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 Climate Monitoring

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 


	7A: Climate diagnostics, analysis
	Temperature and precipitation anomaly maps for Canadian Arctic 
	CANADA
ECCC

	Canadian Arctic
	Monthly
	
	- Contribution to an annual climate assessment such as the NOAA State of the Climate report and the Arctic Report Card could be possible, but not production of the entire assessment.

	7A: Climate diagnostics, analysis
Or 8A?: Reference climatology
	Temperature and precipitation adjusted/homogenized data for Canadian northern stations
	CANADA
ECCC

	Pan Arctic
	Annually
	
	- Contribution to an annual climate assessment such as the NOAA State of the Climate report and the Arctic Report Card could be possible, but not production of the entire assessment.

	7A: Climate diagnostics, analysis
	[bookmark: _GoBack]Snow Anomaly Tracker
(SWE and extent)
	CANADA
ECCC
Also GCW
	Pan Arctic
	Daily
	https://www.ccin.ca/home/ccw/snow/current

http://globalcryospherewatch.org/state_of_cryo/snow/ 
	- Contribution to an annual climate assessment such as the NOAA State of the Climate report and the Arctic Report Card could be possible, but not production of the entire assessment.

	8A: Reference climatology
Or 7A?: Climate diagnostics, analysis
	Sea ice concentration anomaly maps

	CANADA
ECCC

	Canadian Arctic
	Monthly
	
	

	9A: Regional Climate Watch
	Regional Climate Watch
	CANADA-USA
	TBD
	TBD
	
	potential joint Can-USA regional watch pilot


	7A: Climate diagnostics, analysis
	Surface Mass Balance - Greenland Ice Sheet:
Daily images with maps and graphs showing current daily and accumulated surface mass balance. Animated.
	DENMARK
DMI
	Greenland Ice Sheet
	Daily*
	Polarportal.org**
	DMI’s operational weather model provides daily weather forcing for a snow/firn subsurface model.

	7A: Climate diagnostics, analysis
	Weather:
Daily updated 5-day trailing means of Arctic weather (near-surface air temperature, near-surface air temperature anomaly, precip anomaly, all overlain with 10-m winds). Animated.
	DENMARK
DMI
	All Arctic
	Daily*
	Polarportal.org**
	Weather output from the ECMWF global IFS model.

	7A: Climate diagnostics, analysis
	Sea ice extent:
Daily maps and graphs of Arctic sea ice extent. Animated.
	DENMARK
DMI
	All Arctic
	Daily*
	Polarportal.org**
	Data from EUMETSAT OSI SAF.

	7A: Climate diagnostics, analysis
	Sea ice volume:
Daily maps of Arctic sea ice thickness and graphs of total sea ice volume. Animated.
	DENMARK
DMI
	All Arctic
	Daily*
	Polarportal.org**
	Data derived from DMI’s operational ocean/sea ice model, HYCOM/CICE.

	7A: Climate diagnostics, analysis
	Ice and sea surface temperatures:
Daily maps of sea and ice surface temperatures. Animated.
	DENMARK
DMI
	All Arctic
	Daily*
	Polarportal.org**
	Data derived from AVHRR

	7A: Climate diagnostics, analysis
	Climatedata overview/graphs
	DENMARK
DMI
	Greenland (stations along the coast of Greenland, as well as on the icecap
	Monthly
seasonally
annually
	Graphs shown on dmi.dk & in the future on Polarportalen
	

	8A: Reference climatology
	Climate data timeseries (observational data):
Quality assured timeseries – of instrumental measurements (primary temperature and precipitation)
	DENMARK
DMI
	Eight (8) stations along the coast   timeseries > 100y
	Annually
	
	

	7A: Climate diagnostics, analysis
	GRACE mass changes:
Animated.
	DENMARK
DTU
	Greenland Ice Sheet
	~5 times pr year
	Polarportal.org**
	GRACE data

	7A: Climate diagnostics, analysis
	Glacier front images:
Animated.
	DENMARK
GEUS
	Greenland Ice Sheet – 20 selected glaciers
	~weekly
	Polarportal.org**
	Landsat-X images

	7A: Climate diagnostics, analysis
	Albedo:
Daily maps of surface albedo anomalies. Animated.
	DENMARK
GEUS
	Greenland Ice Sheet
	Daily* in summer
	Polarportal.org**
	MODIS-derived

	7A: Climate diagnostics, analysis
 Or
Data Services, 10A?
	PROMICE climate station data
	DENMARK
GEUS
	Greenland Ice Sheet
	Daily*
	Daily summaries of temperature, wind and downwelling solar radiation on Polarportal.org**. Hourly averages during summer (days 100-300) and daily averages during winter of air temperature, relative humidity, wind speed and direction, atmospheric pressure, incoming and outgoing short- and long wave radiation, ice temperature, surface velocity, snow depth and ice ablation.
	Data from the PROMICE network of on-ice AWS’s
(also GCW Cryonet)

	7A: Climate diagnostics, analysis
	Climate Bulletin
	FINLAND
FMI

	Finland
	
	http://www.ilmastokatsaus.fi/ 
	Public, in Finnish

	7A: Climate diagnostics, analysis
	Snow Water Equivalent Tracker
	FINLAND
FMI
GCW
	Northern Hemisphere
	Daily
	http://globalcryospherewatch.org/state_of_cryo/snow/ 
	Public (available since December 2013)

	
	none
	FRANCE

	
	
	
	

	7A: Climate diagnostics, analysis
	Annual Bulletin on the Climate in RA VI
	GERMANY
DWD

	RA VI
	End of June next year
	Online at www.rccra6.org/rcccm
	

	7A: Climate diagnostics, analysis
	Monthly Climate
Diagnostics bulletin
	GERMANY
DWD

	RA VI
	Middle of next month
	Online at www.rccra6.org/rcccm
	

	7A: Climate diagnostics, analysis
	Monthly maps and anomalies of TT, RR*, pressure**, sunshine duration*, snow cover*, water vapour***, cloud coverage***
	GERMANY
DWD

	RA VI
Water vapour: 60W-60E, 30N-80N
Cloud coverage: 60W-60E, 30N-60N
	Middle of next month
	Online at www.rccra6.org/rcccm
	

	8A: Reference climatology
	Reference climatologies for TT, RR*, pressure**, sunshine duration*, snow cover*, water vapour***, cloud coverage***
	GERMANY
DWD

	RA VI
Water vapour: 2001-2011
Cloud coverage: 1971-2000
	
	Online at www.rccra6.org/rcccm
	

	9A: Regional Climate Watch
	Event-based climate risk early warning advisories (climate watch function)
	GERMANY
DWD

	Depending on scale of event
	Event-based
	Via email to RCC focal points in relevant NMHSs.
Planned: password protected website, including archive
	

	7A: Climate diagnostics, analysis
	Weather
Report climate diagnostics
	ICELAND
IMO

		Iceland and coastal environment



	Monthly
	web
	Text in Icelandic 


	8A: Reference climatology
	Weather
Hydrology
Establish historical reference climatology
	ICELAND
IMO

	Iceland and coastal environment

	Hourly 
Daily 
Monthly 
Seasonal 
Annual 
	Data, maps and plot available on web. 

	Raw data can be made available through web service. 
More than 100 rivers, currently part of Arctic Hycos 

	7A: Climate diagnostics, analysis Maybe also 2A?
	Ocean – sea-ice
analysis and forecast
	NORWAY
MET

	Entire
Arctic Ocean
	Daily
	THREDDS
Data Server
	Operational ROMS ocean model

	7A: Climate diagnostics, analysis Maybe also 2A?
	Ocean – sea-ice
analysis and forecast
	NORWAY
MET

	Nordic Seas
	Twice daily
	THREDDS
Data Server
	Operational ROMS ocean model

	7A: Climate diagnostics, analysis Maybe also 2A?
	Ocean – sea-ice
analysis and forecast
	NORWAY
MET
Copernicus CMEMS
	Entire Arctic Ocean
	Daily
	THREDDS
Data Server
	Operational TOPAZ4 system

	9A: Regional Climate Watch
	Ocean wave forecast
Hazard forecasting
	NORWAY
MET
	Nordic Seas
	Twice daily
	THREDDS
Data Server
	Operational WAM wave model

	7A: Climate diagnostics, analysis
	Satellite sea-ice
Products*** (sea-ice –
concentration , edge,
type, and drift)
	NORWAY
MET
OSI SAF

	Entire Arctic
	Daily
	THREDDS
Data Server
	OSI-SAF satellite product

	7A: Climate diagnostics, analysis
	SAR derived sea-ice
Concentration***
	NORWAY
MET

	European Arctic
	Daily
	Website
	Ice concentration charts from the
Norwegian Ice Service

	9A: Regional Climate Watch 
	Convective-scale
atmospheric analysis
and forecast
	NORWAY
MET

	European Arctic
	6- hourly
	THREDDS
Data Server
	AROME-Arctic model

	7A: Climate diagnostics, analysis 8A: Reference climatology
	Historical climate
records (ocean, land,
and atmosphere) incl.
snow/ permafrost/ sea-ice
	NORWAY
MET

	European Arctic
	n/a
	Website
	Mosj.no  
Presentations and interpretations of
monitoring data from Svalbard and Jan Mayen

	8A: Reference climatology

	Historical and real-time data
	NORWAY
MET

	European Arctic
	n/a
	Website/Data server
	Eklima.no 
Access to climate database from MET Norway and other institutes

	9A: Regional Climate Watch
	Polar low tracking
	NORWAY
MET

	European Arctic
	n/a
	Website
	

	7A: Climate diagnostics, analysis Also 10A?
	Eurasian Arctic oceanographic datasets based on expeditionary activity and reanalysis in the form of tables, graphs, and maps
	RUSSIAN FEDERATION
AARI

	Eurasian Arctic, Barents Sea
	TBD
	website
	Quality controlled parameters of the state of marine environment in the region (water temperate and salinity along transects, indices, sea level by coastal stations, wind waves). Data handling where applicable via CSIS/WIS protocols.

	(any diagnostics, analysis?)
Move this to data services 10A?
	Eurasian Arctic atmospheric chemistry and trace gazes
	RUSSIAN FEDERATION
MGO
	Eurasian Arctic
	TBD
	website
	Atmosphere carbon dioxide, methane and ozone content, precipitation chemistry. Data handling where applicable via CSIS/WIS protocols.

	7A: Climate diagnostics, analysis
	Climate diagnostics: Temperature, precipitation and ice concentration. Runoff to Baltic Sea and modelled runoff to the Arctic Ocean

	SWEDEN
SMHI

	Sweden and the Baltic Sea (Arctic Ocean)
	TBD
	TBD
	

	8A: Reference climatology
	Reference climatology:
Temperature, precipitation and ice concentration. Runoff to Baltic Sea and modelled runoff to the Arctic Ocean

	SWEDEN
SMHI
	Sweden and the Baltic Sea (Arctic Ocean)
	TBD
	TBD


	

	
	none
	UK
	
	
	
	

	7A: Climate diagnostics, analysis 
8A: Reference climatology 
9A: Regional Climate Watch 
	Extended AVHRR Polar Pathfinder
	USA
NESDIS/STAR
	Pan-Arctic and Antarctic
	Issued daily. Period of coverage: 1982 - present
	Distributed by the National Centers for Environmental Information (NCEI, formerly NCDC)
	This product suite contains cloud properties, surface temperature, surface albedo, sea ice thickness, and surface and top-of-atmosphere radiative fluxes

	7A: Climate diagnostics, analysis
9A: Regional Climate Watch
	Real-time global monitoring of surface and tropospheric conditions
	USA
Climate Prediction Center
	Global
	Daily
	Web based
	

	7A: Climate diagnostics, analysis 
8A: Reference climatology
	Local Climate Analysis Tool
	USA
NOAA NWS
	US with planned global capabilities
	Online tool with service available 5x8 (work days and hours)
	Online tool for analytical capabilities
	The tool provides historical data analysis on climate varibility impacts on local variables and assessment of local rate of climate change.

	
	
	
	
	
	
	



* The daily updates of Polarportal.org images are done with automated scripts running on DMI and GEUS machines. They are not currently fully 24/7 operational, however, and in case of technical errors during weekends, vacations or fieldwork they may be static for some days.
** Polarportal.org has currently secured funding through 2017.
*** Does the wording of 7A include satellite and other products such as images and animations? For the Arctic, such products are of high importance to a wide range of users
 



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

	Temperature and precipitation anomaly maps for Canadian Arctic 

	Methodology: Anomaly and/or trend maps for Canada’s Arctic can be produced using same methodology as used for the Climate Trends and Variations Bulletin and described at http://www.ec.gc.ca//adsc-cmda/default.asp?lang=En&n=D48C5C94-1.
Spatial resolution: TBC
Temporal resolution: Based on available data from 1948–present. Can be updated annually.
Quality indicators/Validation: based on adjusted and homogenized Canadian climate data (originating from ECCC climate archive)
References: 
- Vincent, L.A., X. Zhang, R.D. Brown, Y. Feng, E. Mekis, E.J. Milewska, H. Wan, and X.L. Wang (2015): Observed trends in Canada’s climate and influence of low-frequency variability modes, J. Clim., 28, 4545–4560, DOI: 10.1175/JCLI-D-14-00697.1

	Temperature and precipitation adjusted/homogenized data for Canadian northern stations.
	Methodology: Adjusted and homogenized Canadian climate data were created for use in climate research including climate change studies. They incorporate a number of adjustments applied to the original station data to address shifts due to changes in instruments and in observing procedures. Sometimes the observations from several stations were joined to generate a long time series.
These data are not the official Meteorological Service of Canada in situ station records and therefore should not be used for legal purposes. The official records can be obtained at the National Climate Data and Information Archive.
Spatial resolution: Station-specific data from defined sub-set of Canadian climate observing stations (e.g., north of 60°)
Temporal resolution: Based on available data from 1948–present. Can be updated annually.
Quality indicators/Validation: adjusted and homogenized Canadian climate data (originating from ECCC climate archive)
References: 
- Adjusted and homogenized Canadian climate data on Open Data Portal 
- Mekis, É. and L.A. Vincent, 2011: An overview of the second generation adjusted daily precipitation dataset for trend analysis in Canada. Atmosphere-Ocean, 49 2, 163-177. 
- Vincent, L. A., X. L. Wang, E. J. Milewska, H. Wan, F. Yang, and V. Swail, 2012. A second generation of homogenized Canadian monthly surface air temperature for climate trend analysis, J. Geophys. Res., 117, D18110, doi:10.1029/2012JD017859. 
- Wan, H., X. L. Wang, V. R. Swail, 2010: Homogenization and trend analysis of Canadian near-surface wind speeds. Journal of Climate, 23, 1209-1225. 
- Wan, H., X. L. Wang, V. R. Swail, 2007: A quality assurance system for Canadian hourly pressure data. J. Appl. Meteor. Climatol., 46, 1804-1817. 
- Wang, X.L, Y. Feng, L. A. Vincent, 2013. Observed changes in one-in-20 year extremes of Canadian surface air temperatures. Atmosphere-Ocean. Doi:10.1080/07055900.2013.818526.

	Snow Anomaly Tracker
	Methodology: Near real-time tracking of snow depth anomalies over the NH land area, and the resulting evolution of continental and hemispheric snow cover extent and total water storage using output from the Canadian Meteorological Centre operational snow depth analysis (Brasnett, 1999). Current values are referenced to averages computed over snow season 1998/99 through 2011/12. Snow  water storage is estimated from snow depth using a snow density look-up table described in Brown and Mote (2009).  Snow cover extent is computed assuming grid cells are completely snow covered when the estimated snow water equivalent (SWE) is ≥ 4 mm.  Total water storage (cubic kilometers) is obtained by summing the snow water equivalent of grid cells. 
Spatial resolution:  24 km
Temporal resolution: Daily
Quality indicators/Validation: Offline comparison with Finnish Meteorological Institute snow water equivalent (SWE) tracker based on the GlobSnow SWE product.
References:
Brasnett, B., 1999. A global analysis of snow depth for numerical weather prediction. Journal of Applied Meteorology, 38(6), pp.726-740.
Brown, R.D. and P. Mote, 2009: The response of Northern Hemisphere snow cover to a changing climate. J. Climate, 22, 2124–2145.

	Sea ice concentration anomaly maps

	XXX

	Regional Climate Watch
	XXX



2.2: Denmark 
	Dataset/Product/Service
	Description

	No text provided
	

	
	



2.3: Finland 
	Dataset/Product/Service
	Description

	No text provided
	

	
	



2.4: France 
	Dataset/Product/Service
	Description

	none
	

	
	



2.5: Germany 
	Dataset/Product/Service
	Description

	Climate Monitoring products
	As described in WMO RA VI RCC Network implementation plan 

	
	

	
	

	
	



2.6: Iceland 
	Dataset/Product/Service
	Description

	No text provided
	

	
	



2.7: Norway 
	Dataset/Product/Service
	Description

	Ocean – sea-ice Arctic
	Methodology: Coupled Ocean – Sea-ice model system incl. data assimilation 
Spatial resolution: Covers the entire Arctic Ocean with a 20-km resolution. 3D fields of several variables are available.
Temporal resolution: daily analysis and forecasts (10 days).
Quality indicators/Validation:
Reference: 


	Ocean – sea-ice Nordic
	Methodology: Coupled Ocean – Sea-ice model system incl. data assimilation.
Spatial resolution: Covers the entire Nordic Seas (incl. Svalbard, Barents Sea, etc.) with a 4-km resolution. 3D fields of several variables are available.
Temporal resolution: twice daily analysis and forecasts (66 hours).
Quality indicators/Validation:
Reference:

	Ocean – sea-ice Arctic
	Methodology: Copernicus Marine Environment Monitoring Service for the Arctic – Operational TOPAZ4 model system, data assimilation. 
Spatial resolution: Covers the entire Arctic Ocean with a resolution ~18km. 3D fields of several variables are available.
Temporal resolution: daily analysis and forecasts (7 days).
Quality indicators/Validation:
Reference:

	Wave model
	Methodology: Wave model system. 
Spatial resolution: Covers the entire Nordic Seas (incl. Svalbard, Barents Sea, etc.) with a 4-km resolution. 3D fields of several variables are available.
Temporal resolution: twice daily forecasts (66 hours).
Quality indicators/Validation:
Reference:

	OSI-SAF
	Methodology: Ocean and Sea-Ice – Satellite Application Facilities (OSI-SAF) sea-ice products available and overview for example at http://osisaf.met.no/p/ice/ 
It includes operational daily sea-ice concentration and recomputations from 1978-2015 and daily sea-ice drift monitoring, sea-ice emissivity, sea-ice type classification and sea-ice edge maps.
Spatial resolution:
Temporal resolution: daily
Quality indicators/Validation:
Reference:

	AROME-Arctic
	Methodology: Convective scale weather forecasting system with a resolution of 2.5 km. Data assimilation of conventional data and satellite data (ASCAT, IASI and ATOVS). 
Spatial resolution: 2.5 km
Temporal resolution: 6 hourly forecast with 66 hour lead times.
Quality indicators/Validation:
Reference:

	Climate Data
	Methodology: Data archives and real-time data from the Norwegian observational network
Spatial resolution:
Temporal resolution:
Quality indicators/Validation:
Reference:

	Polar low tracking
	Methodology: Automated polar low forecasts and warning.
Spatial resolution:
Temporal resolution:
Quality indicators/Validation:
Reference:



2.8: Russian Federation 
	Dataset/Product/Service
	Description

	Eurasian Arctic oceanographic datasets based on expeditionary activity and reanalysis in the form of tables, graphs, and maps
	Methodology: quality controlled Eurasian Arctic Seas and Arctic Basin ship-born expeditionary and manned drifting stations; derivative transects, gridded data and reanalysis of data.
Spatial resolution: point, transects, Eurasian Arctic domain and subdomains.
Temporal resolution: monthly/seasonal
Quality indicators/Validation: expert control by skilled oceanographer; flagging missing data, data source.
Reference: TBD

	Eurasian Arctic atmospheric chemistry and trace gazes
Should this be under data services, 10A?
	Methodology: quality controlled Atmosphere carbon dioxide, methane and ozone content and precipitation chemistry.
Spatial resolution: point, Eurasian Arctic domain and subdomains.
Temporal resolution: monthly/seasonal
Quality indicators/Validation: expert control by skilled meteorologist; flagging missing data, data source.
Reference: TBD

	
	

	
	



2.9: Sweden 
	Dataset/Product/Service
	Description

	No text provided
	

	
	



2.10 UK 
	Dataset/Product/Service
	Description

	none
	

	
	



2.11 USA
	Dataset/Product/Service
	Description

	Extended AVHRR Polar Pathfinder
	Methodology: Satellite products (multiple algorithms)
Spatial resolution: 25 km, pan-arctic
Temporal resolution: Twice-daily composites
Quality indicators/Validation: Publications with validation information are available
References: Key et al. (2016) and references therein

	Real-time global monitoring of surface and tropospheric conditions
	Methodology: Reanalysis data ets
Spatial resolution: 
Temporal resolution: 
Quality indicators/Validation: 
References:

	Local Climate Analysis Tool
	Methodology: NOAA SMEs recommended data and analysis techniques for application at local level
Spatial resolution: regional divisions, site-specific
Temporal resolution: monthly, 2-/3-/4-/5-/6-month seasons, annual
Quality indicators/Validation: tool software training completed
References: 
- Timofeyeva-Livezey,M., Horsfall, F., Hollingshead, A., Meyers, J., and Dupigny‐Giroux, L‐A., 2015:
NOAA Local Climate Analysis Tool (LCAT): Data, Methods, and Usability. BAMsApril 2015, pp 537-545.  DOI: http://dx.doi.org/10.1175/BAMS-D-13-00187.1
- Timofeyeva, M., Horsfall, F., Meyers, J., Hollingshead, A., 2012:  Identifying Local Climate Impacts On Weather And Water. In Lucio, F., and Avellan, T.,
Eds., Climate exchange. WMO publication by Tudor Rose, pp. 85‐87

	
	




Appendix 1. Task list for RCC Mandatory Functions: Operational Activities for Climate Monitoring
	ID
	Task – brief text
	Task – full text
	Summary of capacity/offers 
	Notes

	7A
	Climate diagnostics, analysis
	Perform climate diagnostics including analysis of climate variability and extremes, at regional and sub-regional scales
	Norway: Pan-Arctic Sea Ice products and analyses

Sweden: climate monitoring for Sweden and Baltic Sea

Canada: Canadian Arctic and Pan-Arctic products, maps; Snow trackers (SWE, extent) GCW 

Germany: RA VI RCC-Network Node for climate monitoring products and services (60W-60E, up to 80N)

Finland: climate bulletin (Finland), SWE tracker (GCW)

Iceland: monthly report
USA: global scale climate monitoring (CPC) and local climate analysis tool (US)
	Included in this category are images and animations based on remotely-sensed information
There are few pan-arctic products already available – several snow trackers, some satellite products. For PRCC, there may be considerable opportunity for development of new products, especially ones that cross traditional regional boundaries. 
Noticed that the northern European countries product offers tend to ocean/sea/runoff – are other PRCC-relevant outputs to come via RA-VI (Germany)?
Some products may require daily resolution (e.g. snow trackers) where monthly averages alone do not meet user needs.

	8A
	Reference climatology
	Establish an historical reference climatology for the region and/or sub-regions
	Germany: RA VI RCC-Network Node for climate monitoring reference climatologies (60W-60E, up to 80N) 

Also Canada, USA, Iceland, Norway, Sweden, Denmark have reference climatologies, some including homogenized datasets.
	Existence of reference climatologies is assumed for the above climate monitoring products.

What fields are covered in the available reference climatologies? Adequate to meet NMHS and user needs for the pan-arctic region? 

Are all historical and reference climatologies freely available to support development of tailored and pan-arctic products?

	9A
	Regional Climate Watch
	Implement a Regional Climate Watch
	Germany RA VI RCC-Network Node for climate monitoring Climate Watch guidance (60W-60E, up to 80N) 

Canada and USA: potential joint pilot (tbc)

Norway polar low tracking and ocean wave forecasts could contribute
	
Does the PRCC need to identify which hazardous conditions it will seek to include in a climate watch for the pan-arctic?




