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==<~>  MOSWOC - Introduction

Met Office

Based at Met Office HQ Exeter

One of only three 24x7 centres:
« MOSWOC, SWPC & 557t

Only one outside USA

* |n-house science & models

www.metoffice.gov.uk © Crown copyright
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MOSWOC - Origins

The UK National Risk Register (NRR)

CataStrop -- .
Coastal flooding
Widespread electricity failure

Moderate

Likelihood

Severe space weather
Major transport Effusive volcanic eruptions
accidents Low temperatures & heavy sSnow
Emerging infectious diseases
Major industrial Heatwaves
accidents Inland flooding
Poor air quality events

Public disorder : : : : ;
Animal diseases Explosive volcanic eruption
Severe wildfires
Drought Storms & gales
T -

Between 1 in 2,000 Between 1 in 200 and 1 in 20 Between1in20and 1in2

and 1 in 200

Eyja volcanic eruption 2010
Review of UK natural hazards
Space Weather added 2011
4th highest risk!

Forecast capability needed

Met Office made risk owner:
« 24 X 7 operations
 IT infrastructure
« Partnerships ...
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w" MOSWOC - Evolution
Met Office

Dec 2013 Oct 2014
Jan 2012 === Cr=u =
Feb 2011 Se—ee=s Funding secured MOSWOC

Initial customer
bliaf\ﬁplvls%;% engagement (E4.6m from UK Govt.) official opening

2013

Met Office B - Feb 2013
visit SWPC ‘f'c;.-?};" RAE Report:
T T = Impacts on UK 29 Apr 2014
Nov 2011 Increase national MOSWOC 24x7;
Forecaster understanding Daily forecasts begin
training Justify investment
at SWPC in MOSWOC




> MOSWOC - Capabllities
Met Office
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Visualisation GUI
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ﬁ MOSWOC - Services — Key Product

Met Office

Key Product:

Twice-daily 4-day forecast
Midday and midnight UTC

Flares, geomagnetism, e
radiation Storms, electrons |- ———-—-————————————

“Technical’ and Plain
Language versions

Online or PDF by emaill

www.metoffice.gov.uk
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Met Office

Satellite systems impact matrices:
« SATCOM (VHF to EHF)

* Terrestrial comms (VLF to EHF)
 GNSS/GPS

* Regional products

www.metoffice.gov.uk

MOSWOC — Services — Impact Matrix

Met Office Space Weather Operations Centre (MO SWO(

“EXERCISE* “*EXERCISE™

Space Weather Impact on SATCOM Assessment

Issued: 30 October 2015

High Latitude | " |
e W[ w] s | [wiw]|s
T i B N

Comments: High risk of further R3 blackouts continues, 54 storm in
progress (affecting high lats) and minor-moderate geomagnetic
storms possible.

1 ooberaots | [une [ | [vie [une | e
High Latitude “ “

Mid latitude

| | | |
Equatorisl | s [m] s| [s[m]s|

Comments: High risk of further R3 blackouts continues, 54 storm in
progress (affecting high lats) and strong/severe (G3-G4) geomagnetic
storms possible during the morning.

pgh vwss [l 5 | [0 s
CETETPN N O A
oot | s [w[s| [ s [w]s

Comments: R3 strong radio blackouts and G1-G2 minor storms a
continuing risk resulting in slight to moderate signal degredation. 54
radiation storm should decrease to S3.

L on this prod uld be welcomed and should be directe

v ]

Comments: As morning but with a risk of
strong/severe (G3-G4) geomagnetic storms.

Unfavourable

“ Moderate impacts |
“ slight degradation
:

High latitude
- Mid latitude
¥

Equatorial
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ﬁ MOSWOC — Enlil for other planets!
Met Office

RSNy

Radal Velocity (kmys)

Forecasts for Mercury,
Venus and Mars also

Enlil output direct to ESA
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Assessment of accuracy s e

© Crown copyright. Met Office Run Time. 2018-12-17 00.00 UT Mode: CME Image Created. 2018.12.17 0354 UT,

Jupiter next..?
Radal Veloaity (kmis)
MARS

WETES

Badal Velacily (km/s)

www.metoffice.gov.uk © Crown copyright. Met Office Run Time: 2018-12-17 00:00 UT Mode: CME Image Created: 2018-12-17 0354 UT,
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==<2> MOSWOC - Watches, Warnings and Alerts

Met Office

Watches — hours to days

Geomagnetic Storm = G3

Warnings — minutes to hours

Geomagnetic Storm = G3
Proton storms = S1

Integrated electron counts

Geomagnetic Alerts = G1
Radio Blackout Alerts = R2

Proton Storms = S1

www.metoffice.gov.uk

B

Abert msued by the Met Ofhce at 16052013 0E:50:(0L

Motificaton Type Radio Blackout Alert

Exceaded [hreshold: R4 .
Alert

Threshold Class: X15

Star Date & Time: 160202013 U450y E x a I-'n I:]' I e

Data Source: GOES15

Forecaster Text

wolar Actraty - An extreme radio flare has been detected impactng the UK

Fotenbiad in

HF Rado: HF rado communicaton blackoust is ikely on most of the suniit side of Earth forup
to a few hours, HF rades contact lost ::Iu:':"-::; thes Lime

Ma '.-.l_'|._'-|l b |:::|.,.r._=:-::,-.5-5. of b .'.-.f||;=:_;||_1-|:|-:_: ¥ NaVgalion =_'.|!_'||'|._=|I=:. CHUSE MCTEaSed Sfmor N Poskipnmg
for one to twa hours. Minor disruptions of GNSS (GPS) satelide nawgation possible on the

sunit sade of Earth

(L) Lrowam r_:r_||'_|','||::'|l'|| et Dflee
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Met Office

Routine:

e Sunspot Region Summary and Flare probability forecast

« Kp forecasts: Daily 3-day, and rolling 24-hour

« Teleconferences

Ad hoc:

« Significant Event Briefings
« EXxercise Support
e 24 x 7 telephone support

« Space Weather Training

www.metoffice.gov.uk

MOSWOC — Other Services

<2 Met Office

Sunspot Region Summary

Observed Sunspot Regions:

Report issued four times a day (0300, 0300, 1500, 2100 UTC) from analysis of NASA SDO
imagery and data from NOAA SWPC.

Growth

’ 2529 | N11WS2 | 342 | § K Bet Decrease

2532 | NOGESS | 237 | : : Increase

Total Raw %

Total Issued %

Comments: Region 2529 continues 1o show signs of decay, with aimost all intermediate
and trailer spots now very tenuous with only rudimentary penumbra at best. However this
region recently (18/0029UTC) produced an M8.7 flare, the largest observed since 25"
June 2015, so still has flare potential. Issued probabilities of M-class flares increased to
30% in light of this. Region 2532 has developed some intermediate spots since previous
analysis, so is now classed Cai (from Cao).

Carrington 0-deg Longitude: at 18/0200 UTC = 280°
Space Weather Advisor:  Gareth Powell

Transmitted by the Met Office on 18 April 2016 at 12.00 UTC
{C) Crown Copyright 2016. All Rights Reserved

== Met Office Kp / Kuk 24 hour Forecast

Forecast |ssued on Friday, 12 September 2014 Time of

Kp/Kuk Level for next 24 hours:
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Met Office

Power

National Grid

EDF Energy
Scottish Power
Northern Powergrid

MOSWOC - Customers

Government Partners

Business Energy and Industrial Strategy
Cabinet Office

UK Space Agency

Department for Transport

Ministry of Defence

Public Health England

Regional and devolved governments

Scientific Institutes

British Geological Survey (BGS)

British Antarctic Survey (BAS)

Swedish Meteorological and Hydrographical
Institute (SMHI)

Finnish Meteorological Institute (FMI)

South Africa National Space Agency (SANSA)
European Space Agency (ESA)

Satellites

Airbus
SES
Avanti

Transport

National Air Traffic Services (NATS)
Civil Aviation Authority (CAA)
Maritime and Coastguard Agency

Telecommunications

British Telecom (BT)
Telefonica
OFCOM

Finance
Bank of England

Military

UK and Overseas

Emergency Services
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ﬁ Potential Impacts on UK

Met Office

 Greatest concern:

« Urban areas — hours to days
 Remote areas — weeks to months / rolling cuts

» Loss of satellite comms and GNSS services:
 Transport — aviation, shipping, rail
* Financial transactions

« Emergency services / military
* Public reaction?

www.metoffice.gov.uk
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UK Space Weather Strategy

Met Office

RESPOND

PREPARE

PREDICT

. UNDERSTAND

Solar
electromagnetic

Y

Solar radio
noise:

L

Wireless Radio
interference absorption

X-ray flare

Effect

System ohSS
impact i

Aviation
radars

Comms

Coronal mass
ejection

Magnetic
storms &
substorms

lonospheric
variations

lonosphere:
scintillation

Satcom

Spacecraft

Slc
tracking

Synthetic
ap. radar

Atmospheric
gravity waves, etc

Convective weather

systems

GNSS

Sic ops

BLEEE
drag

Sic ops

Single

event
effects
)

Gamma rays, high
energy particles

|

Thundercloud/
Lightning

Sat ops:
control

Avionics

Digital
systems

Solar energetic
particle event

Radiation

=T

Aging of s
electronics

Polar radio Radiation
absorption dose

HF T Component
Comms failure

Solar array

Passengers -
power loss

Burnout of
power devices

Radiation
dose

,_l

Galactic
cosmic rays

|

Supernovae
shacks

Spacecraft

Cour

High-speed

solar wind

Enhanced
outer rad belt

Aging of sic

charging electronics

Component
SEEEE failure

Solar array
power loss

tesy Prof M Hapgood

« Common understanding

 Proportionate risk mitigation

« Collective response

« 5-year outlook

* Apply internationally




MULLARD SPACE
SCIENCE LABORATORY

British
» SPACE WEATHER PREDICTION CENTER
® NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION E,,.Efl_s Geological Survey

NATURAL ENVIRONMENT RESEARCH COUNCIL
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Trinity College Dublin UNIVERSITY OF British

Colaiste na Triondide, Baile Atha Cliath -4 Antarctic sur'vey
The University of Dublin AN '

NATURAL ENVIRONMENT RESEARCH COUNCI

@ Facilities Council Government
Office for Science

www.metoffice.gov.uk




Geospace delta B (nT), Polar (fixed LT) : 2017-01-11 09:39:00 UTC
12LT
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L5 mission

delta B (nT)
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» 4
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f weather Prediction Center Model : University of Michigan Geospace (SWMF) : 2017011170545 20170111709 .

Magnetosphere Model . L Training

@ eanni

» UNDERSTAND . PREPARE

D —— UK Space Weather Strategy

PREDICT RESPOND
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==<>> MOSWOC - Summary
Met Office

* Only 24x7 operational space weather forecasting outside of USA

* One of only 3 in the world

« From concept to full operations in 4 years

* Much capabillity in-house

« Utilise partnerships in UK and Internationally to develop science and operations
« Developing UK Space Weather Strategy

« Contribution towards UK, European and global preparedness for space weather

www.metoffice.gov.uk
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Met Office

Any Questions?

gareth.powell@metoffice.gov.uk

moswoc@ metoffice.gov.uk

http:/www.metoffice.gov.uk/space-weather

, @MetOfficeSpace

www.metoffice.gov.uk
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