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Severe Space Weather –
Societal and Economic Impacts 
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Our concern is well founded.Our Nation depends on reliable access to advanced technologies, such as GPS and satellite communications, and the operations of this technology infrastructure requires a stable energy distribution network.  And while this very technology has reduced our risk to many kinds of natural disasters, we have introduced a new vulnerability by our dependence on these systems for almost everything we do today. With the global nature of space weather storms, no other natural occurring phenomenon has the potential to be so far reaching in its impact to mankind.



Space Weather Impacts – 4 Nov 2015
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“Flights disappeared from radar screens in Swedish air traffic control towers 
during the blackout, which lasted about an hour”
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Extreme Events: Carrington – Sep 1-2, 1859

Visible Aurora, Sep 2 

“All our exchanges, from the northern coast of the Island of 
Cuba gave glowing descriptions of the Aurora Borealis - as 
bright in the tropics as in the northern zones”
New Orleans Daily Picayune, September 7, 1859

18 hours later…



Space Weather Awareness

 Congress – Grid Reliability and Infrastructure Defense (GRID) Act, 
S. 2158; Critical Infrastructure Protection Act, H.R. 1073

 U.S. Regulatory Action – FERC reliability standards

 Space weather in Strategic National Risk Assessment

 FEMA Federal Interagency Response Plan – Will include a Long –
Term Power Outage Annex

 International – UN World Meteorological Organization Inter-
Programme Coordination Team on Space Weather; FAA and UN 
International Civil Aviation Organization; NATO space weather 
teams including Transport

Multiple efforts underway to address space weather, across 
government agencies and the private sector – nationally 
and internationally



National Space Weather Strategy

Nov 2014 – Space Weather Operations, Research, 
and Mitigation (SWORM) Task Force is established

Tasked to develop:
• National Space Weather 

Strategy (NSWS)
• Space Weather Action Plan
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A cohesive all-of-government strategy was necessary to 
ensure the federal government was positioned to mitigate, 
respond to and recover from a major space weather storm



• Multi-agency effort
• All Actions coordinated with White House Office              

of Science and Technology Policy, National Security 
Council, and Office of Management and Budget 

• Public Comment Period - stakeholders provided input 
and feedback on National Strategy 

National Space Weather Strategy –
Whole Enterprise Involvement

Strategy will require us to strengthen our interagency,  
public-private and international partnerships, in a 

whole community approach.



National Space Weather Strategy – Structure
Strategy articulates six high-level goals 

1. Establish Benchmarks for Space-Weather Events 
2. Enhance Response and Recovery Capabilities 
3. Improve Protection and Mitigation Efforts 
4. Improve Assessment, Modeling, and Prediction of 

Impacts on Critical Infrastructure 
5. Improve Space-Weather Services through 

Advancing Understanding and Forecasting 
6. Increase International Cooperation 
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The NSWAP establishes specific 
activities with:
• implementation timelines
• detailed actions
• specific agency assignments

A National Space Weather Action Plan (NSWAP) 
establishes a process to implement the National 
Space Weather Strategy

National Space Weather Action Plan
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4.1.1 DHS, in collaboration with Sector Specific Agencies (SSAs), 
will assess the vulnerability of critical infrastructure to space-
weather events (as described in Goal 1). The assessment will 
include interdependencies and failure modes among sectors that 
can lead to cascading failures and will identify gaps where 
scientific or engineering research is required to understand or 
mitigate risks to critical infrastructure. 
Deliverable: Complete assessment reports 
Timeline: The initial assessments will be completed within 18 
months of the development of Phase 1 benchmarks. 
Reevaluations based on the Phase 2 benchmarks will be 
completed within 1 year of the development of Phase 2 
benchmarks 

4.1 Assess the Vulnerability of Critical Infrastructure Systems 
to Space Weather 



6.3.2 DOT, in coordination with DOC and DOD, will lead U.S. 
efforts to develop international standards for the provision of 
space-weather information for international air navigation.
Deliverable: Develop proposal for ICAO
Timeline: Within 1 year of the publication of this Action Plan

6.3 Strengthen International Coordination and Cooperation on 
Space-Weather Products and Services 

4.2 Develop a Real-Time Infrastructure Assessment and Reporting 
Capability 

4.2.5 DOC and DOT, in coordination with NASA, academia, the 
private sector, and international partners, will develop or improve 
models for assessment of radiation at commercial flight altitudes. 
Deliverable: Develop commercial aviation radiation-environment 
models ready for operational transition 
Timeline: Within 2 years of the publication of this Action Plan 



The Way Forward
Ensuring effective implementation

• Currently defining effort to oversee 
implementation of Action Plan

• Oversight of Action Plan will be led by 
White House with full agency involvement 

• Working groups will focus on specific tasks
• Semi-annual reporting



International
Update on recent developments in the 

UN International Civil Aviation 
Organization (ICAO) and World 

Meteorological Organization (WMO) on 
the provision of space weather 
information for international air 

navigation.



The Air Navigation Commission (ANC) considers and recommends 
Standards and Recommended Practices (SARPs) and Procedures for Air 
Navigation Services (PANS) for adoption or approval by the ICAO Council. 
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Presentation Notes
The Assembly, composed of representatives from all Contracting States, is the sovereign body of ICAO. It meets every three years, reviewing in detail the work of the Organization and setting policy for the coming years. It also votes a triennial budget.�The Council, the governing body which is elected by the Assembly for a three-year term, is composed of 36 States. The Assembly chooses the Council Member States under three headings: States of chief importance in air transport, States which make the largest contribution to the provision of facilities for air navigation, and States whose designation will ensure that all major areas of the world are represented. As the governing body, the Council gives continuing direction to the work of ICAO. It is in the Council that Standards and Recommended Practices are adopted and incorporated as Annexes to the Convention on International Civil Aviation. The Council is assisted by the Air Navigation Commission (technical matters), the Air Transport Committee (economic matters), the Committee on Joint Support of Air Navigation Services and the Finance Committee.The Secretariat, headed by a Secretary General, is divided into five main divisions: the Air Navigation Bureau, the Air Transport Bureau, the Technical Co-operation Bureau, the Legal Bureau and the Bureau of Administration and Services. In order that the work of the Secretariat reflects a truly international perspective, professional-level personnel are recruited on a broad geographical basis.ANC:The Commission is composed of nineteen members 



In 2014, ICAO completed a significant reorganization of the 
Secretariat and the panel structure

There are now 17 ICAO panels, the METP is one of 
approximately 11 new or “rebranded” panels

ICAO Meteorology Panel (METP)

The METP shall:

• determine operational requirements for aeronautical MET service 
provision as an enabling function for a future globally interoperable air 
traffic management system

• identify solutions, in coordination with WMO, to effectively and 
efficiently fulfil the requirements through sound scientific and/or 
technological capabilities. 
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Presentation Notes
the work program we have identified that will lead to the development and implementation of a standard and recommended practice for the provision of space weather information.goal is to have global harmonization of procedures and information as defined in the ICAO Global Air Navigation Plan wthe job card defines the problem and issues to be resolved. the MET Panel reports to the Air Navigation Commission (ANC). The ANC defines the tasks or actions that the Panel needs to address to find an operational solution. Finalize the ConOps, the functional and performance requirements and then develop selection criteria for who can be a provider of this information.  All of this leads to development of standard and recommended practice for the provision of space weather information in support of aviation.  Nothing happens until the ANC approves the recommendation provided by the METP and then ICAO via a State Letter as part of the amendment process for Annex 3 ill ask States to comment on this action along with any other change being proposed.  Implementation is November 2018.Remotely Piloted Aircraft Systems (RPAS) Panel - panel’s current focus “is on development of standards and recommended practices (SARPs) for adoption by the Council of ICAO in 2018 related to airworthiness, operations (including RPAS operator certification) and licensing of remote pilots,” 



MET Panel Organization 
MET Panel organized its work program around 11 job 
cards provided by the Secretary 
• Job Cards are unique to ICAO and define what work 

needs to be done by any ICAO Panel.

• MET Panel 
established four
working groups 
to complete work 
program 

• Job Card on space
weather



Job Card defines work program that will lead to the development 
and implementation of a standard and recommended practice for 
the provision of space weather information. 



“An ICAO expert group, in close coordination with WMO, will 
develop provisions for information on space weather to 
international air navigation. The development should specifically 
address:

a) requirements for space weather information services 
consistent with the draft concept of operations for space 
weather information services;

b) selection criteria and associated capability for the 
designation of global and regional space weather centres, 
including the optimum number thereof.”

Space Weather Job Card



World Meteorological Organization (WMO)

WMO is the scientific body that ICAO works with to help 
define Meteorological services.  

ICAO defines the operational requirement  for the service and 
consults with WMO on how services can be provided 

WMO uses requirements to screen potential Provider States 
based on the functional and performance requirements.

At the WMO Executive Council (2009), it was agreed that a 
space weather expert group was needed:



Inter-Program Coordination Team on Space 
Weather (ICTSW)

ICTSW established in May 2010 

Proposed by WMO Commission for Basic Systems supported 
by the Commission for Aeronautical Meteorology

• Function: Harmonize definition of end-products and 
services in interactions with aviation and other major 
application sectors

ICTSW will work closely with ICAO on Space weather 
requirements and will assist in defining capabilities of the 
global and regional service centers. 



Space Weather Timeline
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13SARPs - Standards and Recommended Practices 



THANK YOU!
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Additional Slides



Solar Flare (Radio Burst) Impact on GPS – 6 Dec 2006

~10 minsGPSOC at Schriever AFB 
- “At approximately 6 Dec/1930Z there was a widespread loss of GPS in the Mountain 
States region. Several aircraft reported losing lock on GPS…were tracking 7-9 satellites, 
and abruptly lost lock and were tracking 0-1.” 



6-7 March 2012:  “Severe impact at 2249Z 
initially affecting CWP [Central West 
Pacific] but by 2400Z, impact peaked and 
was affecting all communications. 25 ATC 
messages were delayed.”  

- Air Traffic Communications

7 March 2012: INCERFA was issued 
for Air Canada 003 (Vancouver to 
Tokyo) until communications were 
established with the flight.

(INCERFA is issued when there is 
uncertainty as to the safety of an 
aircraft and its occupants.) 

March 2012 Impacts on Aviation
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Carrington Event

“Happening to lean towards the sounder, my 
forehead grazed a ground wire. Immediately I 
received a very severe electric shock. An old man 
sitting facing me said he saw a spark of fire jump 
from my forehead to the sounder”

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=p4k4vEOScv6vWM&tbnid=Ajv1EmRtv18tGM:&ved=&url=http://www.vehrcommunications.com/google-china-twitter-the-telegraph/&ei=Z4pnUdeWG7PA4AOh4YDQBg&bvm=bv.45175338,d.dmg&psig=AFQjCNEu4ge_X26qUs2OR5BLl4DFcVR-sA&ust=1365826535813549
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=p4k4vEOScv6vWM&tbnid=Ajv1EmRtv18tGM:&ved=&url=http://www.vehrcommunications.com/google-china-twitter-the-telegraph/&ei=Z4pnUdeWG7PA4AOh4YDQBg&bvm=bv.45175338,d.dmg&psig=AFQjCNEu4ge_X26qUs2OR5BLl4DFcVR-sA&ust=1365826535813549


May 1921 Geomagnetic Storm 



• US population at risk of extended power outage: 20-40 mil
• Duration: 16 days to 1-2 years
• Economic cost: $0.6-2.6 trillion USD
• Highest Risk: DC-NYC corridor
• Gulf Coast states, including Florida, identified as a "high 

risk" area.

Lloyds Report (21 May 2013): Solar Storm Risk to the 
North American Electric Grid

www.lloyds.com/news-and-insight/risk-insight
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