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Met Office Space Weather Operations 
Centre (MOSWOC)

• Fully integrated within Met Office Operations Centre
• One of 3 centres manned 24/7 globally

• NOAA SWPC & 557th

• 14 trained forecasters (1 dedicated + 1 on shift)
• 6 R2O, 5 IT developers & 4 Programme Office
• Runs models independently of US partners



Solar disk analysis

Synoptic map from 
SDO & GONG 
imagery

Analysing sunspot complexity (AR2277 1st Feb ‘15)



Forecaster intervention

Murray, S. A., S. Bingham, M. Sharpe, and D. R. Jackson (2017), Flare 
forecasting at the Met Office Space Weather Operations Centre, Space 
Weather, 15, 577–588, doi:10.1002/2016SW001579.
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CME analysis tools
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Kp forecast

Translating shock into Kp forecast?

Subjective

• Forecast shock speed (density )
• SIR presence
• Magnetosphere pre-conditioning
• Time of year
• Experience – lots
• Assume a degree of –ve Bz



Reality
Producing ‘good’ forecasts 
in the ‘real World’
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Little, or no, coronagraph imagery

Helps address
Speed vs angle 

dependency

No coronagraph images?

Use shock speed from radio bursts

40% - 60% shock speed

Credit
D Biesecker



• Derive a best estimate fit 
from observations using 
CAT (liable to user 
biases)

• Sample from a uniform 
distribution of CME 
parameters centered on 
the best estimate fit:

• Lat/lon: +/-5°

• Cone angle: 15°

• Radial velocity: +/-20% 

ENLIL CME Ensemble
24 members - operational



CME accuracy



Development plans



Heliospheric domain
•ENLIL background wind upgrade 

ØImplement ADAPT ensembles
ØReplace WSA with NLFF 
model
ØInner boundary from IPS 
observations

•ENLIL Data Assimilation 
•Enlil boundary extension ~5 AU •SPARX Operational SEP 

Forecasting

•Operational enhanced flare 
forecasting and solar 
analysis tools

Solar, corona, solar wind

Jan 2018: 
ENLIL 

upgrade 
(ADAPT / 
NLFFF)

May 2018: 
SPARX 

operational

Spring 
2019: 
ENLIL 

upgrade (II) 
incl. IPS

Summer 2019: 
Improved 

operational flare 
forecasts, solar 

AR analyses

2024: 
ENLIL DA 

(dependent 
on L5)



Near Earth domain
magnetosphere, radiation belts, thermosphere, ionosphere, upper atmosphere

•Aurora forecast implementation
•Radiation belt model
• Ionospheric scintillation model  
•Magnetospheric model
•Raising UM roof to thermosphere 
•Ground E field model 
•Assimilative atmospheric radiation model 

Summer 
2017: 

Implement 
OVATION 

aurora 
forecast

Summer 2018: 
Magnetosphere 

model pre-
operational

Dec 2018: 
Implement 

assimilatiive
atmospheric 

radiation 
model

Spring 2019 
Electric field 

model 
implementation

Spring 2021: 
Raise UM to 

lower 
thermosphere

2023 – Coupled 
Sun to Earth 

modelling 
system





Thoughts and issues
Subtitle:

What is going on in my head

What this project might want to consider



My thoughts and issues

• Good models + expert forecasters produce the best 
forecasts

• Don’t forget the human forecaster
• How do optimise the man-machine mix?

• Understand what the user wants and how they will 
use forecasts

• UK National Grid don’t want GIC forecasts
• dB/dT or E field



My thoughts and issues

• Good models + expert forecasters produce the best 
forecasts

• Understand what the user wants and how they will 
use forecasts

• UK National Grid don’t want GIC forecasts
• dB/dT or E field

• What do we do if/when LASCO fails
• Use SDO imagery?
• IPS?
• Other?



My thoughts and issues (2)

• National Grid want 5 to 7 day ahead dB/dT forecasts
• Using magnetospheric model how to extend beyond 30 

mins
• ENLIL (or EUHFORIA)

• Carry a meaningful magnetic field
• Can we determine what that magnetic field should be?
• Realistic density
• Output too ‘smooth’ add realistic ‘synthetic’ noise?

• Do we go for a statistical approach?
• Currently we discuss AR complexity

• Can we better discriminate which ARs have potential 
for a significant eruption?



My thoughts and issues (3)

• How can we maximise benefit of CME ensembles
• How can we constrain an ENLIL ensemble

• 24 CMEs * 12 ADAPT members
• After shock arrival – can we predict L1 Bz evolution?
• Better understand local storm intensification / sub-storms

• Local dusk – midnight & pre-dawn periods
• Predict sub-storm occurrence



Project challenge

• Balance between blue skies & applied? 
(customer focussed)

• Increasing our scientific understanding is 
vital

• How do we use this knowledge?
• How can we maximise value?



Thank you

Any questions?


