two versions 
•  Technical forecast 
•  Plain-language forecast 

Technical forecast  
Intended for use by experts 

•  Details such as Kp 
values, solar wind 

speeds, etc 

Plain-language forecast  
Adapted for use by non-
expert decision makers 



‘Expert’ forecast 



Sector	
  Specific	
  Nowcast/Forecast	
  
webpages	
  



Operational Standards 



•  24/7/365	
  staffing	
  of	
  forecas.ng	
  office.	
  

•  99+%	
  reliability	
  of	
  observing,	
  processing	
  &	
  dissemina.on	
  
systems.	
  

•  Key	
  web	
  products	
  ≥99.5%	
  others	
  ≥97.5%.	
  

•  All	
  data	
  and	
  models	
  mirrored	
  across	
  2	
  computer	
  halls	
  (run	
  
models	
  and	
  systems	
  in-­‐house).	
  

•  Redundant	
  power,	
  cooling	
  &	
  networking	
  at	
  all	
  facili.es.	
  

•  Con.ngency	
  plans	
  for	
  outages	
  of	
  all	
  forecast-­‐cri.cal	
  system	
  
elements:	
  e.g.,	
  alternate	
  processing	
  sites,	
  backup	
  instruments	
  for	
  
observa.ons	
  and	
  backup	
  computers	
  for	
  model	
  runs,	
  etc…	
  

Met	
  Office	
  opera.onal	
  standards	
  



MOSWOC: Resilience 

Run all models & systems in-house 
•  All data & models mirrored across 2 

computer halls 
•  BC laptop, relocate within building or outside 

Use data, products etc from SWPC, BGS 
•  Arrive via robust data transfer 

Forecaster suite developed in-house 
•  Visualise models, monitor observations,  

issue alerts & warnings 

Requirements 
• Tried & tested models 
• Models run on Met Office resilient 
infrastructure 



CCMC – MO Partnership 
Opportunities 
Everything we do is based on world-leading science and enhanced by the 
close working relationships we have with partner organisations around the 
globe. 



Foundations of Operational Forecasting 
SWx at the Met Office 



R2O 



Opera.onal	
  Requirements	
  

Scien.fic	
  
Ques.on	
   Model	
   Publica.on	
  Research 

Operations Opera.onal	
  
Constraints	
   Scien.fic	
  

Precision	
  	
  

2 Model Transition 



• Robustness:	
  models	
  should	
  run	
  successively	
  for	
  a	
  range	
  of	
  
space	
  weather	
  condi.ons	
  and	
  handle	
  errors	
  appropriately	
  and	
  
informa.vely,	
  allowing	
  opera.onal	
  service	
  and	
  IT	
  support	
  
teams	
  to	
  understand	
  and	
  resolve	
  problems.	
  	
  
• Forecast	
  Cycle:	
  The	
  model	
  should	
  run	
  fast	
  enough	
  to	
  be	
  used	
  
within	
  a	
  forecas.ng	
  cycle	
  excluding	
  data	
  latencies	
  (varies	
  by	
  
domain	
  and	
  condi.ons).	
  
• Quality	
  Assurance:	
  High	
  standard	
  of	
  code	
  structure,	
  
documenta.on,	
  error	
  handling	
  and	
  version	
  control	
  allowing	
  
systema.c	
  model	
  management	
  i.e.	
  perform	
  acceptance	
  tests,	
  
reviewing	
  procedure	
  for	
  code	
  changes	
  and	
  allow	
  opera.onal	
  
service	
  and	
  IT	
  support	
  teams	
  to	
  resolve	
  problems.	
  
• Environment:	
  Developed	
  using	
  appropriate	
  opera.ng	
  system	
  of	
  
opera.onal	
  centre	
  (for	
  Met	
  Office	
  this	
  is	
  Linux	
  opera.ng	
  
system).	
  	
  
• Language:	
  Source	
  code	
  available	
  and	
  model	
  wriben	
  in	
  
appropriate	
  language	
  (for	
  Met	
  Office	
  this	
  is	
  Fortran,	
  Python	
  or	
  
Java.	
  C	
  and	
  IDL	
  may	
  also	
  be	
  acceptable	
  for	
  cri.cal	
  models,	
  
however	
  with	
  lower	
  opera.onal	
  support).	
  
• Licensing:	
  License,	
  IPR	
  and	
  terms	
  of	
  use	
  for	
  model	
  and	
  input	
  
data	
  should	
  be	
  appropriate	
  and	
  obtainable.	
  	
  
• Efficiency:	
  Unless	
  model	
  is	
  computa.onally	
  very	
  cheap,	
  code	
  
should	
  be	
  parallelised	
  to	
  ensure	
  HPC	
  opera.on	
  (supported	
  
OpenMP	
  and	
  MPI	
  protocols).	
  
• Resilience:	
  Fall	
  back	
  op.on	
  of	
  using	
  a	
  simpler	
  configura.on,	
  
other	
  ini.alisa.on,	
  repeat	
  forecast,	
  or	
  alterna.ve	
  input	
  data	
  
source	
  to	
  maintain	
  con.nuous	
  forecas.ng	
  capability	
  (e.g.	
  solar	
  
or	
  geomagne.c	
  drivers	
  as	
  input)	
  in	
  case	
  of	
  technical	
  issues	
  (e.g.	
  
data	
  availability).	
  
• Dependencies:	
  Models	
  should	
  not	
  have	
  dependencies	
  on	
  non-­‐
standard	
  libraries	
  not	
  under	
  the	
  opera.onal	
  centre	
  control	
  (e.g.	
  
SolarSoe).	
  
• Coupling:	
  Model	
  should	
  be	
  suitable	
  for	
  coupling	
  to	
  other	
  
appropriate	
  models	
  with	
  compa.ble	
  boundary	
  condi.ons	
  and	
  
input/output	
  parameters.	
  	
  

System	
  Requirements	
  

User	
  &	
  System	
  
Requirements	
  

• Timeliness:	
  Data	
  assimilated	
  (NRT)	
  and	
  forecasts	
  
produced	
  in	
  a	
  .mely	
  manner.	
  

• Data	
  Model:	
  Models	
  should	
  be	
  data	
  driven	
  rather	
  
than	
  climatology.	
  

• User	
  Documenta@on:	
  High	
  standard	
  of	
  user	
  
documenta.on,	
  describing	
  model	
  overview,	
  
input/output	
  and	
  limita.ons	
  on	
  validity.	
  

• Evalua@on:	
  Model	
  sta.s.cal	
  verifica.on	
  skill	
  
scores	
  defined	
  to	
  inform	
  forecaster	
  
interpreta.on.	
  Skill	
  scores	
  available	
  to	
  benchmark	
  
impact	
  of	
  replacing	
  standalone	
  model	
  with	
  
coupled	
  model,	
  or	
  to	
  benchmark	
  model	
  upgrades.	
  	
  

• Ensembles:	
  Ensemble	
  opera.on	
  possible	
  (unless	
  
determinis.c	
  models	
  are	
  shown	
  to	
  perform	
  
beber).	
  	
  

• Autonomy:	
  Models	
  should	
  have	
  the	
  poten.al	
  to	
  
run	
  automa.cally,	
  without	
  human	
  interven.on,	
  
producing	
  output	
  for	
  forecaster	
  assessment.	
  	
  

User	
  Requirements	
  

Space	
  Weather	
  
Opera.onal	
  
Meteorologist	
  

User	
  

MOSWOC	
  
Infrastructure	
  

System	
  
Space	
  Weather	
  
Opera.ons	
  
Centre	
  
(MOSWOC)	
  

Could these be adapted to go from general NASA ARL to define an agreed 
space weather Operational Readiness Level? 



Where does CCMC fit? 

Model A Model B Model… Transition to Operations 
Operational 
providers 

(MO, SWPC, 
557th, etc) 

Operational Readiness Level 

Science 
•  Validation 
•  Verification 

Technical 
•  Documentation 
•  Quality Assurance 

Robustness 
•  Testing/

benchmarking 
•  Standardisation 
•  Optimisation 

Is this the role CCMC could / 
should take on? 



Model Verification 



© Crown copyright   Met Office 

Terrestrial NWP Model Science Indicator 

* Parameters: Surface pressure, 500hPa geopotential height, 250hPa/850hPa Winds; 
Forecast ranges from T+24h to T+120h  
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Global ranking of Met Office Global Model forecast accuracy based on the 
WMO weighted global index components used by the WMO/CBS 



Space Weather Model 
Verification 

Space Weather needs equivalent internationally agreed science metrics 

Space 
Weather 
models/

scoreboards 

Space 
Weather 
Science 
Indicator 
Metrics 

•  CME Science Indicator 
•  Flare Science Indicator 
•  SEP Science Indicator 

Drive 
science 
progress 

Forecast service verification is responsibility of Op centre 

Operational centre 
forecast service 

Customer 
requirements Service verification 



Met Office View of CCMC 

•  Independent judge 

•  Science basis of models 

•  Science indicator model rank 

•  Targeted studies directed by Ops Centers 

•  Verify models & techniques 

•  Not services – responsibility of Ops Centres 



Thank You 



Extra slides 



Research	
  ac.vi.es	
  

Research	
  to	
  opera.ons	
  (R2O)	
  role	
  

•  Relevant	
  research	
  for	
  improvements	
  

•  Implemen.ng	
  models	
  	
  

•  Verifica.on	
  	
  
Collabora.ons	
  are	
  crucial	
  

•  Academic	
  community	
  best-­‐placed	
  to	
  do	
  fundamental	
  research	
  

•  Work	
  closely	
  with	
  other	
  government	
  research	
  agencies	
  and	
  
universi.es	
  in	
  UK	
  and	
  worldwide..	
  



UK	
  Impacts	
  



Verifica.on	
  

http://ccmc.gsfc.nasa.gov/challenges/flare.php 

Flare	
  Scoreboard	
  



CME	
  forecas.ng	
  
Arrival time prediction 

Technical	
  guidance	
  

NASA	
  Community	
  Coordinated	
  Modeling	
  Ceneter	
  CME	
  Scoreboard	
  


