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SUMMARY AND PURPOSE OF DOCUMENT

The document provides an update on the Global Cryosphere Watch (GCW) development and implementation.







ACTION PROPOSED

	The Meeting is invited to note the information contained in this document when discussing the collaboration with EC-PHORS and GCW. Views of the CIMO-MG are invited especially on the concept of GCW Surface Observing network described in Appendix C.


____________
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DISCUSSION

1. The Seventeenth World Meteorological Congress (Cg-17) recognized the achievements in furthering the WMO Polar Activities coordinated through the Executive Council’s Panel of Experts on Polar Observations, Research and Services (EC-PORS). To this end, Congress included WMO Polar and High Mountain Activities as one of the seven priorities contained in the WMO Strategic Plan for 2016-2019.

2. The sixty-seventh session of WMO Executive Council (EC-67) refined the terms of reference for the Panel to address the Congress decisions and established the EC Panel of Experts on Polar and High Mountain Observations, Research and Services (EC-PHORS). Under this new ToR, the Panel will continue to guide the implementation of the Global Cryosphere Watch (GCW), with a priority to establish CryoNet, the GCW core, standardized observing network, and the GCW Data Portal to access cryospheric data.

3. The GCW Working Structure is almost completed with the GCW Steering Group (GSG, Chair: Arni Snorrason, vice-Chair: Barry Goodison), the Observations Working Group (Chair: Wolfgang Schöner, co-Chair: Michele Citterio), the Information and Services Working Group (Chair: Øystein Godoy, co-Chair: J. Key), and the Integrated Products Working Group (Chair: TBD, co-Chairs: Kari Luojus, Vasily Smolyanitsky). The Best Practices and Terminology Teams proposed that new teams for sea ice, permafrost and glaciers be formed to assist in conducting gap analyses to refine what and how GCW can best contribute. Efforts remain to be made to develop a working structure at the regional levels, as appropriate. So far Asia and South America Regional Groups have been established. The updated structure will be submitted to EC-PHORS-7 (Jan. 2017) for approval; see Appendix A.

Observations

4. Pre-operational testing of CryoNet is in progress with the set of 36 sites approved by Cg-17; see Appendix B. The main objective of the pre-operational test is to apply and evaluate the CryoNet concept and establish data interoperability with the GCW Data Portal. Following the results of the test so far, the CryoNet concept was updated; see Appendix C. As a result, several WMO documents will need to be updated, such as Manual on WIGOS. Similarly, the procedure for accepting new sites into CroyNet was updated; see Appendix D. GCW will continue engagement with Regions to fill gaps in CryoNet, with a focus on the Tropics and high mountain areas.

5. The Best Practices Team was activated and initiated work on compiling measurement guidelines, best practices and standards. An outline and timeline were developed for preparing a 30-40 page GCW Guide to Cryospheric Practices and then a more comprehensive Manual of Best Practices; see Appendix E. In-situ and satellite-based observations would be included. Drafts of the components will be posted on the GCW website as “Draft for Comments” seeking community feedback. Then the documents would be submitted to CBS and CIMO for consideration.

Integrated Products

6. The Snow Watch Team is working on an improvement of the real-time flow and access to in situ snow measurements (e.g. non-reporting of snow depths by some countries) and more countries have begun to exchange these data. There are still gaps in the USA and China, although the USA is working on providing data.

7. “Snow anomaly trackers” by Finland (FMI) and Canada (CMC) were developed for GCW for monitoring daily changes on the hemispheric scale; see  http://globalcryospherewatch.org/satellites/trackers.html. Further, regional snow trackers are under discussion to support, among others, Polar Regional Climate Centres.

8. The Snow Watch Team is assessing the maturity and accuracy of snow products through the intercomparison project “SnowPEx”, which is supported by ESA. With this perspective in mind, it has developed an initial inventory of snow products that is available online. The inventory is provided under three categories: (1) Satellite-derived snow products and datasets, (2) Analyses, reanalyses and reanalysis-driven snow products and datasets, and (3) In situ snow products and datasets. GCW’s mandate is to be an authoritative source of cryospheric information for many users including the proposed Polar Regional Climate Centres. Therefore the inventory provides users with some guidance about the suitability of snow products and datasets for various applications.

Information and Services

9. Work on the integration of data from CryoNet sites into the GCW Data Portal was initiated, including tests conducted with three CryoNet sites: Weissfluhjoch-Davos (Switzerland), Sonnblick (Austria) and Sodankylä (Finland). Based on the experience from working with these stations, first versions of the GCW Portal Interoperability Guidelines and GCW Portal Operations Manual have been developed. 

10. Currently metadata are routinely harvested by the GCW Data Portal from the following data centres: British Antarctic Survey; CryoClim; Chinese National Arctic and Antarctic Data Center; National Institute of Polar Research (Japan) – Arctic Data Archive System; Norwegian Polar Institute; and National Snow and Ice Data Center. These data centres are now harvested twice daily. In addition, testing is either ongoing or planned for a number of other data centres; see Appendix F.

11. The formulation of GCW observational requirements is an ongoing process. They will draw from various sets of existing user requirements and will be vetted by the scientific community. They will become part of the WMO Rolling Review of Requirements (RRR) and will be accessible through the Observing Systems Capability Analysis and Review Tool (OSCAR), which has a cryosphere theme. OSCAR is the official source for WMO requirements. The IGOS Cryosphere Theme Report (see Documents) contains the most comprehensive set of observational capabilities and requirements for the cryosphere. The IGOS and OSCAR cryosphere requirements are available on GCW Website. In addition to the observational requirements listed on the GCW Website, the Polar Space Task Group (PSTG) is compiling user requirements. They are available on the PSTG website.

12. The Terminology Team continues to expand the GCW cryosphere glossary. The database now has over 2900 entries from 21 sources, with over 1600 unique terms. It is available online at http://globalcryospherewatch.org/reference/glossary.php.

_______________
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APPENDIX A

GCW WORKING STRUCTURE







APPENDIX B

CRYONET SITES FOR PRE-OPERATIONAL TESTING


Existing CryoNet Sites
	 
	Station/Site
	Operating Country
	Location
	Type

	1
	SIGMA-A
	Japan
	Greenland
	Basic

	2
	PROMICE Greenland Ice Sheet Monitoring Network
	Denmark
	Greenland
	Basic

	3
	Sonnblick
	Austria
	Austria
	Integrated

	4
	Qilianshan Station of Glaciology and Ecologic Environment 
	China
	China
	Basic

	5
	Sodankylä-Pallas
	Finland
	Finland
	Integrated

	6
	Qilian
	China
	China
	Integrated

	7
	Tanggula Cryosphere and Environment Observation Station
	China
	China
	Basic

	8
	Eureka
	Canada
	Canada
	Basic

	9
	Hofsjökull
	Iceland
	Iceland
	Basic

	10
	Antisana 15 alfa
	Equador
	Equador
	Basic

	11
	Zongo Glacier
	France
	Bolivia
	Integrated

	12
	Morenas Coloradas Rockglacier
	Argentina
	Argentina
	Basic

	13
	Quelccaya Ice Cap
	USA
	Peru
	Basic

	14
	Weissfluhjoch - Davos
	Switzerland
	Switzerland
	Integrated

	15
	Glaciar Norte
	Mexico
	Mexico
	Basic

	16
	Saint-Sorlin Glacier
	France
	France
	Integrated

	17
	Argentiere Glacier
	France
	France
	Integrated

	18
	Mer de Glace Glacier
	France
	France
	Basic

	19
	Gebroulaz Glacier
	France
	France
	Basic

	20
	Xidatan
	China
	China
	Integrated

	21
	Tanggula
	China
	China
	Integrated

	22
	Tiksi
	Russia
	Russia
	Integrated

	23
	Ice Base Cape Baranova
	Russia
	Russia
	Integrated

	24
	Vuriloches
	Argentina
	Argentina
	Basic

	25
	Aonikenk
	Argentina
	Argentina
	Basic

	26
	Barrow Baseline Observatory
	USA
	USA
	Integrated

	27
	Tianshan
	China
	China
	Basic

	28
	Zackenberg
	Denmark
	Greenland
	Integrated

	29
	The Koxkar Glacier Camp (KGC)
	China
	China
	Integrated

	30
	Syowa
	Japan
	Antarctica
	Integrated

	31
	SIGMA-B
	Japan
	Greenland
	Basic

	32
	Dome-C
	France-Italy
	Antarctica
	Basic

	33
	Spasskaya Pad (Yakutsk)
	Japan
	Russia
	Integrated

	34
	Forni Glacier
	Italy
	Italy (Europe)
	Basic

	35
	Valle Nevado
	Chile
	Chile
	Basic

	36
	Col de Porte
	France
	France
	Integrated



Existing Contributing Sites
	 
	Station/Site
	Operating Country
	Location
	Type

	1
	Yanamarey
	Peru
	Peru
	n/a

	2
	Gueshgue
	Peru
	Peru
	n/a

	3
	Artesonraju
	Peru
	Peru
	n/a

	4
	Mocho-Choshuenco Volcano
	Chile
	Chile
	n/a



Existing Candidate Sites
	 
	Station/Site
	Operating Country
	Location
	Category
	Type

	1
	Glaciar Conejeras
	Colombia
	Colombia
	Core
	Basic




_______________


APPENDIX C
GCW SURFACE OBSERVING NETWORK
The GCW surface observation network builds on existing cryosphere observing programmes and promotes the addition of standardized cryospheric observations to existing facilities in order to create more robust environmental observatories. The basic component of the GCW network, including its core network called CryoNet, is the station. A station could measure one or more components of the cryosphere and one or more variables of each component, for example depth and density of the component snow.

All types of GCW stations need to make their data, metadata and observation procedures available in a timely manner, preferably to a data centre that is interoperable with the GCW portal (GCW station requirements). Observations are made and quality controlled according to CryoNet best practices. 

A CryoNet station must meet the minimum set of requirements, which includes providing ancillary meteorological measurements. Potential attributes of CryoNet stations are given below. All stations will be either Primary or Reference.

· Primary - Have a target (intent) of long-term operation and have at least a 4-year initial commitment.
· Reference - Have a long-term operational commitment and long-term (more than 10 years) data records.

CryoNet stations may also have one or more additional attributes:

· Cal/val - the station is being used for calibration and/or validation of satellite products and/or (earth system) models, or it has been used for such purposes in the past and it still provides the needed facilities.
· Research - the station has a broader research focus related to the cryosphere.

Minimum requirements of a CryoNet Station:

1. Meeting Core CryoNet Measurement Requirements
The station shall measure at least one of the variables of one of the cryosphere components (i.e. snow, solid precipitation, lake and river ice, sea Ice, glaciers and ice caps, ice sheets, permafrost and frozen ground). The station location is chosen such that cryospheric measurements are representative of the surrounding region, and such representativeness needs to be clearly described by the applicant.

2. Commitment of Operational Continuity 
The station must be active. The responsible agencies are committed, to the extent reasonable, to sustaining long-term observations of at least one cryosphere component. There must be a commitment to continue measurements for a minimum of four (4) years.

3. Metadata Up to Date and Available
The station metadata (including all needed metadata describing the station characteristics and observational programme information) are kept up-to-date and available through the GCW portal as the interface to the WIGOS Information Resource (WIR).

4. Compliance with Agreed Regulatory Practice
The station observational procedures, the instruments and method of observations, quality control practices, etc., should follow GCW endorsed regulations, manuals, guides and to the extent possible the recommended best practices.

5. Data and Ancillary Data Freely Available
Data shall be made freely available, and whenever possible, in (near-) real time; In situ ancillary meteorological observations, as required in the CryoNet best practices, shall also be available with documented quality.

6. Competency of staff  
Personnel must be trained in the operation and maintenance of the station.

A GCW CryoNet site generally encompasses an area greater than a conventional observing station, and has two or more active GCW surface-based stations with varying capabilities that are operated as a coordinated unit. At least one station has to be a CryoNet station. A site may comprise several micro-climatological regions or extend over larger altitudinal gradients. Thus, further ancillary meteorological stations are part of a site. Different partners may operate the stations, but they are coordinated through one agency or institute. Each CryoNet site has to provide a concept describing the research approach and the site management (e.g. cooperation between different partners).

Typically, sites have a broader research focus related to the cryosphere compared to stations. Whereas simple sites investigate the cryosphere only, integrated sites aim at  providing a better understanding of the cryosphere and/or its linkages to other components of the earth system, for example, the atmosphere, the hydrosphere, the biosphere, the oceans, soil, vegetation, etc.

Potential attributes:
· Basic: monitor single or multiple components of the cryosphere 
· Integrated: monitor at least two components of the cryosphere and at least one other component of the earth system. Integrated sites are particularly important for the study of feedbacks and complex interactions between these components.

Requirements for GCW CryoNet site:
· A site comprises at least one GCW CryoNet station
· Integrated sites have technical supporting staff
· Integrated sites have training capability
· has a long-term financial commitment
· Data are made freely available, and whenever possible, in (near-)real time.
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		Figure 1: Properties of CryoNet Stations and CryoNet Sites.

A GCW contributing station is required to measure at least one variable of at least one cryosphere component (e.g. snow, permafrost, sea ice…). Contributing stations are those that provide useful measurements of the cryosphere but do not fulfil CryoNet minimum requirements, or in some other way do not provide the quality and consistency of data required by CryoNet stations, for example, where data records may be short or with large gaps. These stations may be in remote, hard to access regions where cryospheric observations are scarce or in regions where they complement other cryospheric measurements. Mobile platforms such as ships, drifting stations and buoys may also be contributing stations.

Potential attributes:
· Reference: have a long-term operational commitment and/or long-term (more than 10 years) data records.

Synoptic/climate stations of the NMHSs measuring cryospheric variables to WMO standards, and providing their metadata and data via WIS and WIGOS, could fulfill the necessary requirements in order to contribute to GCW and to be accepted as stations in the GCW observing system. 

As encouraged by GCOS, GCW will facilitate the establishment of high-latitude stations with co-located measurements of key variables, especially permafrost and snow cover, thus enhancing GCOS/GTOS Networks for Permafrost (GTN-P), Glaciers (-G) and Hydrology (-H) and including the measurements of solid precipitation. In addition, monitoring of aerosol contamination of surface snow (dust, black carbon, heavy metals, etc.) will also be encouraged to link with existing atmospheric measurements from the GAW network. GAW stations and WCRP/Coordinated Energy and Water Cycle Observations Project (CEOP) reference sites in cold climates are potential candidates. Community monitoring also offers new network opportunities for GCW.

Members, through their GCW focal points, and participants in CryoNet workshops have recommended potential stations and sites. Many Members have proposed contributing to GCW through their sites in Europe, Asia, North America, and South America. For example, China has established sites in the “Third Pole” region where the High Asian cryosphere (HAC) serves as the Asian “water tower” for over a billion people. Finland has the Sodankylä-Pallas site in the boreal forest. Its infrastructure is designed for integrated monitoring of soil-snow-vegetation-atmosphere interaction and provides reference measurements for satellite sensors and model development on a continuous basis. Some of the atmospheric observatory sites operated by the International Arctic Systems for Observing the Atmosphere (IASOA) program are being expanded to include measurements of surface properties, including permafrost, making them ideal for inclusion in CryoNet. Current IASOA member observatories include Barrow-USA, Eureka and Alert-Canada, Summit-Greenland, Ny-Alesund-Norway, Abisko-Sweden, Pallas and Sodankylä-Finland, Tiksi and Cherski-Russia, and the Arctic Drifting Station-Russia. Various countries in South America have proposed glacier stations.

GCW will drive performance and provide motivation for high quality observations. Being a GCW station or CryoNet site means being part of an international, operational, global observing system and thus providing observations of known quality for research and knowledge beyond a site’s local region. 

The process of selecting GCW (CryoNet) stations and CryoNet sites for the GCW network is in its initial stage (see http://globalcryospherewatch.org/cryonet/stations.php). It will be completed by May 2016.

Space agencies, particularly through the WMO Polar Space Task Group (PSTG), and modelling groups such as ECMWF will provide guidance in the development of the surface observing network, given the importance of in situ observations for the validation of satellite products and model parameterization. For ECMWF this is possible via OSSE (Observing System Simulate Experiments) or via assimilation of Intense Observing Period (as for instance during YOPP) that can inform which data can provide crucial information and shall be made into a regular in-situ observing station.

_______________




APPENDIX D

PROCEDURE FOR ACCEPTANCE OF NEW STATIONS INTO GCW 

GCW is open to any station that makes measurements of the cryosphere, but seeks to design a network that advances WMO’s scientific and operational objectives. The process of evaluating a station or site for inclusion in the GCW surface network is described below. It is the same for stations and sites, CryoNet and contributing, unless indicated otherwise. 

1. A representative of the station or site (hereafter, the “applicant” and the “station”) completes and submits the station questionnaire (the “application”) on the GCW website (globalcryospherewatch.org/cryonet/questionnaire).
· It is recommended, though not required, that the applicant present the station at a GCW meeting before beginning the application process.
· By submitting the application for a core station, the applicant is implicitly agreeing that the station meets the CryoNet Minimum Requirements. A commitment to longevity, data quality, and data distribution is particularly important.
2. Core sites must also submit a site concept paper.
3. For stations that are operated by the WMO Member’s NMHS, the WMO Permanent Representative (PR) of the station’s operating country sends a letter of endorsement to WMO. For stations that are operated by other national entities, there must be a written agreement between that entity and the PR. For stations that are located in a country other than that of the proponent, the agreement to operate in that country and to share data as per GCW requirements must be provided. The PR of the country in which the station is located must be informed that the station could become part of CryoNet. For the mobile platforms operating in international waters by an international consortium, endorsement is done by the designated PR of the concerned countries with concurrence by the chair of the relevant consortium.   
4. The application is examined by the WMO Secretariat for completeness.
5. The GCW CryoNet Team, in consultation with relevant experts, evaluates the application. This is normally done annually, but may be expedited in some situations. There are no site visits. 
6. If the Team recommends that the station not be included in the GCW surface network, feedback is provided to the applicant. The application can be modified and resubmitted at any time.
7. If the Team recommends that the station be included in the network, the GCW Steering Group (GSG) makes its determination. This is normally done at GSG annual meetings. If the GSG recommends that the station not be included in the GCW surface network, feedback is provided to the applicant.
8. If the GSG recommends the station for inclusion in the network, the station is conditionally accepted and enters a one-year trial period. The station shall operate according to the Minimum Requirements, including the submission of data and metadata.
9. If the GSG recommends the station for inclusion in the network, it will be presented to EC-PHORS for approval. EC-PHORS meets every 12-15 months. 
10. If EC-PHORS approves the station, the final approval is made by the WMO Executive Council (EC). EC meets annually.

Each CryoNet station will be evaluated annually by the Team to ensure that it continues to meet the Minimum Requirements. If it does not, a timeline for correcting deficiencies will be mutually agreed upon by the Team and the station representatives. If no agreement can be reached, the station will be removed from the CryoNet network or, by mutual agreement, will become a contributing station. 

A change in the station type, core or contributing, requires reapplication. This entails a modification to the original application, resubmission, and re-evaluation by the Team and GSG. It does not require approval by EC.

Stations may be withdrawn at any time from the GCW surface network by request, in writing, of the station owners/operators. 

When an application is submitted via the online questionnaire process, the station is listed on the GCW website as “candidate”. It is not yet part of the GCW surface network. When the GCW Steering Group recommends stations for inclusion in the surface network, for all practical purposes they are part of the GCW network and will be listed on the website accordingly. They are not, however, officially part of the network until approved by EC.

_______________




APPENDIX E

DEVELOPMENT OF A GCW GUIDE AND MANUAL FOR BEST PRACTICES


Draft suggestion for a Work Plan/Timeline

Best Practices Team: Charles Fierz (WSL/SLF), Þorsteinn Þorsteinsson (IMO), Michele Citterio (GEUS), Wolfgang Schöner (UGraz), Vasily Smolyanitsky (AARI), Jeff Key (NOAA)

January-February 2016: 
· Continued survey of existing manuals and reports.
· Focal points contacted and asked to deliver information about national reports/manuals.
· As a global effort GCW must produce a Guide and a Manual that will reflect specific conditions characterizing the cryosphere in different regions.
End of February 2016: 
· Short summary document and new draft work plan distributed to entire CryoNet group and GCW Steering Group.
March-April 2016: 
· Decide what can be extracted from older reports/manuals (with permission), and what new developments in measurement techniques/data reduction need to be emphasised in a new guide/manual.
End of May 2016:
· Draft of the structure of a new GCW Guide to cryospheric practices ready (formal writing will start when the structure has been decided). 
· Ideas for the structure of a GCW Manual being developed simultaneously.
· Collaboration with COST group on snow-related best practices?
· Relation to CIMO guide?
· Have outline/draft ready for September CBS meeting
· Input/feedback from WMO expert groups at this stage.
September-December 2016:
· Writing starts, 1st version of Guide ready by the end of the year.
Mid-year 2017:
· GCW Guide to the Cryosphere published
· Plans for GCW Manual on Best Cryospheric Practices fully developed
Mid-year 2017 – Congress 2019:
· Work on Manual: Compilation, discussion, writing, editing, and publishing.
· 2020: GCW in operational phase 
_______________




APPENDIX F

STATUS OF GCW DATA PORTAL LINKAGES 
(as of DECEMBER 2015)
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