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A recognised risk 

• Space weather now widely recognised as a 

risk that must be considered in national & 

international resilience planning: 

– UK, Sweden, Netherlands, US, … 

– EU, OECD, NATO-CEP, …  
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A recognised risk 

• Space weather now widely recognised as a 

risk that must be considered in national & 

international resilience planning: 

– UK, Sweden, Netherlands, US, … 

– EU, OECD, NATO-CEP, … 

• The (political) challenge now is to consider the  

scale and detail of mitigation 

– ultimately an economic case, but for now 

– what is the science that links L5 data to that case? 

– and how do we avoid hyperbole?  
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Solar flares & 

the prophets of doom 

  

• As with all big risks,  space weather  appeals to our love 

of scare stories (a current favourite of the media!)  

– So public discussion spans whole range of ideas from end-of-

civilisation-as-we-know-it to it-can’t-happen-here. 

 

 



Solar flares & 

the prophets of doom 

  

• As with all big risks,  space weather  appeals to our love 

of scare stories (a current favourite of the media!)  

– So public discussion spans whole range of ideas from end-of-

civilisation-as-we-know-it to it-can’t-happen-here. 

• So we have to work hard to provide balance 

– What is the real level of risk? And what can we do about it? 

– Show how science and engineering knowledge transcends 

personal and organisational experience (20-year horizon?) 

– Most economic impact arises from geomagnetic activity: power 

is critical impact politically, (but GNSS is also growing issue) 

– What are key drivers? Coronal mass ejections!  Also stream 

interaction regions.  

 

 



St Patrick’s Day  

solar storm 2015 

  
• Largest geomagnetic storm,         

so far, of this solar cycle 

• Major disturbance of ionosphere: 

– Night-time ionosphere over S. England 

heavily depleted, compared to normal 

– EGNOS (GPS correction system) 

degraded, see left (red = best 

performance, blue = worst) 

• Aurora seen in north of UK 

• Cause may be interaction of CME 

& solar wind stream 

– Shows need for better solar wind 

monitoring @ L1 and L5 

 

 

16 Mar 

17 Mar 



Growing range 

of impact studies 
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RAEng study (2013):  

peer-reviewed 

 

 

 

 

 

 

 

 

 

 

 

NAS workshop (2008) 

verbatim report 

 

 

 

 

 

 

 

 
 

 

NERC/DOE  

HILF report (2010) 

 

 

 

 

 

 

 

 
 

NERC GMD report (2012) 

Progress of studies since 2010 points to impacts 

in billions of dollars/pounds/Euros, NOT trillions. 

 

Essentially days of GDP, not years 

 

Reinforced by growing emphasis on regional 

impacts on space weather environments 



Localising the risk: 
the two faces of the aurora 
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Close to auroral 

oval; at risk when it 

expands. Substorms 

are critical driver  

(AE, local B, Kp ) 

Lower latitudes; ring 

current is key driver 

(Dst) 



The importance 

of sub-storms (Dungey cycle) 

– Fundamental dynamic of 

externally-driven 

magnetospheres (Earth, 

Saturn, ….) 

– Focuses energy from solar 

wind into bursts that are 

localised in space & time 

 

 

  

– Big storms comprise a series of sub-storms which structure 

the ground impacts (when, where, repetition, ...) 

– Key challenge: how can solar wind monitoring and modelling 

(e.g. L5) can support better sub-storm forecasts: 
– E.g. via SWPC/CCMC geospace modelling work 
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Regional impact: 
a key issue for understanding? 

• dB/dt => Egeo => GIC 

• Intense dB/dt events 

thought to be spatially 

limited (~ 100 kms) 

– As in dB/dt map for 2241 

UT on 4 Aug 1972 (left) 

– Probably linked to vortex 

structures in ionosphere & 

magnetosphere 

– as seen in aurora 

– consistent with basic 

physics of space plasmas 
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Anderson et al, 1974 
Courtesy @planetepics 



The March 1989 storm 

Data courtesy 

Kyoto & UKSSDC 
AU => eastward electrojet 

AL => westward electrojet 



The storm in Canada: 
Ottawa magnetometer 
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Grid collapse 

07:44:17-07:45:31  

Grid restored 

~17:00? 

Strong evidence 

that second CME 

arrived ~07:40 

Data courtesy 

NRCan & NGDC 



Eskdalemuir 

Chambon la 

Fôret 

Wingst 

Hartland 

Indian 
Queens 

Norwich 
Valentia 

Dourbes 

Now to Europe … 



The Storm in S. England 
Hartland magnetometer 
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Quebec grid 

collapse 

Power effects 

in UK 

Data courtesy 

BGS 

Aurora over 

Oxfordshire (MH) 

2140UT: “huge fan-

shaped aurora in the 

north”, “magnificent rays” 

01:51 14 Mar 1989 

NASA/DE 



 A wider picture 
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Data courtesy 

BGS (Hartland), 

GFZ/NGDC 

(Wingst), 

IPGP (Chambon 

le Fôret) 

 

Vectors 

are XY 

deviation 

from 

mean XY 



Rotating fields 

• Hodogram confirms 

rotating fields in 1989 

event over UK 

– Peak around 21:40/13 

shows clear rotation 

– Also later peak at 

01:50/14, but opposite 

sense of rotation 

 

 

© 2015 RAL Space  

Data courtesy 

BGS 

Hartland XY 

magnetic data 12-

14 Mar 1989 



Summary 

• Case for L5 space weather must be underpinned by 

realistic assessment of impact (esp. on power grids) 

– Engineering studies now suggest impacts of billions, not trillions. 

– Science of sub-storms reinforces this message; they drive intense 

localised features in auroral current systems  

– So individual sub-storms have regional impact (but series of sub-

storms may impact multiple regions, eg Canada & UK as in 1989) 

• Important to explore how L5 data can drive geospace 

models that include sub-storms 

– Not just older global response models (eg Kp forecasts)  

• But also important to avoid hyperbole in our case 

– There is increasing awareness of space weather hyperbole in 

policy community; they stress the reasonable worst case 
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SPARES 
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Geospace: focusing of space 

weather by Earth’s magnetosphere 
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Plasma & 

radiation 
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Electric currents in the 

Earth … and the grid 

• Magstorms add 
quasi-DC 
electric currents 
to power grids 

• Also other 
grounded 
infrastructure 
– Ocean cable 

power systems 

– Pipelines 

– Railway circuits 



  

• Nat Grid needs better 

multi-day forecasts of 

magstorms 
• Drive mitigation with 

higher skill score 

forecasts 

• Less false alarms 

• Improve multi-day 

forecasts of eruptions  
• Track source 50 deg 

ahead of eruption! 

• COSPAR Roadmap 

Predicting 

solar eruptions: 
a long-term goal 



And finally … 
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27 Feb 2014: 

• major aurora 

seen across UK 
• great timing & 

superb skies  

• and tall aurora! 

• a wonderful natural 

phenomenon 

• Key points 
• UK is close to 

auroral zone => 

high SpW risk 

• Major focus for 

public engagement 

https://www.youtube.com/watch?v=RNIqVONI_ZA 

https://www.youtube.com/watch?v=RNIqVONI_ZA
https://www.youtube.com/watch?v=RNIqVONI_ZA

