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Arctic Polar Regional Climate Centre-Network (Arctic PRCC-Network)

Appendix 2: Potential Contributions of Data, Products and Services to the Arctic PRCC-Network Highly Recommended Functions

1.         Climate Prediction and Climate Projection
1.1	Overview of datasets, products, services offered
	Function ID 
(Full text in 1.3 below)
	Dataset/
Product/
Service
	Producer
	Areal Coverage
	Time of Issuance
	Means of service provision
	Remarks 


	1B: Help users with simulations
3B:  Support adaptation strategies
4B: Special seasonal forecasts
5B: Verification on consensus
6B: GPC product assessment
	
	CANADA
ECCC

	
	
	
	Expertise available but limited activities/resources in that field for the Arctic region

	2B: Downscaling scenarios
	Downscaled simulations from Global scenarios (CanESM2)
	CANADA
ECCC
	N. America including Arctic region
	TBD
	Website
http://www.pacificclimate.org/data/statistically-downscaled-climate-scenarios

http://ccds-dscc.ec.gc.ca/?page=main&lang=en
	

	4B: Special seasonal forecasts 
	Ice Outlooks and Sea-ice related LRF products
	CANADA
ECCC
	Canadian Arctic
	Biannual (for seasonal scale)
and every 15 days (for the 15-30 day scale)
	Website
http://www.ec.gc.ca/glaces-ice/default.asp?lang=En&n=E568E9D7-1

	Highly Recommended products based on LRFMME the ECCC would lead or co-lead development would eventually be transferred to the LC LRFMME.

	4B: Special seasonal forecasts
	LRF SWE (Snow Water Equivalent)
- Monthly to seasonal probabilistic forecasts and anomaly maps produced from CanSIPS 
	CANADA
ECCC 
	Pan Arctic


	Monthly

 
	Website
	

	
	none
	DENMARK

	
	
	
	

	1B: Help users with simulations
2B: Downscaling scenarios
	Tailor-made scenario ensembles and uncertainty-assessments (T, P, Wind, Pressure, Solar radiation), CMIP5 global maps (28 model ensemble) available
	FINLAND
FMI
	Global
	When bought/when produced in R&D projects
	
	Private/Public

	4B: Special seasonal forecasts

	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  

	4B: Special seasonal forecasts
	Sea ice forecasts
	FINLAND
FMI
	Baltic Sea
	Daily
	On request
	Public-private partnership, forecast up to 5 months

	4B: Special seasonal forecasts
	Sea ice forecast
	FINLAND
FMI
	Barents/Kara Sea
	Daily

	NSDC / Ice.fmi.fi 
	Prototyping

	4B: Special seasonal forecasts
	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 …)
Not T/P. moved from mandatory LRF. 

	
	none
	GERMANY

	
	
	
	

	1B: Help users with simulations 
3B: Support adaptation strategies
	Climate projections downscaling and assessments
	ICELAND
IMO
from CMIPs and similar data
	Iceland and coastal environment 
	Ad hoc
	Web and stakeholder interaction
	

	2B: Downscaling scenarios
	Downscaled climate data
Re-analysis.
Key variables: 
Air temperature, 
Precipitation, 
Pressure, 
Snow accumulation, 
Potential runoff
	ICELAND
IMO
	Iceland and coastal environment 
	Ad hoc
	on web

	Due to size, only key variables from gridded data are available online, but more can be made available on request.

	1B: Help users with simulations
	Global Climate
Projections
(CMIP5/CMIP6)
	NORWAY
MET

	Global
	n/a
	Data Server
	Global Norwegian climate model
NorESM

	2B: Downscaling scenarios
	Regional dynamical and statistical
downscaling
	NORWAY
MET

	European Arctic
	Project based
	Data Server
	Empirical statistical downscaling and regional climate model

	2B: Downscaling scenarios
	Perspective estimates of climate change for different scenarios of external forcing – global and regional polar assessments for both hemispheres
	RUSSIAN FEDERATION
MGO

	Eurasia northward of 60N
	TBD
	Website, WIS
	Perspective estimates of climate change for different scenarios of external forcing – global and regional polar assessments for both hemispheres.

	4B: Special seasonal forecasts
	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 


	2B: Downscaling scenarios
	Regionally downscaled scenarios
	SWEDEN
SMHI
	Arctic ocean
	TBD
	TBD
	New global scenarios containing Arctic will be calculated in conjunction with CMIP6

	3B: Support adaptation strategies
	Provide information in development of climate adaptation strategies.
	SWEDEN
SMHI
	Sweden
	
	
	We have done this for all counties in Sweden.

	
	none
	UK
	
	
	
	

	4B: Special seasonal forecasts
	Monthly and seasonal outlooks for sea ice based on the NCEP seasonal climate forecast model
	USA
Climate Prediciton Center (in its role as GPC Washington)
	Global (including pan- Arctic) sea ice
	Once a month
	Web based dissemination: http://origin.cpc.ncep.noaa.gov/products/people/wwang/cfsv2fcst/
	1. Will provide monthly and seasonal climate outlooks to PRCC North American Node
2. WIS metadata need to be developed
3. Task 3A about “consensus statement” can be generated based on multi-model combination of LRF inputs from various GPCs

	4B: Special seasonal forecasts
	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
	WIS metadata to be developed, pending resources.

	
	
	
	
	
	
	

	4B: Special seasonal forecasts
	SST 
	Nordic node

	European Arctic
	Weekly
	TBD
	Weather output from the ECMWF global Extended ENS model.



1.2 Short dataset/product/service description

	Producer
	Dataset/Product/Service
	Description

	CANADA
	CanESM2 downscaled simulations
	Methodology: Statistically downscaled daily Canada-wide climate scenarios are available at a gridded resolution of 300 arc-seconds (0.0833 degrees, or roughly 10 km) for the simulated period of 1950-2100. The variables available include minimum temperature, maximum temperature, and precipitation. Users may access the scenarios using an interactive map interface that allows users to zoom, pan and select their region of interest using a rectangular-selection tool. They can select and download scenarios for the Representative Concentration Pathways (RCPs) (Meinshausen et al., 2011) and model combinations that are of interest to them and for the time period of their choosing.

These downscaling outputs are based on Global Climate Model (GCM) projections from the Coupled Model Intercomparison Project Phase 5 (CMIP5; Taylor et al., 2012) and historical daily gridded climate data for Canada (McKenney et al., 2011; Hopkinson et al., 2011).​​ Statistical properties and spatial patterns of the downscaled scenarios are based on this gridded observational dataset, which represents one approximation of the actual historical climate. Gridded values may differ from climate stations and biases may be present at high elevations or in areas with low station density (Eum et al., 2014).
Note that for the historical 1950-2005 period, which was used to calibrate the downscaling models, statistical properties of the downscaled outputs will, by design, tend to match those of the gridded observational dataset. The day-by-day, month-by-month, year-by-year, etc. sequencing of values, however, will not correspond to observations, since climate models solve a “boundary value problem” and are not constrained to reproduce the timing of natural climate variability (e.g., El Niño-Southern Oscillation) in the observational record.

The ensemble of 12 climate models selected for downscaling is provided in the table on the website (see “References”). The ordering, which differs by region (see map of Giorgi regions, Giorgi and Francisco, 2000), is selected to provide the widest spread in projected future climate for smaller subsets of the full ensemble following Cannon (2015).
Spatial resolution: 0.0833 degrees (~10 km)
Temporal resolution: Time period covered is 1950–2100
Quality indicators/Validation: Downscaling methods (bias correction, model ensemble, etc.) are described at: https://pacificclimate.org/data/statistically-downscaled-climate-scenarios 
References: https://pacificclimate.org/data/statistically-downscaled-climate-scenarios
- Bürger, G., T.Q. Murdock, A.T. Werner, S.R. Sobie, and A.J. Cannon, 2012: Downscaling extremes - an intercomparison of multiple statistical methods for present climate (link is external). Journal of Climate, 25, 4366–4388. doi:10.1175/JCLI-D-11-00408.1.
- Bürger, G., S.R. Sobie, A.J. Cannon, A.T. Werner, and T.Q. Murdock, 2013: Downscaling extremes - an intercomparison of multiple methods for future climate (link is external). Journal of Climate, 26, 3429-3449. doi:10.1175/JCLI-D-12-00249.1.
- Cannon, A.J., 2015: Selecting GCM scenarios that span the range of changes in a multimodel ensemble: application to CMIP5 climate extremes indices. Journal of Climate, 28(3): 1260-1267. doi:10.1175/JCLI-D-14-00636.1
- Giorgi, F. and Francisco, R., 2000: Evaluating uncertainties in the prediction of regional climate change. Geophysical Research Letters, 27(9), 1295-1298.
- Gudmundsson, L., J. B. Bremnes, J. E. Haugen, and T. Engen-Skaugen, 2012: Technical Note: Downscaling RCM precipitation to the station scale using statistical transformations - a comparison of methods (link is external). Hydrology and Earth System Sciences, 16, 3383–3390, doi:10.5194/hess-16-3383-2012.
- Hopkinson, R.F., D.W. McKenney, E.J. Milewska, M.F. Hutchinson, P. Papadopol, and L.A. Vincent, 2011: Impact of Aligning Climatological Day on Gridding Daily Maximum–Minimum Temperature and Precipitation over Canada (link is external). Journal of Applied Meteorology and Climatology, 50, 1654–1665. doi:10.1175/2011JAMC2684.1.
- Hunter, R. D., and R. K. Meentemeyer, 2005: Climatologically Aided Mapping of Daily Precipitation and Temperature (link is external). Journal of Applied Meteorology, 44, 1501–1510, doi:10.1175/JAM2295.1.
- Eum, H.-I., Dibike, Y., Prowse, T. and Bonsal, B., 2014, Inter-comparison of high-resolution gridded climate data sets and their implication on hydrological model simulation over the Athabasca Watershed, Canada. Hydrol. Process., 28, 4250–4271. doi: 10.1002/hyp.10236 
- Maurer, E.P., and H.G. Hidalgo, 2008: Utility of daily vs. monthly large-scale climate data: an intercomparison of two statistical downscaling methods (link is external). Hydrology and Earth System Sciences, 12, 2, 551-563. doi:10.5194/hess-12-551-2008.
- Maurer, E., H. Hidalgo, T. Das, M. Dettinger, and D. Cayan, 2010: The utility of daily large-scale climate data in the assessment of climate change impacts on daily streamflow in California (link is external). Hydrology and Earth System Sciences, 14, 6, 1125–1138, doi:10.5194/hess-14-1125-2010.
- McKenney, D.W., M.F. Hutchinson, P. Papadopol, K. Lawrence, J. Pedlar, K. Campbell, E. Milewska, R. Hopkinson, D. Price, and T. Owen, 2011: Customized spatial climate models for North America (link is external). Bulletin of the American Meteorological Society, 92, 12, 1611-1622. doi:10.1175/2011BAMS3132.1.
- Meinshausen, M., et al., 2011: The RCP greenhouse gas concentrations and their extensions from 1765 to 2300. Climatic Change, 109(1-2), 213-241.
- Taylor, K.E., R.J. Stouffer, and G.A. Meehl, 2012: An Overview of CMIP5 and the Experiment Design (link is external). Bulletin of the American Meteorological Society, 93, 485–498. doi: 10.1175/BAMS-D-11-00094.1.
- Werner, A.T., 2011: BCSD downscaled transient climate projections for eight select GCMs over British Columbia, Canada. Pacific Climate Impacts Consortium, University of Victoria, Victoria, BC, 63 pp.
- Werner, A.T. and A.J. Cannon, 2015: Hydrologic extremes – an intercomparison of multiple gridded statistical downscaling methods. Hydrology and Earth System Sciences Discussion, 12, 6179-6239, doi:10.5194/hessd-12-6179-2015.
- Wood, A.W., L.R Leung, V. Sridhar, and D.P. Lettenmaier, 2004: Hydrologic implications of dynamical and statistical approaches to downscaling climate model outputs (link is external). Climatic Change, 62, 189–216, doi:10.1023/B:CLIM.0000013685.99609.9e.

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

	Methodology: CanSIPS is the Environment 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.

	CANADA
	Snow Water Equivalent (SWE) related LRF products based on the Canadian Seasonal to Interannual Prediction Systems (CanSIPS)

	Methodology: CanSIPS is the Environment 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:
 - Sospedra-Alfonso, R., Mudryk, L., Merryfield, W., & Derksen, C., 2016: Representation of Snow in the Canadian Seasonal to Interannual Prediction System. Part I: Initialization. Journal of Hydrometeorology, 17(5), 1467-1488. 
- Sospedra-Alfonso, R., Merryfield, W. J., & Kharin, V. V., 2016. Representation of Snow in the Canadian Seasonal to Interannual Prediction System. Part II: Potential Predictability and Hindcast Skill. Journal of Hydrometeorology, 17(9), 2511-2535.

	CANADA
	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.

	CANADA
	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
Description: Seasonal Ice outlooks: These outlooks indicate the expected timing of Arctic ice breakup or freeze-up. 
- 30 day ice outlooks: These outlooks describe the general advance or retreat of ice in a region; ice stage of development and areas and time periods in which conditions are expected to be more or less favorable than normal.
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.

	DENMARK
	None
	

	FINLAND
	No text provided
	

	FRANCE
	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.

	GERMANY
	None
	

	ICELAND
	No text provided
	

	NORWAY
	NorESM
	Norwegian Earth System Model (NorESM1) computed output produced for CMIP5 and CMIP6

	RUSSIAN FEDERATION
	Perspective estimates of climate change for different scenarios of external forcing – global and regional polar assessments for both hemispheres
	Methodology: Perspective estimates of climate change for different scenarios of external forcing – global and regional polar assessments, TBD.
Spatial resolution: Eurasian Arctic domain.
Temporal resolution: TBD
Quality indicators/Validation: TBD.
Reference: TBD

	RUSSIAN FEDERATION
	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

	SWEDEN
	No text provided
	

	UK
	none
	

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

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

	NORDIC NODE
	[bookmark: _GoBack]No text provided
	






1.3 Task list for RCC Highly Recommended Functions: Climate Prediction and Climate Projection
	ID
	Task – brief text
	Task – full text

	1B
	Help users with simulations
	Assist RCC Users in the access and use of WCRP-CMIP climate model simulations



	2B
	Downscaling scenarios
	Perform downscaling of climate change scenarios

	3B
	Support adaptation strategies
	Provide information to RCC Users for use in development of climate adaptation strategies

	4B
	Special seasonal forecasts
	Generate, along with warnings of caution on accuracy, seasonal forecasts for specific parameters where relevant, such as: onset, intensity and cessation of rainy season; tropical cyclone frequency and intensity

	5B
	Verification on consensus
	Perform verification on consensus statements for forecasts

	6B
	GPC product assessment
	Perform assessment of other GPC products such as SSTs, winds, etc.




