W O R L D  M E T E O R O L O G I C A L  O R G A N I Z A T I O N
==========================================================

Arctic Polar Regional Climate Centre-Network (Proposed)

POTENTIAL CONTRIBUTIONS OF DATA, PRODUCTS AND SERVICES
RCC Mandatory Function: Operational Activities for Long Range Forecasts (LRF)

1) Overview of datasets, products, services offered
	Function ID 
(Full text below in Appendix 1)
	Dataset/
Product/
Service
	Producer
	Areal Coverage
	Time of Issuance
	Means of service provision
	Remarks 


	1A: Use, distribute GPC LRF
5A: Provide online access
	LRF Multi-model precipitation, temperature and ice forecasts (seasonal time scale)


	CANADA
ECCC 
	Pan Arctic


	Monthly

 
	Website
	- In a RCC context LRF is seen as meaning seasonal time scale as opposed to the decadal and climate scenarios time scales.

- ECCC would lead or co-lead the development of LRF products that would become a WMO LRF MME responsibility once developed.  
- Implies internal coordination for CMC with  CCCMA, CIS and externally with NCEP 


	2A: Generate tailored LRF products
5A: Provide online access
	Ice Outlook
	CANADA
ECCC
	Canadian Arctic
	Biannual (for seasonal scale)
and every 15 days (for  the 15-30 day scale)
	Website
	

	
	No LRF
	DENMARK

	
	
	
	

	2A: Generate tailored LRF products
	LRF written outlooks, products for Finland
	FINLAND
FMI

	Finland
	Every week, once a month
	
	Public in Finnish, Private, prototyping

	2A: Generate tailored LRF products
	LRF tailor-made Baltic Sea Ice management support forecast
	FINLAND
FMI

	Finland
	Once a month, additional updates on demand
	
	Public Private partnership. Maps and written description in Finnish, in English

	CM?
	Sea Ice chart
	FINLAND
FMI
	Baltic Sea
	Daily
	
	Public

	2A: Generate tailored LRF products
	Ocean and sea ice forecasts
	FINLAND
FMI
	Baltic Sea
	Daily
	
	Public

	CM?
	High resolution sea ice thickness chart
	FINLAND
FMI
	Barents/Kara Sea
	1-3 day intervals
	
	Public Private partnership.

	CM?
	SAR image mosaic
	FINLAND
FMI

	Barents/Kara Sea
	Daily
	
	Public Private partnership.

	2A: Generate tailored LRF products
	Sea ice forecast
	FINLAND
FMI
	Barents/Kara Sea
	Daily

	
	Prototyping

	CM?
	Altimeter based sea ice classification
	FINLAND
FMI
	Arctic, Antarctic
	Daily
	
	Prototyping

	CM? DS?
	Lightning location data
	FINLAND
FMI

	Finland (all Nordic countries are under coverage)
	Real time data, daily maps
	
	FMI OpenData

	1A: Use, distribute GPC LRF
2A: Generate tailored LRF products
4A: Perform LRF verification
5A: Provide online access
	Monthly outlook for Arctic sea ice concentration and thickness : Hindcast on 1993-2014 ; real time forecast  from one month up to 6 months;

	FRANCE
Météo France, based on products from GPC Toulouse (Arpège System 5)
	Global (Arctic)
	Monthly or at least quarterly (according to the need)
	Graphics on RCC_LRF website and/or data dissemination to PRCC network (to specify)
	Possible contribution to multi-model products (EUROSIP, LR-MME …)

	1A: Use, distribute GPC LRF
2A: Generate tailored LRF products
5A: Provide online access
	Seasonal outlook on (e.g.):
T2m, SST, Sea-ice fraction, mslp, Z500 with quality assessment
	GERMANY
DWD
	0-360°, 50°-90°N
	Every middle of month
	newsletter or webservice
	

	

	No LRF
	ICELAND

	
	
	
	

	
	No LRF

	NORWAY
	
	
	
	

	1A: Use, distribute GPC LRF
5A: Provide online access
	2-ensemble atmosphere numerical forecast for 1 month in advance
	RUSSIAN FEDERATION
Co-ordinating institution: MGO
	Arctic and beyond
	TBD
	Website
	2-ensemble atmosphere numerical forecast for 1 month in advance in cooperation with Hydrometcenter Moscow


	2A: Generate tailored LRF products
5A: Provide online access
	Seasonal forecast of a type of sea ice conditions in the Eurasian Arctic

	RUSSIAN FEDERATION
Host: AARI
	Eurasian Arctic Seas
	Quarterly in summer period
	Website
	Empirical seasonal forecast of a type of sea ice conditions and atmosphere circulation in the Eurasian Arctic Seas 


	
	No LRF
	SWEDEN

	
	
	
	

	
	Prediction products, unspecified (see remarks)
	UK
	
	
	
	As a WMO-designated GPC, the Met Office will be pleased participate in the discussion of prediction requirements (started at the November workshop) at the ET-OPSLS meeting in April and to develop and provide prediction products decided on at that meeting.
As a GPC operating a fully coupled prediction system with interactive sea ice model we are in a position to consider products relevant to a Polar RCC such as snow related quantities and sea ice forecasts. We could also prepare visualised products in polar stereographic format.


	1A: Use, distribute GPC LRF
2A: Generate tailored LRF products
5A: Provide online access        
	Monthly and seasonal outlooks for surface temperature (including sea surface temperature), precipitation,sea ice based on seasonal forecast model
	USA
Climate Prediciton Center (in its role as GPC Washington)
	Global (surface temperature, precipitation); Arctic (sea ice)
	Once a month
	Web based dissemination: http://www.cpc.ncep.noaa.gov/
	Have the capability to provide monthly and seasonal forecasts to PRCC nodes

	1A : Use, distribute GPC LRF
2A: Generate tailored LRF products
5A: Provide online access    
	Monthly and seasonal outlooks for precipitation based on seasonal forecast model
	USA
Climate Prediciton Center (in its role as GPC Washington)
	Global (surface temperature, precipitation); Arctic (sea ice)
	Once a month
	Web based dissemination: http://www.cpc.ncep.noaa.gov/
	Have the capability to provide monthly and seasonal forecasts to PRCC nodes

	1A: Use, distribute GPC LRF
2A: Generate tailored LRF products
5A: Provide online access
	Monthly and seasonal outlooks for sea ice based on seasonal forecast model
	USA
Climate Prediciton Center (in its role as GPC Washington)
	Global (surface temperature, precipitation); Arctic (sea ice)
	Once a month
	Web based dissemination: http://www.cpc.ncep.noaa.gov/
	Have the capability to provide monthly and seasonal forecasts to PRCC nodes

	2A: Generate tailored LRF products                    
	 
	 
	 
	
	
	Have the capability but currently tailored products for RCCs are not provided

	1A: Use, distribute GPC LRF
2A: Generate tailored LRF products
5A: Provide online access  
	Monthly and seasonal outlooks for surface temperature and precipitation
	USA
Climate Prediction Center
	US - Alaska
	Once a month
	AWIPS; Web based dissemination: http://www.cpc.ncep.noaa.gov/
	These are official NOAA monthly and seasonal outlooks

	3A: Generate consensus statements
4A: Perform LRF verification
5A: Provide online access
	Routine verification of CPC's seasonal outlooks for surface temperature and precipitation are done.
	USA
Climate Prediction Center
	
	
	Web based dissemination: http://www.cpc.ncep.noaa.gov/
	

	2A: Generate tailored LRF products
5A: Provide online access
	NIC Seasonal Outlooks
	USA
National Ice Center
	Pan-Arctic, Great Lakes, Ross Sea
	As needed
	Distributed by National Ice Center: http://www.natice.noaa.gov/Main_Products.htm
	

	
	
	
	
	
	
	





2) Short dataset/product/service description
2.1: Canada
	Dataset/Product/Service
	Description

	LRF of temperature and precipitation from the Canadian Seasonal to Interannual Prediction Systems (CanSIPS). These forecasts are already available from the WMO LRF MME web site but the maps are not yet with a polar projection.
	Methodology: CanSIPS is the Environnement Canada’s long range prediction system. It is a numerical coupled Global Climate Prediction system run operationally at the Canadian Meteorological Centre.
Spatial resolution: ~300 km (north-south) x 75 km (at 75 deg of latitude)
Temporal resolution: Forecasts issued on a monthly basis and cover the next 12 months.
Quality indicators/Validation: Historical forecast skill based on 30 years of hindcasts
References: 
- Merryfield, W. J., W.-S. Lee, G. J. Boer, V. V. Kharin, J. F. Scinocca, G. M. Flato, R. S. Ajayamohan, J. C. Fyfe, Y. Tang, and S. Polavarapu, 2013: The Canadian Seasonal to Interannual Prediction System. Part I: Models and Initialization, Monthly Weather Review, 141, 2910-2945, doi:10.1175/MWR-D-12-00216.1.

	Sea-ice related LRF products based on the Canadian Seasonal to Interannual Prediction Systems (CanSIPS)

	Methodology: CanSIPS is the Environnement Canada’s long range prediction system. It is a numerical coupled Global Climate Prediction system run operationally at the Canadian Meteorological Centre.
Spatial resolution: ~300 km (north-south) x 75 km (at 75 deg of latitude)
Temporal resolution: Forecasts issued on a monthly basis and cover the next 12 months.
Quality indicators/Validation: Historical forecast skill based on 30 years of hindcasts
References: 
- Sigmond, M., J.C. Fyfe, G.M. Flato, V.V. Kharin and W. J. Merryfield, 2013: Seasonal forecast skill of Arctic sea ice area in a dynamical forecast system, Geophysical Research Letters, 40, 529-534, doi:10.1002/grl.50129.

	Sea-ice related LRF products based on  Multi-Model Ensembles from contributing GPCs.
	Methodology: Multi-Model approach combining sea ice forecast from GPCs capable of producing valuable sea ice forecasts. 
Spatial resolution: TBD
Temporal resolution: Forecasts issued on a monthly basis and covering at least 6 months
Quality indicators/Validation: Historical MME forecast skill based on 30 years of hindcasts.
References: 
- Merryfield, W. J., W.-S. Lee, W. Wang, M. Chen, and A. Kumar, 2013: Multi-system seasonal predictions of Arctic sea ice, Geophysical Research Letters, 40, 1551-1556, doi:10.1002/grl.50317.

	Ice Outlook
	Methodology:  Statistical and heuristic methods
Spatial resolution: ranges from ~10km to ~100km
Temporal resolution: seasonal outlook is issued in the spring for the summer shipping season; 15 and 30-day outlooks are issued every 2 weeks
Quality indicators/Validation: forecast dates of events in the outlooks have been verified since 1968, metric is +/- 7 days
References:
- Tivy, A., B. Alt, S. Howell, K. Wilson and J. Yackel. 2007. Long-range prediction of the shipping season in Hudson Bay: A statistical approach. Weather and Forecasting, 22, doi:10.11/WAF1038.1
- Gauthier, M-F. and J.C. Falkingham. 2002. Long range ice forecasting techniques in the Canadian Arctic – Initial verification. Ice in the Environment: Proceedings of the 16th IAHR International Symposium on Ice. Dunedin, New Zealand, 2nd-6th December 2002.



2.2: Denmark – No LRF


2.3: Finland - None provided


2.4: France
	Dataset/Product/Service
	Description

	Monthly outlook for Arctic sea ice concentration and thickness
	Methodology: Output from Météo France seasonal forecasting system 5 (global coupled model, sea ice model is GELATO).
Spatial resolution: 1°x1° (~50km in the Arctic Ocean).
Temporal resolution: seasonal forecasts with monthly resolution
Quality indicators/Validation: Scores as recommended by SVS
References: Chevallier et al. (2013); Guémas et al. (2014); Guémas et al. (2016, in revision).  

- Chevallier, M., Salas Y Mélia, D., Voldoire, A., Déqué, M. and Garric, G., 2013. Seasonal forecasts of the pan-Arctic sea ice extent using a GCM-based seasonal prediction system. Journal of Climate, 26, 6092-6104, doi:10.1175/JCLI-D-12-00612.1 
 - Guémas, V., Blanchard-Wrigglesworth, E., Chevallier, M., Day, J., Déqué, M., Doblas-Reyes, F., Fuckar, N., Germe, A., Hawkins, E., Keeley, S., Koenigk, T., Salas y Mélia, D., Tietsche, S., 2014. A review on Arctic sea ice predictability and prediction on seasonal-to-decadal timescales. Quarterly Journal of the Royal Meteorological Society, in press.  
- Guémas, V., Chevallier, M., Déqué, M., Bellprat, O., Doblas-Reyes, F., 2015. Impact of sea ice initialization on sea ice and atmosphere prediction skill on seasonal timescales. Geophysical Research Letters, in revision.
 



2.5: Germany
	Dataset/Product/Service
	Description

	LRF-products
	[bookmark: _GoBack]Methodology: German Climate Forecasting System, Version 1 (GCFS1) reforecast and forecast data/ anomalies, tercile summary, deterministic and probabilistic skill scores
Spatial resolution: 
Temporal resolution: monthly updated
Quality indicators/Validation: 
References:



2.6: Iceland – None provided


2.7: Norway – No LRF

2.8: Russian Federation
	Dataset/Product/Service
	Description

	2-ensemble atmosphere numerical forecast for 1 month in advance
	Methodology: 2-ensemble atmosphere numerical forecast for 1 month in advance in cooperation with Hydrometcenter Moscow.
Spatial resolution: Eurasian Arctic domain and subdomains.
Temporal resolution: TBD
Quality indicators/Validation: expert control by skilled modeler; flagging missing data, data source.
Reference: TBD


	Seasonal forecast of a type of sea ice conditions in the Eurasian Arctic
	Methodology: Empirical seasonal forecast of a type of sea ice conditions based on information from ice charting, coastal stations and long-term annual forecast of atmosphere circulation in the Eurasian Arctic Seas.
Spatial resolution: Eurasian Arctic Seas
Temporal resolution: month, season
Quality indicators/Validation: expert control by skilled glaciologist.
Reference: TBD




2.9: Sweden – No LRF


2.10 UK - None provided.


2.11 USA
	Dataset/Product/Service
	Description

	Monthly and seasonal outlooks for surface temperature (including sea surface temperature), precipitation,sea ice based on seasonal forecast model
	Methodology: Coupled dynamical model
Spatial resolution: 2.5x2.5
Temporal resolution: Monthly
Quality indicators/Validation: 
References:


	Monthly and seasonal outlooks for precipitation based on seasonal forecast model
	Methodology: Coupled dynamical model
Spatial resolution: 2.5x2.5
Temporal resolution: Monthly
Quality indicators/Validation: 
References:


	Monthly and seasonal outlooks for sea ice based on seasonal forecast model
	Methodology: Coupled dynamical model
Spatial resolution: 2.5x2.5
Temporal resolution: Monthly
Quality indicators/Validation: 
References:


	Monthly and seasonal outlooks for surface temperature and precipitation
	Methodology: Consensus forecast based on multiple tools
Spatial resolution: 
Temporal resolution: 
Quality indicators/Validation: 
References:


	Routine verification of CPC's seasonal outlooks for surface temperature and precipitation are done.
	Methodology: 
Spatial resolution: 
Temporal resolution: 
Quality indicators/Validation: 
References:


	NIC Seasonal Outlooks
	Methodology: 
Spatial resolution: 
Temporal resolution: 
Quality indicators/Validation: 
References:







Appendix 1. Task list for RCC Mandatory Functions: Operational Activities for Long Range Forecasts (LRF)
	ID
	Task – brief text
	Task – full text
	Summary of capacity/offers 
	Notes

	1A
	Use, distribute GPC LRF
	Interpret and assess relevant LRF products from Global Producing Centres (GPCs), distribute relevant information to RCC Users; and provide feedback to GPCs

	GPCs: Exeter, Toulouse, Montreal, Washington (ECMWF?)

Designated RCC Nodes: RF, France, Germany

UK: global scale products and services of GPC Exeter; potential to develop PRCC-relevant products

USA: global scale products and services of GPC Washington; monthly and seasonal outlooks US and pan-Arctic (sea ice)

Russian Federation: monthly pan-Arctic forecasts; Seasonal Eurasian Arctic sea ice forecasts 

France: Monthly Arctic sea ice outlooks (from global GPC Toulouse product)

Canada: Pan-Arctic seasonal forecasts; Canadian Arctic ice outlook

Germany: Pan-Arctic seasonal outlooks 

Finland: operational LRF for Finland; sea ice forecasts (weather forecasts?) for Baltic Sea, Barents Sea and Kara Sea
	Canada interested in leadership role for cross-node LRF jointly with interested Members

Re 2A: The extent to which the offered regional and sub-regional products are, at present, tailored for user needs in not clear (USA suggests their output is not tailored). Need a process to assess user needs and specify existing or new products to meet those needs (in part, a gap analysis).

Re 3A: Need to establish a process for generating a consensus statement for each of the PRCC geographic domains and for the pan-Arctic region.

Re 4A: Knowledge and practice in verification is in place. Need to extend this fully to products from all PRCC nodes 

Ra 5A: All contributors and potential nodes have their own websites. PRCC-specific web site/portal needs to be set up, managed and promoted. Will it hold products in different languages?

Re 6A: User feedback ingest (and response) process would help with user engagement. Maybe a help-desk? Regional, national and sub-national COFs would add value in this. Assessing the use of RCC products should lead to product development, tailoring and increased guidance on application of products in decision making.

	2A
	Generate tailored LRF products
	Generate regional and sub-regional tailored products, relevant to RCC User needs, including seasonal outlooks etc.

	
	

	3A
	Generate consensus statements
	Generate consensus* statement on regional or sub-regional forecasts  **NB: A collaborative process involves discussion with experts in the region (e.g. through Regional Climate Outlook Forums (RCOFs), teleconferencing, etc.).
Consensus is both the agreed process, and its joint conclusion, and can be that there is limited skill in the prediction for a region or sub-region.

	
	

	4A
	Perform LRF verification
	Perform verification of RCC quantitative LRF products, including the exchange of basic forecasts and hindcast data

	
	

	5A
	Provide online access
	Provide on-line access to RCC products/services to RCC Users

	
	

	6A
	Assess product use
	Assess use of RCC products and services through feedback from RCC Users

	
	





