High Quality Global Data Management Framework for Climate
Appendices:
1- Maturity Matrix and Endorsement process (this will wait until the matrix is finalized)
2- Appendix on Creation and managing Metadata ( Anna with Christina)
3- Appendix Catalogue of Trusted Data sets and Entities
4- Attachment on guidelines for assessing data sets using MM 
( William with Peng)
[bookmark: _GoBack]INTRODUCTION
The High Quality Global Data Management Framework for Climate (HQ-GDMFC) is a collaborative framework that enables an effective delivery of climate services based  on a reliable underpinning data infrastructure at the global, regional, national levels . The collaboration includes developing data management standards and practices for climate, sharing infrastructure and responsibilities such as data exchange, analysis and data services. 
The WMO HQ-GDMFC collaborates as well with key climate related programs such as the WMO Information System (WIS) for data exchange, Global Climate Observing Systems (GCOS) and WMO Integrated Global Observing System (WIGOS) for observational standards and practices, and other application areas such as Marine, Hydrology, research to address needs and requirements for climate data. The target users are the National Met Services Climate Data Management entities, Regional Climate Centers and International Data Centers, academia and any other institution relying on knowledge of standards of climate data including its archival, management, analysis and exchange.



GENERAL PROVISIONS ( Omar)


HIGH QUALITY DATA MANAGEMENT FRAMEWORK 
SCOPE ( Omar to review)
An efficient and integrated approach to the management of climate data, and that from other domains, is to identify and exploit the complementary roles played by existing data management infrastructure at the international, regional and national levels.
The manual provides standards and recommended practices to ensure data made available for climate assessment, monitoring and applications are of assessed quality, traceable, accessible and usuable.
DEFINITION ( Omar to review)
Collaborating Entities
· International Climate Data Centres (ICDCs) of the framework are  centres that collect, archive and process climate data from all over the world, and generate a range of products and analyses based on the data; 

· Regional Climate Centres which are designated by WMO Global Data Processing and Forecasting System Centers contribute to the framework by developing quality controlled regional climate datasets, and providing or facilitating climate database and archiving services at the request of NMHSs, including a backup service as well as other highly recommended services such as data rescue and capacity building,

· National Climate Data Centers includes Meteorological and Hydrological Services and other entities with a climate data management role. Their responsibility consists of ensuring that the Climate Record is quality-managed, archived, accessible and usable. The responsibility also includes provision of basic data products as required by WMO programmes and GFCS.

· Other Entities 
ENABLING SYSTEMS ( Omar to review)
WIS
WIS responsibilities and functions are described in the WMO Technical Regulations (REF). The WIS  provides an overarching approach to data and information management for all WMO and related international programmes, leveraging the long‑standing collaborative culture of WMO, as well as new technologies.
The Framework would leverage on WIS infrastructure (GISC, DCPC and National Centers) and standards (metadata core profile, codes, GTS) for data collection and exchange, discovery, retrieval and access. Opportunity exist to improve efficiencies through emerging technological innovations. In order to take full benefit of the WIS, the climate data management entities contributing to the framework could be as well designated as part of the WIS infrastructure in particular as DCPC. 
Observing Systems
The framework will leverage on data and related standards provided by WIGOS observing capabilities (surface- and space-based components) including the Global Observing System of the World Weather Watch Programme, the observing component of the Global Atmosphere Watch Programme, the WMO Hydrological Observing System of the Hydrology and Water Resources Programme, and the observing component of the Global Cryosphere Watch. GCOS ECVs and climate monitoring principles provide a strong scientific foundation for enabling high quality long-term datasets and their integrity.
Process for climate dataset endorsement ( Omar, 1 page max)
Maturity Assessment including appendix on maturity matrix (Christina, 1 page max)
Definitions of Climate Data Management Concepts and Terms ( William to finish it)
The following are some definitions of fundamental data and data management concepts.
Data archival.  The process of securely storing data in digital and in hard-copy forms for the long-term. This applies to both hard copy records that need to be physically stored in a secure environment, and digital records. 

Archiving procedures refer to the actions needed to ensure that the data comprising the Climate Record (and the broader Climate Archive) are secure, properly documented, with any changes well planned and executed. 
Climate record is a set of observations covering the atmosphere, ocean, hydrology, land, cryosphere and space weather domains with associated metadata recorded according to standards, and archived for climate purpose. It includes observations recorded on paper, as well as scanned and digitized records. The metadata documents, at the minimum, the what, who, when and how an observation was made.
Climate archive is a collection of archived climate records as well as derived products such as analyses, summaries, maps, technical documentation, publications, and books. 
Data stewardship is all activities that preserve and improve the information content, accessibility and usability of data and metadata, and that ensure or improve the quality of environmental data.

Climate data encompass data derived from observations as well as data products such as gridded data and numerical model (re)analyses, predictions and projections. 

Data Management is the set of operations, procedures, protocols and policies required to organize, archive, quality control, secure and enable access to an organization’s data holdings.



Below yellow means William, white Christina, grey Omar:

Climate Data Management System
Data Rescue
Quality Management
Quality Assurance
Quality Control
Data Quality
Quality Assessment
Data Integration
Inter-operability 
Data Architecture
Dataset Maturity
Maturity Matrix
Uncertainty
Data analysis
Data curation
Data sharing
Data exchange
Big data
Crowd sourced data 
Third party data
Climate product
Climate Information
Climate Application
Climate Service
Data Policy
Data Management Policy
Climatological Standard Normals
Reference Period
World Weather Records 
CLIMAT message
Climate indices

Data quality. Quality can be defined in various ways, but an overarching description would be to what extent the data are reliably fit for purpose. High quality data means that the data input and output processes are reliable; the data are well described (i.e. there are adequate metadata); the data are properly quality controlled to identify errors; and that the data are accessible in a timely manner. 

Metadata. Often defined as “data (or information) about data" It is important to distinguish between a number of different types of metadata, as described below. To ensure that data is fit for purpose for climate services and research, NMHSs are required to create and maintain all of the following types of metadata.   

Metadata  - contextual, or WIGOS. Contextual Metadata is information about how the data were collected or generated, featuring the who, how, when and where a measurement was made. This information is required to establish fitness for purpose, as well as providing indispensable  information for operations such as homogenisation. In the case of meteorological data, it includes such details as where and when the measurement was made, with what instrumentation, by whom, under what siting conditions, what changes to the above have occurred, quality control status, intellectual property information. If the data/information were created by processing or analysis methods, details of the algorithms and methodology used are also required, including, ideally, details of any computer code utilised in generating the data.  
Metadata – discoverability . For information to be useful, one must be able to find it. This is the role of so-called “discoverability” metadata, that enables a user to query or search a catalogue to determine what information is held, where it’s held and by whom, along with some details about the data/information set. Discoverability metadata is akin to a library catalogue, and in fact is often presented as a catalogue. There is a considerable body of knowledge about the requirements for metadata, with the internationally-accepted standard for what metadata should be maintained referred to as ISO 19115[footnoteRef:1]. See also Section 5.6.2.   [1:  ISO refers to the International Standards Organisation, which endorses candidate standards for various processes as recommended international best practice. ] 

 Metadata – provenance
Apart from the need to know what changes to observation siting, practices, etc have been made over time (an essential step in homogenisation procedures), it is important to know about changes to the versions of a dataset. This is because of the need for traceability – being able to identify the version of a dataset from which a particular analysis or product was derived. Provenance should therefore include details of any quality control or homogenisation processes, details of disaggregation or infilling, or any other changes made to the dataset. Climate products and services need to contain a link to the particular version of the data on which they are based.  

Metadata – networks
Changes to the way climate variables are measured apply not only at the individual station level, but to whole networks for stations. An example might be when manual observations are replaced by AWS, or when a network of AWSs are progressively replaced by a different model, or central processing unit, or when new sensors are introduced. It is important again to document the time and locations of any such changes. 

SOURCE OF DATA
In support of climate activities, the Framework should manage data from all sources that are useful or have the potential to become useful  for climate science, applications and services. 
These sources should encompass data such as ins-situ conventional or crowd-sourced data, remote-sensed data, marine data, hydrological data, space weather, atmospheric composition, terrestrial data, and other geo-physical and environmental data. For climate change adaptation the data scope should include data that informs on socio-economic impacts. 
The Entities should promote using modern tools for assessing  the quality of data provided from these sources and keep  abreast of  evolving new approaches and standards in this area.
Automatic weather stations. 

Entities should ensure that effective change management processes are implemented when moving from manual to automated observations or  from one automated system to another. The goal is that data ingested and used for climate purpose meets the required quality standards, including unbiased, homogenous, consistent and complete climate time series

	
Entities, in particular NMHS in developing countries, should ensure that the automatic weather stations for which records are used for climate purposes are effectively and sustainably maintained 

Remote sensing data

There are a number of initiatives that promote the use of remote sensed data in climate assessment and  services;  and products being developed to monitor for example trends and extremes. Examples of remote sensed data sources include satellite data, radar data, lightning detection systems, Lidar and  Sodar.

The Framework should ensure that key data management activities extend to remote sensed sources, that include quality assessment, assurance and control. The goal is to ensure that remote sensed climate records are fit for purpose and uncertainty documented.

The data management should also ensure that long-term retention strategy for ECV remote sensed data is developed and implemented. This include for example preserving data and metadata records at  multiple places and the possibility of rescuing and reprocessing the records is ensured.


Aircraft data ( Omar with AMDAR)

Ocean and marine ( Christina with Lydia)

Atmospheric composition ( Omar with GAW)

Hydrology data ( Christina with Dominique)

Model derived data ( William with Michel Rixen)

Socio-economic data 

The Framework should establish synergies and linkages with socio-economic data providers for adopting best practices and standards in collecting and providing information on climate related socio-economic impacts.  Examples of such data include statistics on diseases and mortality, crop monitoring, loss and damage, population displacement and migration, energy production and consumption and economic growth. 
At country level NMHSs should liaise with national statistical offices, emergency and disaster management authorities and any other authoritative source for such data to enable effective sharing of these types of data. 

Externally-sourced data (also, non-NMHS or “third party” data)

Such data sources include volunteer observing networks, observations based on arrangements between the Meteorological services and other Government agencies or private providers, measurements recorded by sensors attached to vehicles or roadways, observations taken by enthusiastic amateurs such as storm chasers, often via social media.
 
At National level, NMHSs should assess the opportunities offered by externally-sourced data and establish, as needed, arrangements in line with WIGOS guidance  for using these data in climate applications and integrate them in their data management systems. Specific attention should be paid for quality assurance and metadata aspects.  Managing externally-sourced data needs to ensure procedures are set up to avoid mixing these data  with data from NMHSs networks.

DATA MANAGEMENT REQUIREMENTS
Discoverability and Accessibility

Data and all associated metadata shall be discoverable and accessible, and data access and use conditions shall be clearly indicated. 

Usability 

Data shall be structured using interoperable standards for encoding, exchange and retrieval.

Data shall be comprehensively documented, including all elements necessary to access, use, and process, using international or community-based metadata standards. High-quality climate datasets should be described in peer-reviewed publications referenced in the metadata record. 

Quality Management

Data shall include provenance metadata indicating, at a minimum, the origin and history of raw observations and derived data, such as from satellite and models, and methodology used in creating products. 

Climate quality assurance processes shall include monitoring procedures. The results of QC processes shall be analyzed, and systemic errors or problems revealed by the analysis shall be fed back to the data providers for rectification. 
The results of all quality control, homogenization and reprocessing shall be documented as part of the metadata, including the assignment of quality flags and indication of whether homogenization and reprocessing have been performed. 
The Entity should document Climate Data Management Processes which describe the specific steps to be taken in conducting tasks, and frequently contain reference to more detailed material such as guidebooks which encompass procedures and identification of various intervention levels for queries and problem solving. 
Work involving changes to the Data Management System and associated software shall be documented and communicated to stakeholders likely to be affected by the changes, and action taken to mitigate any adverse effects) 

Documentation of key data management processes and responsibilities shall be maintained, revised and updated on regular basis.

Stewardship

Data shall be protected from loss and preserved for future use; including retention schedules, and technology migration. Data and associated metadata held in data management systems should be periodically monitored to ensure integrity. 

Data should be managed to enable corrections, updates and reprocessing. Datasets should be assigned a permanent identifier to enable citation.

Data Shall be Secured and access subject to rigorous authorization processes
Where public access to data comprising the Climate record or Climate archive is enabled, the information required shall not be accessed directly from the Data Management System itself, but copied to a safe location outside the database. 
Climate Records shall be copied in backup  at regular prescribed intervals, and include in their backup schedule offsite backups. 
Inventories shall be developed and maintained of all data that are held in the Climate Record and Climate Archive. 
Metadata shall be created, maintained and managed to facilitate the discoverability and the use of climate data. For high-end climate datasets such as those used to monitor climate change, full details of any changes to the data shall be kept and versioned.
DATA MANAGEMENT GOVERNANCE 
Structurally, governance includes standard procedures, policies, approval processes, along with accountabilities and compliance mechanisms for ensuring the data is secure, accessible and useable. The scope of data management governance will be influenced by the collaborating entity strategy, the user requirements as well as national and international requirements. 
The entity should have a mechanism to oversee the various governance elements. A body of stakeholders representing the data service providers and subject matter expertise in data management should form the core of this mechanism. Such a body should have the authority to adopt key decisions on data management aspects and endorse related policies and procedures. It should also be responsible for monitoring compliance with such policies and procedures.
Entities should consider relevant national legislation and international obligations with regard to data management, in particular WMO Resolutions 25, 40 and 60. 
The Entity should have a data management policy-suite to promote a consistent, enforceable and well communicated set of rules and standards, to improve the efficiency and commonality of data-related processes within the Entity. The policy should be clear and concise and complemented by guidelines, or process descriptions. A template for data management policy and recommended policies and showcase is provided in Appendix.
Data rescue activities shall be systematically implemented to ensure preservation and recovery of all non-digital and superseded media archives ( Provide reference to Guidelines on Data Rescue). A migration strategy for  climate archives shall be developed, and reviewed at regular intervals, to ensure currency and sustainability. 
Resources including financial and staff shall be secured for the maintenance and sustainability of climate record. 
Members shall retain the original observations and metadata that constitute the Climate Record in perpetuity (may need to be a bit more descriptive here as to what’s meant by observations, e.g., distinguishing between Level 1 and 2 versus Level 3 data; whether hard copy forms can be disposed of once imaging/digitisation has been completed). 
For other types of climate data, analyses, gridded datasets, etc, retention periods shall be assigned, based on a consideration of Members’ national legislation, identified business needs, and practicality of regeneration.   


COMPETENCIES
The Entity should define  the roles and responsibilities of Climate Data Management professionals at various levels of data stewardship 
The head of climate data management should be able to plan   and supervise the climate data management operations and needs to be responsive to the needs for data by service providers, and to ensuring data quality and continuity from data providers (i.e., the NMHS observations program and possibly external data suppliers). The goal is ensuring compliance with the general requirements for climate data managers as outlined in Section 2.2. 
The ICT support staff should be able to maintain, support and further develop the data management systems, including administration, upgrades, enhancements, new data fields, and the development, implementation and software support for basic data stewardship applications. 
QC/QA staff should be able to  carry out the quality control of the data, assign quality flags, monitor and report and document errors. The goal is to ensure quality assessment and address corrections and adjust as necessary 
Data ingest staff  should be able to ingest data records into a  database, either through routine manual  ingest , via key entry, or via other digitisation techniques, including digitising software.
Archivist staff should be able to systematically  enable access to  both hard copy and electronic records, carry out the effective preservation of the  records, maintain inventories and ensure the records are safeguarded and managed according to the relevant standards.  They should be able to document climate datasets including maintaining relevant discoverability metadata.
Analysis staff should be able to  undertake basic statistical analysis required to improve the quality of the datasets, such as through homogenisation, infilling of missing data; and propose solutions to problems causing systemic errors in the datasets. They should also be able to  recommend solutions for improving the efficacy of quality control processes. 
Ongoing skill development
The Entity should have a training programme to ensure the competencies listed above   are maintained at a high level and enriched with new methodologies and up-to-date technology.
 The Entity should take advantage of the existing best practices in climate data and its management and analysis as described in the WMO Guide to Climatological Practices and other relevant WMO  Guidelines, in particular dealing with data stewardship, quality management, assessment and assurance.
At country level, in particular in developing countries, the Entity  should provide incentives to keep highly skilled competent staff and adopt frequent training of trainers. The goal is maintain the continuity and the quality standards of climate data.
Entity should make sure when new methodology or  technology is acquired, there is sufficient, efficient and effective  knowledge transfer and onsite training to ensure the  implementation of the  new tools is  effectively and sustainably functioning.
Planning and design  
At country level, the Entity should ensure that when planning or designing a data management system, the mandatory functions of such systems comply with international standards, such as the WMO Climate Data Management Systems  specifications (WMO No 1131). The goal is to make sure that high quality climate data required by the World Climate Programme, such as CLIMAT messages, World Weather Records, Climatological Standard Normals and climate indices, are delivered in a timely and effective manner. 
At International level, the framework should promote the development of convergent technologies for data management. The goal  is to ensure cost-effective implementation and maintenance of tools. This is particularly desirable for the Climate Data Management Systems. The development of convergent Open Source tools such as Open-CDMS should be further encouraged. The Framework should initiate and maintain collaboration with other international initiatives in the domain of Data Rescue and Climate Data Management Systems and related applications






 

