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Summary and purpose of document

This document provides background information on the current and planned activities related to space weather and their relevance to DPFS.
Action Proposed  

The meeting is invited:

· To consider the possible DPFS support to space weather activities in terms of best practices for data assimilation and model skill verification.

· To promote the development and evaluation of whole atmosphere modelling, including the thermosphere, and the coupling of these models to the ionosphere
Reference:

Draft Four-year Plan for WMO Coordination of Space Weather Activities (Annex to Res. 38/Cg-17): http://library.wmo.int/pmb_ged/wmo_1157_en.pdf#480 

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.

The related discipline, which could be named “Meteorology of space” is commonly designated also by “space weather”. It aims at observing, understanding and predicting the state of the Sun, of the interplanetary and planetary environments, their disturbances, and the potential impacts of these disturbances on biological and technological systems.
Space weather phenomena have primarily their origin on the Sun. Besides the background solar radiation and solar wind of permanent nature, disturbances in the solar magnetic field are causing solar eruptive events. The solar flares release high-energy electro-magnetic radiation (Gamma, X-ray, EUV and UV) reaching the Earth in 8 minutes and solar energetic particles (mainly protons and electrons) which take between 45 minutes to a few hours to reach the Earth. In the upper layer of the Sun, the Corona, eruptive events take the form of Coronal Mass Ejections (CME) which are very large outbursts of magnetized plasma propagating through the interplanetary space with the possibility to reach the Earth within 1 to 3 days. 

When reaching and interacting with the near-Earth environment, these phenomena can generate ionospheric and thermospheric disturbances, radiation storms and geomagnetic storms,  which may cause serious disturbances or catastrophic damages to a number of systems and services such as: radio-propagation, GNSS reliability and accuracy, avionics and satellite on-board electronics, magnetic field readings, satellite atmospheric drag, power grids and power transformers.

3. Operational space weather services

Operational space weather forecasting and warning may be considered as “emerging” when compared to the much more mature meteorological forecasting activity.  Nevertheless this activity has started more than 50 years ago. It is technically coordinated by the International Space Environment Service (ISES) which includes 20 space weather warning centres around the globe. ISES is a network member of the ICSU World Data System and has a working arrangement with WMO.
Space weather information services include:

· Forecasts (1-3 days ahead)  
· Warnings of imminent event  (a few hours to 1 day)

· Nowcasts and alerts (on-going events).
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:

· Statistical models providing a probability forecast of solar eruptions, based on solar imagery and solar magnetic field analysis  (used as an operational support);
· Numerical modeling of the CME propagation through the interplanetary space (used operationally by several centres including USA, UK, Australia, Rep. Korea). The model outputs can be calibrated against observations made at the Lagrange point L1, where 99% of the distance from Sun to Earth has been covered. From this point there remain about 15 to 45 minutes to give an alert until the system reaches the Earth.

· The interaction between interplanetary disturbances and the geospace is the subject of complex magneto-hydrodynamic modeling, which is in the early stages of operational use. 
· The coupling between ionosphere and neutral atmosphere will benefit from the application of non-hydrostatic models.
· “Whole atmosphere models” including the lower atmosphere and the thermosphere are are being developed and present significant challenges. 

4. Space weather four-year plan
A draft four-year plan was presented to Cg-17. The final version of this plan is expected to be submitted to the 68th session of the Executive Council for approval, upon recommendation from CAeM and CBS.  The plan includes first priority and second priority actions at the system level (observations, data exchange, analysis and forecasting), at 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 at the strategic level (communication, coordination, and partnership).

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”, 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.

This entails support to the development of operational, data-assimilative, predictive models, benefiting from advanced weather and climate prediction capabilities, and community 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.

The corresponding actions are indicated in Table 1.  The planned working structure is illustrated in Figure 1.

_______________

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















Figure 1: Proposed organization of space weather activities.
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