SG-SWFDP /Doc. n(m), p. 2

	WORLD METEOROLOGICAL ORGANIZATION

COMMISSION FOR BASIC SYSTEMS
OPAG on DPFS

IMPLEMENTATION COORDINATION TEAM
Exeter, UK, 23 – 27 May 2016

	
	CBS-DPFS/ICT/Doc. 5.3
(18.V.2016)

_______

Agenda item : 5.3
ENGLISH ONLY


OPAG-DPFS ACTIVITIES IN SPACE WEATHER 

IN COOPERATION WITH SAT AND AeM
(Submitted by T. Onsager (USA), X. Zhang (China) and J. Lafeuille (Secretariat))

Summary and purpose of document

This document recalls the status of space weather activities within WMO and gives highlights of the Four-year plan for space weather related activities 2016-2019, with emphasis on the aspects of relevance to DPFS. 
In the expectation that space weather issues would rapidly move towards service provision, CBS-MG-16 decided that the future CAeM-CBS coordinating body of space weather within WMO, IPT-SWISS, should report to OPAG DPFS.

_______________________________________________________
Action Proposed

The meeting is invited to 
-
develop its action plan to contribute to the 2016-2019 Four-year plan for space weather-related activities and nominate task leads and focal points as appropriate;
-
make provisions, for the establishment and future meetings of IPT-SWISS, in cooperation with CAeM, noting the need to foster participation of  WMO Members with mature service capabilities as well as Members with exploratory or emerging interest.
Reference(s):

- Four-year plan for space weather related activities 
WMO SPACE WEATHER ACTIVITIES WITH RELEVANCE TO DPFS

1. Request from the 17th World Meteorological Congress

“4.2.4.36.
Congress agreed that WMO should undertake international coordination of operational space weather monitoring and forecasting with a view to support the protection of life, property and critical infrastructures and the impacted economic activities, in an optimized overall effort. In providing a global intergovernmental framework, WMO would facilitate international commitments and enable the establishment of operational space weather services, in particular in the context of the support to ICAO. Congress requested that just as space weather observation requirements have been developed within the Rolling Review of Requirements, space weather observations be integrated into WIGOS. An integrative approach should also be used as concerns data sharing and management within the WIS, data processing within the Global Data Processing and Forecasting System (GDPFS) and decision support services within our Services Delivery and Disaster Risk Reduction activities. Congress adopted Resolution 4.2.4(2)/1 ― Four‑year plan for WMO coordination of space weather activities.”

2. Space weather

Space Weather is the physical and phenomenological state of the natural space environment, including the Sun and the interplanetary and planetary environments.

Earth’s space environment, ranging from the upper atmosphere to the Sun, is impacted both from solar disturbances as well as from upward propagating atmospheric disturbances. Solar eruptions release intense bursts of electromagnetic radiation that reaches Earth in eight minutes and can cause communication outages. These energetic eruptions also include Coronal Mass Ejections (CMEs), which are large bursts of magnetized plasma that propagate through interplanetary space and can reach Earth within one to three days. While en route to Earth, CMEs drive shock waves that accelerate the ambient particles to high energies, and these energetic particles can damage satellite electronics, create communication outages for aircraft on polar routes, and can represent a radiation risk for astronauts and passengers on aircraft. When the CMEs reach Earth’s immediate magnetic environment, they can drive severe geomagnetic storms that can disrupt electric power generation, and they disturb the ionosphere, reducing the reliability and accuracy of GNSS systems.

3. Operational space weather services

Space weather is an area of emerging importance with the recognized need for effective international cooperation. Although the provision of space weather services has been an important activity since the early 1900s, it has only been in the past decade or so that the need for expanded capabilities has occurred, driven, for example, by a dramatic increase in the use of polar airline routes, expanded uses of satellite-based navigation and timing, increased vulnerability of electric power grids, and an overall rise in society’s dependence on a technological infrastructure with vulnerabilities to space weather.

It is now well recognized that space weather presents significant risks to a nation’s economy and to the safety of its citizens. Space weather is now included in the United Kingdom National Risk Register of Civil Emergencies [see https://update.cabinetoffice.gov.uk/sites/default/files/resources/

CO_NationalRiskRegister_2012_acc.pdf]. The register outlines the major space weather risk areas, including electric power, satellites, and aviation, and it highlights the need to improve our understanding of the risks and to put in place plans for mitigating action. Similarly, space weather is included in the Republic of Korea’s National Risk Profile, whereby the roles and responsibilities of agencies and ministries are being defined. In Sweden, the risk of space weather extreme events is addressed by the Civil Contingencies Agency. Within the United States, a new National Space Weather Strategy and Action Plan were recently released (October, 2015) by the National Science and Technology Council within the Executive Office of the President. The Action Plan includes national and international activities covering all aspects of the space weather enterprise, including research, observations, services, and risk mitigation.

Actions are being taken today by industries and governments around the globe. For example, the International Civil Aviation Organization (ICAO) is drafting requirements for space weather services to protect against communication outages, navigation errors and radiation risks. There are concerns with the growing congestion in the airspace, the growing use of unmanned vehicles, and also the inevitability of commercial space transportation, which will fill in the space between today’s astronaut and today’s airline passenger. The electric power industry is developing benchmark levels to ensure the stress of geomagnetic storms can be withstood. Space weather is increasingly being recognized and integrated into plans for precision navigation capabilities. 

The long-term improvement of the needed space weather services requires coordinated, committed partners from around the world. International cooperation is necessary to create a shared satellite-based observing system for our critical observations, to maintain reliable access to regional data, to advance our service capabilities, and to ensure the global consistency of the end products that are delivered. 

Space weather events involve a number of physical processes from their onset at the Sun to their impact on Earth. Models are available or being developed, with different stages of maturity, for several steps of these processes. Although data assimilation is being used for models of the ionosphere, the development of data assimilation capabilities for the majority of the Sun-Earth system is only in its earliest stages.
4. Space weather four-year plan

A four-year plan was presented to Cg-17 in a draft form and is submitted in final form to the 68th session of the Executive Council for approval, upon recommendation from CAeM and CBS.  The four-year plan for space weather activities was developed in recognition of the increasing societal demand for space weather services and the need for global coordination. The plan includes first and second priority actions at three levels: the system level (observations, data exchange, analysis and forecasting); the products and services level (identification of user requirements, development of best practices in key application areas such as aviation, public safety and infrastructures, training and capacity building); and the strategic level (communication, coordination, and partnership).

A major aspect of this plan is to support high-level coordination of ground- and space-based space weather observing capabilities to ensure sustained availability, quality and interoperability of essential observations for space weather warning and related services. It also aims to optimize the overall cost of the observing system through integration of space weather observing systems as component systems of WIGOS. 
The part of the plan which is the most directly relevant to DPFS is Section 3.6 “Evaluating space weather analysis and forecasting methods, promoting transition of mature research models to operations and synergy with climate/weather modelling”  (See Table 1), with the following goals.

· To ensure that space weather analysis, modelling and forecasting methods allow the delivery of operational services on the best possible scientific basis; 

· To facilitate the transfer of technical and scientific advances from research to operations;

· To promote synergy between the space weather and the meteorological/climate communities and activities and advance the understanding of space weather impacts on weather and climate processes.

There is an expectation in the space weather community that the development of operational, data-assimilative, predictive models, will benefit from the experience of advanced weather and climate prediction, and from initiatives for model coupling and evaluation. The dialogue between the research and operational space weather communities should be encouraged with a view to regularly assess methods and services potentially mature for operational use. The dialogue should also be encouraged between the space weather and the meteorological/climate communities.

TABLE 1: Actions identified in Section 3.6 of the four-year plan

	First priority actions
	Deliverable
	Time frame

	Share lessons-learned in the usage of space weather models in daily forecasting activities
	Handbook for good practices in space weather forecasting
	2017

	Define skill scores and other verification techniques to assess the potential value of existing research models for user-oriented services
	Objective evaluation of existing models
	2018

	Other actions (Long term or lower priority)
	Deliverable
	Time frame

	Workshops on space weather impacts on Essential Climate Variables
	Improved understanding of space weather– climate linkages
	2017

	Evaluate the benefit of whole atmosphere models (from the surface to the top of the thermosphere) used in conjunction with other space weather models

	Impact evaluation of whole atmosphere models
	2018

	Workshop on data-assimilation capabilities for Sun-Earth system models to improve forecast skill 
	Guidelines for utilization of available data in numerical prediction models 
	2019


5. Organizational aspects

Space weather matters are currently addressed through the Inter-programme Coordination Team on Space Weather (ICTSW) which involves experts from 26 Member States and several international organizations. ICTSW was jointly established by CBS and CAeM, each technical commission  designating a co-chair. A Space Weather Trust Fund has been established to enable Members to fund this activity on a voluntary basis, but voluntary funding has not materialized yet. 

With the adoption of the Four-year Plan, ICTSW will be replaced by the Inter-Programme Team on Space Weather Information, Systems and Services (IPT-SWISS) which will coordinate space weather activities throughout WMO and jointly report to CBS and CAeM as illustrated in Figure 1.
The CBS-Management Group (CBS-MG-16, 11-15 Feb 2016) discussed the practical mechanisms for IPT-SWISS to report to CBS and decided to give this responsibility to an existing OPAG in order to reduce the number of reporting channels. Upon proposal from the OPAG-DPFS Chair, in the expectation that space weather issues would rapidly move towards service provision, CBS-MG decided that IPT-SWISS should report to CBS within the OPAG DPFS (See Fig. 2). 
It is important to note that the level of maturity of space weather capabilities varies considerably among WMO members. Whereas some members have extensive operational service capabilities, others have only modest capabilities, while still others currently have an interest only in exploring how or if they may initiate some activity. One highly successful aspect of the current ICTSW is that it allows a forum for all Members with any level of interest or maturity to participate in and contribute to space weather related activities and discussions. As the procedures for IPT-SWISS membership and participation are developed, it is essential that a focus is maintained both on robust service provision and on the inclusion of Members with an exploratory or emerging interest.

6. Conclusions

The ICT-DPFS is invited to:

· develop its action plan to contribute to the 2016-2019 Four-year plan for space weather-related activities and nominate task leads and focal points as appropriate;
· make provisions, in cooperation with CAeM, for the establishment and future meetings of IPT-SWISS, noting the need to foster participation of WMO Members with mature service capabilities as well as Members with exploratory or emerging interest.
______________________


Figure 1: (Extracted from the Four-year Plan) Organization of space weather activities. 
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Figure 2: Reporting lines to IPT-SWISS and from IPT-SWISS to CBS and CAeM
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