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Executive Summary 

This CDMS Specification has been produced as a result of numerous requests seeking guidance on what Climate Data Management System (CDMS) an organisation should implement in order to effectively manage and utilise climate data.

A CDMS is an integrated system that facilitates the effective management, analysis, delivery and utilisation of a wide range of integrated climate data. This includes associated Observations, Discovery and Provenance ‘metadata’.

This document adopts an IT Architecture Component approach to describe at a high level the type of functionality that is expected within a CDMS. 

Appropriate references are provided within key components to facilitate more detailed analysis in the future by NMHS and WMO Expert Teams, as well as by CDMS Developers and Systems Integrators.

The document describes an integrated CDMS Framework based around the following key components:

· CDMS Governance

· Climate Data

· Climate Data Management

· Climate Data Analysis

· Climate Data Presentation

· Climate Data Delivery Services

· Core IT Infrastructure

NMHS will be able to use the document in its current form to assess what CDMS components that they need to implement and to then evaluate relevent software to ensure that required functionality is available.

This document is potentially the first step in the establishment of a Climate Data Infrastructure framework to facilitate much better integration of Climate Data between relevant organisations. This concept is in line with that behind the European INSPIRE Directive, however as a voluntary framework, rather than one that is legislated.

It is anticipated that this Document will become a live document with updated versions released as required.
1 Background 

This document has been produced as a result of numerous requests seeking guidance on what CDMS should be implemented by an organisation in order to effectively manage and utilise climate data.
While there are many systems that claim to be a Climate Data Management System (CDMS), to date, there has not been a clear definition of requirements defining the functionality expected within a CDMS. Traditionally a CDMS has been regarded as a ‘Black Box’ with the internal workings and components hidden from view. This document is an attempt to reverse this situation.

This document aims to be the initial formal definition specifying the functionality that is expected within a CDMS.

It takes an IT Architectural approach to define a high level framework that describes an abstract representation of the various logical components that make up a system that is used for Climate Information Services, focusing mainly on those components used for Climate Data Management Services. It further classifies components according to their relevance to a CDMS.

It is anticipated that this specification will become a ‘living’ document, and will be refined with more detailed definitions of requirements as they become available.

This abstract representation of a CDMS is intended to be implementation neutral and support a range of deployments from those in developing nations to ones within organisations with large computing resources.

There are very few, if any, systems currently available that will meet the requirements as defined within this specification. As such organisations are advised to:

· Treat this specification as a description of the functionality that will be required in their CDMS.

· Assess the capability of their current systems against the components outlined below.

· Plan their acqisition, procurement and development activities to ensure that they develop functionality that is consistent with:

· CDMS functionality that as described below; and

· Their level of technical expertise and funding.

· Ensure that they continue fund CDMS activities at a level that is sustainable for the long term.

An important point to remember that our most important stakeholders have not been born yet and that we are implementing and managing CMDS to protect the integrity of climate data for their future use.

1.1 The Climate System
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Diagram 1 – NCAR Community Earth System Model

The Climate System involves understanding a wide range of complex interactions and inter-relationships over time. Diagram 1 provides a simplified pictorial representation of many of the aspects of a Climate system. For a more detailed overview see:

· WMO-100 2011, 

· Wikipedia-4.

1.2 Concept of Operations
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Diagram 2 - Multiple Observing Systems

In order to understand what is happening within the Climate System, a wide variety of observations of various climate related phenomena are routinely undertaken, stored and analysed with Climate Information Systems. This will be expanded upon in the Architecture Logical Component Diagram and supporting tables below.

For a more detailed overview see:

· WMO-100 2011

· WCDMP-52 2003

· WIGOS Flyer 2013

1.3 Functional Components of a Climate Information System
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The Climate Services Functional Component Diagram above, provides a high level abstract view of the types of functional components that are required to support Climate Information Services. Not all of these components are required for a CDMS.

Each functional group of components are expanded upon below with an overview of the concepts that each component represents, together with an indication of its current status as a CDMS component.

Components are deliberately kept to abstract concepts. A single component may refer to a range of software and processes that provide a functional requirement. Similarly a single software application may provide the functionalty described by a number of components.

The diagrams below use the following classification colour scheme to portray what functionality is either required or recommended within a CDMS.
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	Required
	The component’s functionality is mandatory within a CDMS. There are many reasons why a component may be defined as mandatory, for example, the need to comply with: 

· a specific WMO Technical Regulation 49;

· WMO Guide to Climatological Practices (third edition) WMO-No: 100;
	If one of the required functions is not fulfilled, the system is not complying to WMO requirements, therefore it should not be considered as a WMO compliant CDMS.



	Recommended
	This component’s functionality is recommended in order to comply with current ‘best-practice’.
	Due to the evolving nature of the CDMS, these functions are becoming very useful and in some cases they may be necessary depending on the NMHS needs. 

It is possible that a component that is marked currently as ‘Recommended’, may in fact become ‘Required’ in a future revision of these CDMS Specifications.

	Optional
	This component’s functionality is optional. For example, an organisation may wish to invest in specific more advanced climatological functionality and processes in order to meet specific business need.
	Fulfilling these functions add sophistication to the CDMS but do not affect their basic or advanced compliance.

A component may also be classified as ‘Optional’ if it is in the early stages of development within the WMO community.


2 CDMS Governance
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One of the factors often overlooked when implementing a CDMS is to ensure that the NMHS has establishing a good solid governance framework to protect the integrity of the Climate Record. This includes:

· Policies 
The rules and general principles that the organisation has adopted to guide staff in climate data management activities.

· Governance 
The processes, including approval processes, that have been implemented to ensure that the intent of CDMS related Policies are adhered to.

Having such a foundation in place will save an organisation considerable wasted effort and will increase operational efficiency through staff having a clear understanding of what is expected and what is permissible.

Even with a robust data policy framework in place, there will still be issues that arise that need to be handled on a case by case basis, though these cases will be minimised.

CDMS Data Policy and Governance is an area that requires considerable development to ensure consistent approaches across organisations to facilitate e.g.:

· ease of NMHS data sharing and integration

· a clear understanding of intellectual property issues that apply to data

· a clear understanding of data access and usage constraints 

· processes that enhance data integrity

· ensuring the long term sustainability of NMHS Climate Records

A related recommendation may be found in the Recommendations section of this document to establish a WMO Climate Data Infrastructure that provides in part, consistent policies, requirements and standards for NMHS to adopt.

In the interim, the components contained in this version of the CDMS Specifications Document will provide NMHS with a starting point so that they can begin preparing for issues that will arise.
	2.1 Data Policy

	2.1.1 Commitments

What commitments has the implementing organisation agreed to, either:

· explicitly through a contractual arrangement, or 

· implicitly through National Policy, Regional and International Agreements, Membership of the WMO Community etc.

	2.1.1.1 
WMO
	This component represents commitments that organisations make to WMO and to peer WMO members by becoming a member of the WMO community. 

For example:

· Climatological Data:
The standard and recommended practices and procedures that WMO members should or shall follow or implement are described in WMO-49. It concerns processes from the measurement of meteorological variables to final products to be delivered. It includes especially the collection, archiving, retrieval, exchange and publication of data.

The main references are the four Volumes of the WMO Technical Regulations:

· WMO-49-1, General Meteorological Standards and Recommended Practices;
· WMO-49-2, Meteorological Service for International Air Navigation;
· WMO-49-3, Hydrology;
· WMO-49-4, Quality Management.
Also see the Annexes of publications that are parts of the Technical Regulations:

· I International Cloud Atlas (WMO-No. 407);

· II Manual on Codes (WMO-No. 306);

· III Manual on the Global Telecommunication System (WMO-No. 386);

· IV Manual on the Global Data-processing and Forecasting System (WMO-No.485)

· V Manual on the Global Observing System (WMO-No. 544);

· VI Manual on Marine Meteorological Services (WMO-No. 558), Volume I;

· VII Manual on the WMO Information System (WMO-No. 1060);

· VIII Manual on the Implementation of Education and Training Standards in Meteorology and

· Hydrology (WMO-No. 1083), Volume I.
	Required

	2.1.1.2 
Resolution 40
	WMO Congress XII Resolution 40 and Congress XIII Resolution 25

These Resolutions provide guidelines for the policy and practice of exchanging data:

· meteorology: Resolution 40

· hydrology: Resolution 25

The major innovation in these Resolutions is the definition of “Essential” data. Through these Resolutions, the Members of WMO commit themselves to make “Essential” data available for any use by any users at no more than the reasonable cost of extraction and formatting for delivery to the user.

Members may not add “data cost” charges for “Essential” data. In the Annex to Resolution 40 which defines what is included in “Essential” it says:

· All reports from the network of stations recommended by the regional associations as necessary to provide a good representation of climate, e.g. data in CLIMAT/CLIMAT TEMP and CLIMAT SHIP/CLIMAT TEMP SHIP codes, etc.

Station in the Regional Basic Climatological Network are required to report CLIMAT messages. Therefore any observation element which can be reported in a CLIMAT message from any station in a RBCN is therefore “Essential” data, for which no data charges should be made, or any restriction put upon the use.

Note that these Resolutions are being overtaken by events, particularly the phasing out of codes specified in the Resolutions and the implementation of the Global Framework for Climate Services, so WMO is undertaking a review with the aim of replacing these Resolutions. It is likely that the result will be a wider definition – as Resolution 40 says, “WMO commits itself to broadening and enhancing the free and unrestricted international exchange of meteorological and related data and products”

WMO  Resolution 40 also recommends providing all data free (“free” means no data charge, but allows for the cost of extraction and formatting) to research and education users for non-commercial research projects.
	Required

	2.1.1.3 
National
	This component represents commitments that organisations are required to adhere to by nature of National policies.

Some examples are:

· National government policies on ‘open data’ and ‘open source software’

· Legislative commitments made by National Governments in Europe to adhere to the requirements of INSPIRE (see International, below).

· National Spatial Data Infrastructure frameworks that govern the exchange of national spatial data.
	Required

	2.1.1.4 
International
	This component represents commitments that organisations are required to adhere to by nature of International agreements.

Some examples are:

· International data policy agreements, such as the “Infrastruture for Spatial Information in the European Community”, (INSPIRE), has defined and legislated common principles for Europe that enable the sharing of environmental spatial information among public sector organisations. This generally includes climatological data.

· Group on Earth Observations (GEO) for the exchange of observations data

· Open Geospatial Consortium (OGC) for the exchange of data via open spatial standards.
	Required

	2.1.2 Sustainability

	2.1.2.1 
Disaster Recovery
	This component represents a policy that governs an organisation’s implementation of Disaster Recovery (DR) and Business Continuity solutions. This includes items such as data backups. Some initial items for thought:

· How important is the Climate Record?

· How often should it be backed up?

· How many redundent copies of the data should be kept?

· What secure offsite facility should be used to store DR versions of the data?

· What is acceptable downtime of each of the key CDMS applications? 
	Required

	2.1.2.2 
Funding
	This component represents a policy that governs an organisation’s approach to funding the CDMS to ensure that it is sustainable. This includes consideration of sufficient to cater for:

· Specialist climate data management staff, including staff with knowledge of observations data, Data Rescue, QA, etc.

· Specialist IT staff to support the Business As Usual maintenance of CDMS applications and related databases and IT equipment.

· Specialist IT staff to facilitate enhancements of the CDMS and related IT environments.

· Provision and scheduled upgrade of IT systems to ensure appropriate IT environments to support CDMS.
	Required

	2.1.2.3 
Data Custodian
	This component represents a policy that governs an organisation’s approach to the management and maintenance of climate data.

A data custodian is typically a senior level manager who is accountable for the integrity of the NMHS’s climate record.

Some examples of a Data Custodian’s responsibilities are:

· Ensuring the integrity of the Climate Record.

· Championing the cause of data management to ensure that sufficient funding is allocated and managed effectively to ensure the viability of the Climate Record.

· Facilitating the development and maintenance of suitable policy governing climate data.

· Ensuring that climate data is effectively managed and maintained.

· Ensuring that ‘Observations Metadata’, ‘Discovery Metadata’ and ‘Data Provenance’ data are effectively maintained.

· Establishing a formal delegation of authority to appropriate staff, together with related performance accountabilities.

· Acting as ‘Business Owner’ responsible for CDMS applications and for CDMS enhancement and maintenance IT projects.

· Ensuring that IT change does not corrupt the Climate Record.

· Etc.
	Required

	2.1.2.4 
Access to Data
	This component represents a policy that governs an organisation’s approach to allowing access to data.

Some example considerations are:

· How is read and write access to climate data controlled?

· What training is needed before staff are granted write access?

· What types of controls are required to monitor and approve changes to the Climate Record to facilitate data maintenance and error rectification?

· How are there any special access constraints to be managed, e.g. security, contractual or commercial constraints?
	Required

	2.1.2.5 
Archival Policy
	This component represents a policy that governs an organisation’s approach to the archival of climate data. This includes both digital and hardcopy historical records.
	Required


	2.1.3 Intellectual Property

This component refers to the policies that ensure that the Intellectual Property of climate data is clearly understood. 

	2.1.3.1 
Data Licencing
	This component refers to policies that ensure that any data licensing agreements that relate to the use of a dataset are clearly understood.

For example:

· What data licenses apply to NMHS data?

· What data licenses will the NMHS release it’s data under?

· Is a Creative Commons
 License appropriate?

· What data licenses used by external data providers are permitted for use within the NMHS?

· Can the data be distributed to third parties?

· Will the NMHS utilise and/or archive data that is not covered by an appropriate data license?
	Required

	2.1.3.2 
Access Constraint
	This component refers to policies that ensure that any data access constraints that relate to the use of climate data are clearly understood.

For example:

· What may the NMHS do with the data? 

· Can the data be utilised on the organisation’s web site, web services, in publications etc?

· Do any contractual constraints apply to the use of the data?

· Is the data subject to any national security constraints?
	Recommended

	2.1.3.3 
Usage Constraint
	This component refers to policies that ensure that any end user usage constraints that relate to the use of a dataset are clearly understood. These constraints may apply to the NMHS or to third parties.

For example:

· Can the data be freely re-used?

· Can derivative products be made using the data?

· Can the data be used for commercial purposes?

· Can the data be used for private use, study or research purposes?

· Can the data be shared with others?

The Creative Commons web site provides examples of data usage constraints and related licences.
	Recommended

	2.1.3.4 
Copyright
	This component refers to policies that ensure that any copyright issues that relate to the use of climate data are clearly understood.
	Recommended

	2.1.3.5 
Attribution
	This component refers to policies that ensure that any data attribution issues that relate to the use of climate data are clearly understood.

For example:

· Does an attribution apply that acknowledges the source of the data?

· What is the explicit text that must be applied when the data is used?
	Recommended


	2.1.4 Data Delivery

	2.1.4.1 
Open Spatial Standards
	This component refers to policies that ensure that climate data is delivered utilising appropriate open spatial services.

This will ensure that data is accessible to a wide range of end-users from disparate industries using a wide range of proprietary and open source software applications.

For more information, see the section of this document that deals with open spatial standards.
	Recommended

	2.1.4.2 
What Data Quality?
	This component refers to policies that ensure that issues that relate to what quality of climate data that the NMHS delivers are clearly understood. 

For example:

· What quality of climate data does the organisation deliver and in what circumstances?

· Will the organisation only provide High Quality homogenised data?

· Will the organisation provide raw observations?

· When is it appropriate to deliver data at each quality tier?
	Required

	2.1.4.3 
Open Access to Data
	This component refers to policies that ensure that issues that relate to the provision of NMHS climate data in accordance with ‘open data
’ principles are clearly understood. 

Many national governments have made ‘open data’ commitments.
	Recommended

	2.1.4.4 
Cost Recovery
	This component refers to policies that ensure that issues that relate to the recovery of costs for services that relate to NMHS climate data are clearly understood.

These policies should also take into account:

· NMHS commitments to WMO relating to Resolutions 25 and 40 as discussed above.

· National commitments to ‘open data’ policies.
	Optional


	2.1.5 Third Party Data

	2.1.5.1 
Crowd Sourced
	This component refers to policies that ensure that issues that relate to the use of ‘crowd sourced
’ climate data by the NMHS are clearly understood.

As a concept, crowdsourcing has considerable potential for enhancing data generated by NMHS, provided that it is used appropriately. There are many examples of where it has been used effectively. Some examples are:

· Open Streetmap

· Old Weather
 a Data Rescue project to digitise meteorological observations from old ship logs. 

· The UK MetOffice’s Weather Observations Website

· MeteoFrance’s Veilleurs du Temps

Some examples of issues that crowd sourcing policies should consider are, for example:

· Only accept crowd sourced data where the supplier has agreed to a data license agreement that either:

· provides the data under a Creative Commons Share Alike
 license

· assigns their Intellectual Property rights to the NMHS

· IP rights to the data are recorded for future use

· Where the data contributed is observations data:

· The contributer commits to providing and maintaining suitable ‘Observations Metadata’ for their ‘station’ and sensors.

· The contributer agrees to appropriate site visits by NMHS staff to assist with QA processes. 

· When is it appropriate to use crowd sourced data and under what conditions.

· How is the crowd sourced data to be managed?
	Recommended

	2.1.5.2 
Other Agency
	This component refers to policies that ensure that issues that relate to the use of climate related data that has been captured and maintained by agencies external to the NMHS are clearly understood.

Some examples of issues that Other Agency policies should consider are, for example:

· Is there a clear data license that allows the NMHS use the data for any relevant purpose, including:

· Internal use

· Creation of derived products

· Publishing the data on rhe NMHS web site

· Data redistribution if required?

· Are there any costs associated with the use of the data?

· Is the data a quality dataset? Does it’s ‘Discovery Metadata’ clearly describe the dataset’s:

· intended use

· lineage

· quality assessment?

· What usage constraints apply to the use of the data?

· If the data is Observations data, is there quality metadata available to support CDMS activities?

· If the data is of similar quality and intended use to NMHS data and enhance’s the NMHS data, is the provider willing to look at joint ownership and maintenance of the data?
	Recommended

	2.1.5.3 
Commercial
	This component refers to policies that ensure that issues that relate to the use of climate related data that has been captured and maintained by Commercial Organisations are clearly understood.

In addition to the considerations discussed above for ‘Other Agency’ data, other example issues that Commercial policies should consider are, for example:

· What Contractural arrangements apply to the use of the data?

· What explicit costs apply to the use of the data? Are there constraints related to:

· The number of concurrent ‘users’ who can access the data at one time?

· Are there pricing qualifications that are based on the specific server environment that hosts the data e.g.:

· How many CPU, Core, Threads etc? 

· Restrictions based on virtualisation of the server?

· Does a time timit apply to the use of the data? If so, what must be done with the data at the end of this period?

· Is the data only available via a subscription service, or via a web service on the Internet? If so, what impact will not having the data available have to NMHS operations in the event that an invoice is not paid on time?

· Are there any explicit commercial constraints on the use of the data?

· Is the data actively maintained?

· Do the costs, constraints and associated risks warrant the NMHS entering into an arrangement with the Data Provider?

· Are there alternate datasets of similar functionality and quality that could be obtained elsewhere, e.g. a ‘community maintained’ dataset like OpenStreetMap?
	Recommended


	2.1.6 Climatology Policy

	2.1.6.1 
Data Lineage Traceability
	This component refers to policies that ensure that the CDMS is able to trace the lineage of climate data from published paper back to raw observations.

This will include the ability to be able to reproduce what specific data was held in the climate database at a specific point in time.

This specific policy requirement has become increasingly relevent following the so called ‘ClimateGate’ issue. One of the conclusions of the UK Parliamentary enquiry
 that investigated this issue was that:

· “In the context of the sharing of data and methodologies, we consider that Professor Jones's actions were in line with common practice in the climate science community. It is not standard practice in climate science to publish the raw data and the computer code in academic papers. However, climate science is a matter of great importance and the quality of the science should be irreproachable. We therefore consider that climate scientists should take steps to make available all the data that support their work (including raw data) and full methodological workings (including the computer codes). Had both been available, many of the problems at UEA could have been avoided.”
	Required

	2.1.6.2 
Data Generation Policy
	This component covers a range of policies that govern the generation of observation variables.

As these rules have changed and may change again in the future, the policies will need to cover past, current and future data generation policies.

Some considerations for Data Generation Policy are:

· Policies will need to cover methods, algorithms, models and software source code used to generate data

· They should include the definition of the “climatological day” used

· They should also cover the rules that have applied to the management of missing observations.

Some inconsistencies are found in WMO guidelines such as the way to handle missing observations for the computation of a daily average or a monthly average especially between:

· WMO-100 2011, 
· WMO-TD-341 1989 and 
· WMO-TD-1188 2009. 

It is especially the case when handling a number of consecutive missing data.

Lack of WMO guidances is also noticed in the generation and the storage of Minute frequency observations data, and in the generation of hourly observation data. For example,it is also known that “Climatological Days” and “Climatological Hours” definitions may differ:

· Between NMHSs or 

· Between a given NHMS’ policy and and that used by software present in Automatic Weather Stations (that often appear as a black box to NMHSs). For example “Climatological Day” could represent the following time periods : 

· From 00:00 (HH:MM) Local Standard Time to 23:00 Local Standard Time

· From 01:00 Local Standard Time to 00:00 the next day in Local Standard Time

· From 23:46 Local Standard Time the previous day to 23:45 the current day in Local Standard Time.

The same consideration applies for the “Climatological Hour” definition.
	

	2.1.6.3 
Climate Networks
	This component covers a range of policies that determine the design of climatological networks, the station and network operations and missions including times of observations, on-site quality control, observer training, station inspections, etc.

For more information see:

· See WMO-100 2011, Chapter 2.5 to 2.6

· Also WMO-49-1 2012, [B.1.] 3.1.1.2, pp B1-2 : “The distribution of stations from which monthly surface climatological data are transmitted should be such that every 250,000 km2 is represented by at least one station and up to 10 stations where the density of the regional basic synoptic network permits; the distribution of stations from which monthly upper-air climatological data are transmitted should be such that every 1,000,000 km2 is represented by at least one station.”
	Required

	2.1.6.4 
Sensor or Station Change
	This component covers a range of policies that apply to a change affecting a station or a sensor (e.g.  replacment or relocation). Those policies are of great importance for time series analysis. They have implications on Climate Metadata and on the possible implementation of parallel observations for certain time periods.

For more information see:

· WMO-544 2010, Part III.3.2.4, pp III-17, “At reference climatological stations, any change in instrumentation should be such as not to decrease the degree of accuracy of any observations as compared with the earlier observations, and any such change should be preceded by an adequate overlap (at least two years) with the earlier instrumentation.”
· WMO-8 2010, Part II.1.1.4, pp II.1-2 : “The following general guidelines are suggested for a sufficient operational overlap between existing and new automated systems: (i) Wind speed and direction: 12 months (ii) Temperature, humidity, sunshine, evaporation: 24 months (iii) Precipitation: 60 months (It will often be advantageous to have an ombrometer operated in parallel with the automatic raingauge.) A useful compromise would be an overlap period of 24 months (i.e. two seasonal cycles);”

· WCDMP-53 2003
	Required

	2.1.6.5 
Quality Assurance Policy
	This component refers to policies that ensure that issues that relate to Quality Assurance Policy within an organisation are clearly understood.

Some issues for consideration:

· What level of Quality Assurance can the organisation afford to undertake and maintain for the long term?

· Will the organisation maintain Quality Assurancy checks on all observation phenomena, or only on a subset?

· What Quality Assurance Levels (or Tiers) does the organisation maintain for the long term?

· How is each QA Tier defined?

· What QA tests must data successfully pass before it is propoted to the next QA Tier?

· How could the ISO 9000 series of Quality Management standards help improve data management processes?

See :

· WMO-49-4, Quality Management
	Recommended


	2.2 Governance

	2.2.1 Data Governance

	2.2.1.1 
Controlled Access to Data and Systems
	This component refers to Governance Processes that ensure that issues that relate User Access to data and IT Systems within an organisation are clearly understood.

Some issues for consideration for data:

· What roles have read and write access to each type of data?

· What roles have read and write access to each quality tier of data?

· What process is in place to allocate users to each role?

· What process applies to ensure that access to data is subject to approval by a delegate of the Data Custodian?

· Should users who have write access to data stored within a database only be able to change data under program control?

· Should each successful change to observations data be audited to ensure that any record that has changed is recorded, including details of the operator who made the change?

Some issues for consideration for systems:

· What roles should application run-time users utilise to access data?

· What roles have the ability to change operational software or systems?

· What process applies to ensure that access to systems and software applications is subject to approval by a delegate of the Data Custodian?
	Required

	2.2.1.2 
Approval Process New Data Type
	This component refers to Governance Processes that ensure that issues that relate to the approval of new data types within an organisation are clearly understood.

Some issues for consideration for data:

· What needs to be considered prior to accepting a new data type for long term archival?

· What are the projected data storage requirements for the data?

· What is the appropriate data format to store the data in for the long term? 

· Is there likely to be an application that can read that data format in ten or twenty years?

· What skills are available to process and analyse the data? 
	Required

	2.2.1.3 
Approval Process to Change Data
	This component refers to Governance Processes that ensure that the approval process required to modify data held within the Climate Record within an organisation are clearly understood.
	Required

	2.2.1.4 
IT Change Approvals – No Data Corruption
	This component refers to Governance Processes that ensure that any IT change does not result in a change to, or corruption of the Climate Record within an organisation are clearly understood.
	Required


	2.2.2 IT Governance

This collection of components refers to the high level governance of Information Technology to ensure that effective CDMS are developed, enhanced and maintained.

While these components are specifically aimed at larger organisations with a substantial investment in information and communications technology, smaller organisations can also benefit from investment related to the types of issues discussed.

These issues will only be discussed very briefly, as each sub-component refers to a substantial body of knowledge that will require ongoing investment in specialists to ensure effective management of ICT resources and funds.

	2.2.2.1 
Managed Change
	This component refers to Governance Processes that ensure that any change to the CDMS is carefully managed.

Uncontrolled change can result in chaos for users of the CDMS, e.g.:

· Systems my break for no known reason. 

· Data corruptions or even data loss may be experienced, and may not be detected at all.

· Provenance of data is severely impacted, as data manages do not know what algoritms or processes have been applied to data.

· Consideral disruption may be experienced by staff that rely on the CDMS for day to day activities.

· Impacts of data corruption, data loss and lack of availability of key systems may have a significant impact on the reputation of the NMHS.

Some issues to consider:

· How is the change process managed?

· Who needs to be consulted when considering a potential change?

· How is the proposed changed analysed to assess its potential impact on data integrity and on other CDMS components?

· Who can authorise a change?

· What testing is required to mitigate the potential impacts of the change and to give confidence that the change is desirable?

· How can the change be deployed with minimal impact?

· Are there any dependancies between a series of proposed changes that may dictate that the changes occur in a particular order?

· How is the change to be deployed and tested?

· If the deployment of the change fails, how can it be rolled back to the system’s previous state? 

· How can CDMS components be implemented such that they are self testing to support concepts such as ‘continuous integration’?

· Will processes based on ITIL
 help improve the management of IT related change? 
	Required

	2.2.2.2 
Project Management
	This component refers to Governance Processes that ensure that any development activity, infrastructure change or other enhancement related to the CDMS is carefully managed.

Project Management is another very specialised field of information technology. Good project managers and project governance processes can mean the difference between a project delivering desired results or the same project failing at great expense and possibly with corruption of the Climate Record.

Uncontrolled enhancement can result in e.g.:

· undesirable functionality added to the CDMS.

· lower priority work undertaken at the expense of higher priority tasks.

· Development activities that do not have a clearly defined scope, deliverables, timeline and budget.

Some additional considerations include:

· How is the business benefit for a proposed project defined and assessed?

· How are the relative priorities of projects assessed?

· How are projects managed? What project management approach is adopted?

· What process is used to monitor the progress of a project?

· How are the project deliverables assessed to ensure that they meet requirements?

· What lessons can be learnt from a finished project?
	Recommended

	2.2.2.3 
IT Architecture
	This component refers to strategic IT Governance Processes that ensure that CDMS and related IT systems are carefully designed to ensure that the science and NMHS CDMS requirements are implemented effectively and efficiently.

Uncontrolled development of components can have adverse impact on the CDMS, including on the NMHS’ ability to maintain the CDMS for the long term. For example:

· Reliance on proprietary solutions provided by a single vendor could potentially result in a concept known as ‘vendor lockin’. As time passes, typically more and more components are been developed based on the solution. It can be very difficult and costly for a NMHS to move to a new CDMS related solution if the current vendor becomes insolvent; decides it is no longer in its interest to offer CDMS components; ceases to maintain its systems; or no longer offers a competitive CDMS solution.

· Similarly, uncontrolled bespoke development of CDMS components by NMHS staff or contractors can also be a problem. This may result in a wide variety of disparate CDMS components being developed that cannot be easily integrated. Many different types of technology could be used reulting in expensive maintenance costs. Key Person dependancies could develop leaving the NMHS with a significant and costly issue to resolve, particularly if the ‘key person’ leaves the organisation and the CDMS ceases to operate. 

· CDMS component solutions could be developed by that do not effectively utilise NMHS climate data, e.g.:

· Data may be replicated out of the Climate Database into stand alone files to support a particular technology, or due to the experience levels of the developer. Where as the data in the Climate Database is subject to a lengthy QA lifecycle and subject to change, the replicated data is as at a point in time and may not be updated to reflect later changes to the Climate Record. This may become a significant issue for the NMHS, particularly if this practice is a systematic issue used by many developers, across many applications over many years.

· The data extraction process may not take into account QA flags and just present raw observations.

· Developers may not understand the complexities of the Climate Database’ data model and extract incorrect data. 

· Components may have any number of data inconsistancy or misuse issues. What is the impact on the NMHS’ reputation if the ‘same’ data is presented with differing values by different CDMS components? 

This is a specialised field of information technology that is typically undertaken by highly experienced professionals with very broad IT experience. Ideally this function will be undertaken be experienced NMHS staff to ensure that consistent CDMS components are implemented in accordance with a strategic vision.

See also:

· Enterprise Architecture

· Solutions Architecture

	Recommended

	2.2.2.4 
Documentation
	This component refers to governance processes that ensure that the CDMS is adequately documented and this documentation is kept up to date to facilitate efficient day to day use by staff and to ease the learning curve of new staff, contractors, consultants etc.

This documentation is very broad and includes:

· Overview of CDMS

· CDMS components, design, business requirements, architecture, test plans, deployment processes.

· CDMS Policies and Governance processes

· CDMS Backup and Disaster Recovery processes

· IT Systems Management and Administration processes,

· Various CDMS related metrics.
	Recommended
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The definition of what is considered to be Climate Data has been broadened beyond traditional meteorological data with this CDMS Specification to ensure that consideration is given to a wide range of data that is relevent to climate and related uses. Considering modern demands for transparancy and tracability, it is now time to subject a wider range of climate data to more appropriate and consistent data management principles.
Therefore the definition of what is data of interest for climate purposes has been extended to include:
· Meteorological observations

· Observations of a wide range of variable, e.g. the GCOS Essential Climate Variables

· Numerical climate models

· WMO Standard Products

· Derived data, both observations based and also gridded spatial distributions

· Other related data
Climate data management also has challenges that are not currently found with many other types of data, for example:

· Each type of data is considered to be time series data. 

· It is becoming increasingly important to understand the provenance of the data

· Big data characterised by large volumes of data in a variety of data formats that present challeges for effective data management.

	2.3 Observations Data

	2.3.1 Climate Observations

The component refers to the capacity of the system to handle climate observations variables which are needed for NMHSs policy and governance. The list below is not comprehensive, and additional variables may be required or recommended. This list is based on the Essential Climate variables published in 2010 by the Global Climate Observing System.

Observations include measurements made by observers, traditional sensors and remote sensors.

For more information see:

· GCOS

· GCOS ESV 2010

	2.3.1.1 
Atmospheric 
	Observations relevant to the GCOS Essential Climate Variables (ECV) are required to support UNFCCC and IPCC processes.

Observations relating to the following Atmospheric ECV (over land, sea and ice) are required:

· Surface

· Air temperature

· Wind speed and direction

· Water vapour

· Pressure

· Precipitation

· Surface radiation budget

· Upper Air

· Air temperature

· Wind speed and direction

· Water vapour

· Cloud properties

· Earth radiation budget (including solar irradiance)

· Composition

· Carbon Dioxide

· Methane

· Ozone 

· Aerosol

· Other

For more information see:

· GCOS ESV 2010
· WMO-100 2011, Table 2.1
	Required

Required

Recommended



	2.3.1.2 
Terrestrial
	Observations relating to the following Terrestrial ECV are required:

· River discharge

· Water use

· Groundwater

· Lakes

· Snow cover

· Glaciers and ice caps

· Ice sheets

· Permafrost

· Albedo

· Land cover (including vegetation type)

· Fraction of absorbed photosynthetically active radiation
· Leaf area index
· Above-ground biomass
· Soil carbon
· Fire disturbance
· Soil moisture
For more information see:

· GCOS ESV 2010 

· WMO-100 2011, Table 2.1 
	Recommended

	2.3.1.3 
Oceanic
	Observations relating to the following Oceanic ECV are required:

· Surface

· Sea surface temperature

· Sea surface salinity

· Sea level

· Sea state

· Sea ice

· Surface current

· Ocean colour

· Carbon dioxide partial pressure

· Ocean acidity

· Phytoplankton

· Sub-surface

· Temperature

· Salinity

· Current

· Nutrients

· Carbon dioxide partial pressure

· Ocean acidity

· Oxygen

· Tracers

For more information see:

· GCOS ESV 2010 

· WMO-100 2011, Table 2.1
	Recommended


	2.4 Climate DB

	2.4.1 Climate Database

This component refers to the database(s) used to store and manage a range of time series data, including: Climate Observations, Climate Metadata (Observations, Discovery and Data Provenance), spatial information, derived data and related data required for effective data management.

Core observations required in a Climate Database are Meteorological Observations as described at:

· WMO-100 2011

It is recommended that the Climate Database will ideally provide support for the following functionality:

· Integration and management of Observations Metadata (i.e. ‘Stations Metadata’) with observations data 

· Management of metadata related to data provenance, including details of why a particular change was made to a record

· utilises a robust data model, that takes into account the requirements of open spatial standards, particularly ISO 19156 Observations and Measurements 

· supports multiple tiers of quality, from raw records to homogenised data

· supports the concept ‘uncertainty’ in data  (See Wikipedia-1 2013 and Wikipedia-2 2013 for more information)

· supports multiple sensors per station, per phenomena, recording the source of each observation

· ensure that each change to an observation is recorded for future recovery, if required

· ensure that the reason for each observation change is recorded

· supports point in time recovery, e.g. what data was present in that database for station ‘x’ at time ‘t’? 

· supports management of 3rd party and ‘crowdsourced’ data 

· supports management of Intellectual Property rights in data 

· management of ‘Discovery Metadata’ 

· management of multi-dimensional time series gridded data 

· support for spatial and time series 

· support for semantics and LinkedData 

· trace product lineage to source data used e.g. what observations and gridded data was used to underpin the analysis released in the peer reviewed paper ‘x’.

· Support GCOS Essential Climate Variables

· Supports the storage of a range of document formats, e.g.:

· Photographs of observation stations and instruments, meteorological phenomena etc

· Scanned paper observation forms

· Scanned microfiche / microfilm

· Relevant stations metadata documents, e.g. instrument calibration reports

· Technical manuals

· Site location plans and sections

· Videos and other multimedia formats

	2.4.1.1 
Data
	This component represents the actual data that is stored within the climate database.
	Required

	2.4.1.2 
Data Dictionnary
	This component represents the Data dictionary describing the database structure, data model etc that is used by the climate database.
	Required

	2.5 WMO Standard Products

	2.5.1 Observation Data Products

This component outlines the types of data products that the NMHS has committed to generate and provide to WMO.

	2.5.1.1 
Extremes
	This component represents extreme data that has been computed from observation data for WMO products purposes.

Some examples are extremes data required for:

· SYNOP message

· CLIMATE message
	Required

	2.5.1.2 
Standard Normals
	This component represents monthly and annual standard normals.

For more information see: 

· WMO-TD-341 1989

· WMO-49-2 2012

· WMO-100 2011, 4.8 Normals

· WMO-306 2012

· WMO-847 1988
· WMO-TP-108 1967

· WCDMP-61 2007
	Required

	2.5.1.3 
CLIMAT
	This component represents CLIMAT messages in either TAC or TDCF formats. These messages are transmitted to WMO via the GTS.

For more explanation see: 

· WMO-TD-1188 2009

· WMO-TD-1477 2009

· WMO-306-3
	Required

	2.5.1.4 
World Weather Records
	This component represents annual World Weather Records.

For more explanation see: 

· WDMP No 77
	Required

	2.5.1.5 
Aeronautical Climatology
	This component represents monthly Aerodrome Climatology Summary – Tabular Forms (A to E)

For more explanation see: 

· WMO-49-2 2012, C.3.2 Aeronautical Climatology
	Required

	2.5.1.6 
Other
	This component represents other WMO standard products as may be required.

To be confirmed, particularly for the Hydrology, Agriculture and Marine domains.
	Recommended

	2.5.2 Climate Change Indices

The component represents the recommendations of the Commission for climatology in the elaboration of Climate Change indices. The CCl/CLIVAR Working Group (WG) on Climate Change Detection have been coordinating an international effort to develop, calculate, and analyse a suite of indices so that individuals, countries, and regions can calculate the indices in exactly the same way such that their analyses will fit seamlessly into the global picture.

Those indices have been split in two categories: one which is considered to be core indices, the other considered as approved indices.

For more information see the web site of the Joint CCl/Clivar/JCOMM Expert Team On Climate Change Detection And Indices (ETCCDI/CRD): 

·  http://etccdi.pacificclimate.org/indices.shtml

	2.5.2.1 
Core Indices
	This component represents the ETCCDI/CRD core Climate Change indices.
As at June 2013, 27 core indices have been defined, see:

· http://etccdi.pacificclimate.org/list_27_indices.shtml
	Recommended

	2.5.2.2 
Other Indices
	This component represents other Climate Change indices.
June 2013, Different research groups have defined different indices for their particular purposes. One example is the STARDEX project, mentioned also in the previous link.
	Recommended

	2.6 Derived Climate Data

	2.6.1 Derived Observation Data

This component describes a range of derived observational data products that have been generated from climate observation variables.

	2.6.1.1 
Normals
	This component represents any non WMO standard Normals.

· Non standard normals may reflect:

· a change in the 30 years period reference (e.g. to calculate, in 2013, monthly normals over the period 1981-2010 while the standard period, in 2013, is still the 1961-1990 period); or

· a change in the average time period (e.g. to calculate Ten Day normals in addition to Monthly normals).

A change in the 30 years period reference : 

· In WMO-49-2, [B.1.] 4.2.5, it is stated that, in certain conditions, averages for shorter periods may also be useful (e.g. five years).

· WMO is in the process of redefining the update and period reference of the normals. One solution could be
 to retain a base period of 30 year normals, updated every 30 years (the standard one) and to add a set of 30 year normals updated every 10 years such as 1981-2010 then 1991-2020, 2001-2030, etc. Some NMHSs are currently calculating those normals.

A change in the average time period:

· Not only monthly normals could be computed. For some purposes, such as agrometeorology or other domains,Ten Day, Five Day, Daily and Hourly Normals are required.
	Recommended

	2.6.1.2 
Computation

	This component represents compute from observation data any data needed for NMHS products purpose. Those computation shall be in accordance with the Climatology policies in place.

Some examples are:

· The data generation as a cumulation, an average or an extreme e.g. generation of Ten Day data from Daily Data, generation of Daily Data from Hourly Data, etc.

· The generation of particular data derived from raw data e.g. computation of the Evapotranspiration (ETP) for agricultural purpose.

· The generation of any statistical parameter required for products such as extreme value analysis, homogenised data, etc.
	Recommended

	2.6.1.3 
Other
	This component supports the functionality required to create any other product not mentioned above and needed for NHHSs.
	Recommended

	2.6.2 Derived Gridded Spatial Distribution of Observations

This component supports the functionality to generate or manipulate gridded data according to different techniques such as interpolation and extrapolation.

Some of those techniques are described in:

a. WMO-100 2011, Chapter 5.9 Estimating Data



	2.6.2.1 
Climate Observation
	Generate gridded data from climate observation variables
	Recommended

	2.6.2.2 
Derived Data
	Generate gridded data from derived data that could be:

Singular variable such as Normals data, averages data, cumulative data, homogenised data, etc.

Multi-variables such as generation of anomalies (the difference between the Normals data and a specific monthly variable) or more complex data as Evapotranspiration (ETP).


	Recommended

	2.6.2.3 
Other
	
	Recommended


	2.6.3 Numerical Models

Combined with Observation data, Modelling data is part of derived observation data that participate to a large panel of climatological activities. Some examples are:

Data Control. Observation data could be controled with output of Numerical Weather Prediction models, or with Reanalysis.
Data estimation. Data could be estimated or reconstructed with Reanalysis output where observation is not available.
Products that mix historical data and prediction data. It is for example irrigation assistance with the delivery of Evapotranspitration monitoring where statistics on historical data, past-week data, current data and predictice data are needed.

The delivery of climate prediction and projection at various time scale


	2.6.3.1 
Numerical Models
	The component refers to the capacity of the system to handle modelling data. Those data are generally represented by multi-dimensional array grids that are generated as output from numerical models.

Some examples are:

· Climate models (such as Global Climate Models) are numerical representation of the climate system based on physical, biological and chemical rules. It varies on timescales ranging from seasonal to centiennial.

· Downscaled models that are derived from Climate models, but at a much higher resolution to support regional and local analysis. 

· Reanalysis. Designed for climate studies, reanalysis provide gridded data over a long time period. Reanalyses are created via an unchanging ("frozen") data assimilation scheme and model(s) which ingest all available observations. This unchanging framework provides a dynamically consistent estimate of the climate state at each time step. Some available reanalysis are : ERA-40 (40 years data), ERA-Interim (1979-present), C20r from NOAA (1875-2009), etc.
· Numerical Weather Prediction.(NWP).
· Hindcast models that validate the results of a model against historical data.

See WMO-100 2011, Chapter 6.7
	Optional


	2.7 Spatial

	2.7.1 Spatial / aspatial

This component represents a wide range of spatial information that is typically used to provide context to Climate data or to as an input for spatial analysis processes. This data may be vector, image, gridded or multidimensional array data.

Typically, spatial representations of data contain aspatial attribute data that describe various properties of spatial features. The spatial and aspatial attributes of the data can be used to support a variety of spatial analysis processes.

	2.7.1.1 
Topography
	While the generic term topography is used for this component, it actually refers to a wider set of data. 
Some examples are:

· Typical topographic data such as drainage, relief, cultural and nomenclature features

· Digital Elevation Models

· Localities and gazeteers

· Administrative boundaries

· Cadastre
	Recommended

	2.7.1.2 
Emergency Management
	This component refers to datasets that are useful to support warning systems.
	Recommended

	2.7.1.3 
Agricultural
	The component refers to agricultural information datasets. 
Some examples are:

· Data coming from the “Food and Agriculture Organisation” that could concern the subjects of agriculture, animal production and health, fisheries, forestry, land and water, plant production and protection

· Regional, national or international data from different organisations such as Primary Industries departments, research centers on agriculture, etc.
	Recommended

	2.7.1.4 
Health
	The component refers to a wide variety of health datasets. 
Some examples are:

· Data coming from the “World Health Organisation” covering datasets on a very large spectrum;

· National or international data coming from different organizations such as Health Departments, health research centers, etc.
	Recommended

	2.7.1.5 
Environmental
	The component refers to environmental datasets. 
Some examples are:

· Data coming from the “United Nations Environment Programme” (UNEP) or the  “United Nations Educational, Scientifics and Cultural Organisation” (UNESCO);

· National or international data coming from different organizations such as Environment Departments, research centers, etc.
	Recommended

	2.7.1.6 
Administrative
	This component refers to a range of administrative data. 

Some examples are:

· Localities and gazeteers

· Administrative boundaries

· Transportation networks

· Cadastre
	Recommended

	2.7.1.7 
Other
	This component refers to a range of other spatial data that may be relevent to climate uses. 
	Optional


	2.8 Static Web Content

	2.8.1 Web Site Content

	2.8.1.1 
Structured and Unstructured textual data
	
	

	2.8.1.2 
Diagrams
	
	

	2.9 Climate Software

	2.9.1 Software

	2.9.1.1 
Source Code Management
	
	

	2.9.1.2 
Package Management
	
	

	2.9.1.3 
Environment Configuration
	
	


3 Climate Data Management

The Climate Data Management functional group represents the range of functionality that is typically required to effectively manage CDMS data.
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	3.1 Climate Metadata

	3.1.1 Observations Metadata

This component supports access to and management of ‘Stations Metadata’ and Platform Metadata. Stations or Platform Metadata is time series data about how and where meteorological observations were made and the conditions that they were made under. It is used to support a range of activities that allow climate professionals to understand the fitness for purpose of specific data and in many cases improve the quality of climate observations data.

To note:

1. As a general rule, it will be necessary to record and maintain the details of any change to observations metadata. This will be required to understand the context of specific climate data, as well as to support future data homogenisation activities. In adition to details of the change, specific reference must be made to:

· the Date/Time that the change occurred.

· The reason that the change was made

· the beginning and the end dates that the prior value applied.

2. Any Date/Time reference will need to be constrained by the appropriate Temporal Datum to ensure that date handling is consistently applied.

For more information see:

· WMO-100 2011

· WMO-8 2010

· WMO-544 2010, Attachment III.1, Standard Set of Metadata Elements For Automatic Weather Station Installations

· Bannerman B 2012

· Stuber D 2012
· WCDMP-53 2003

	3.1.1.1 
Station Identifier
	This component supports the management of the identifiers associated with the observation station or platform.

Identifiers include:

· A globally unique identifier (a future WMO Identifier)

· Other identifiers or aliases used for the station

· History of past identifiers that have been used

· Beginning and end date for each historical identifier used for the station
	Required

	3.1.1.2 
Station Overview
	This component supports the management of the overview information associated with the observation station or platform.

Identifiers include:

· Station Owner

· If required, Sensor Owner

· Station Manager

· If required, Sensor Manager

· Maintenance Authority

· If required, Sensor Maintenance

· Station Licence Agreement

· If required, Sensor Licence Agreement

· Station Data Licence Agreement

· If required, Sensor Data Licence Agreement

· Station Data Usage Constraints

· If required, Sensor Data Usage Constraints

· Network(s) affiliation

· Purpose of station

· Observation practices

· Human Resource

· Observers and maintenance personell, names, experience, level of training

· Station logistics, including consumables, electricity suppliers, communications suppliers etc
	Required

	3.1.1.3 
Station Status
	This component supports the recording of station activity time period(s) associated with observations made at the observation station or platform.
	Required

	3.1.1.4 
Station Type
	This component supports the recording of the category of the station or observation platform.

Ideally, this category will be recorded per instrument used at that station.

At a minimum, Station Type is to be recorded in accordance with the guidelines at:

· WMO-306-1 2012, Code 1860, pA-297

· WMO-306-2, Code 0 02 001, pI.2-CODE/FLAG Tables/02-1 

In addition, there may be multiple type definitions that are used by the NMHS and other organisation.
	Required

	3.1.1.5 
Location
	This component supports the recording of details relating to the location of the station or observation platform.

In addition, the location of each sensor located at the station is also required 

The type of information required is:

· Latitude

· Longitude

· Elevation

· Spatial Reference System (Horizontal and vertical)

· Date/Time

· Temporal Reference System

· Method of observing location

· Positional accuracy of location

· Date/Time of station or sensor move, together with historical location

· Administrative boundaries that the station is located within (as required by NMHS)

· Time Zone

In some situations, it may be necessary to move a station and keep the same station identifier. This should only be done in accordance with NMHS data policy and data governance processes. Typically, this will involve parallel observations at both the old and new station for a period of time (e.g. 2 years).

In the event that this is necessary, the time of the move, together with current and past location details should be maintained.

The precision required for Latitude and Longitude measurements is ±1 meter.

Administrative boundaries may relate to a range of boundaries that contain the station, including:

· political boundaries, e.g. State, Region, District etc

· administrative boundaries, e.g. forecast district

· natural boundaries e.g. hydrological, catchment, or topographic areas 

For more information see:

· ISO-19111 2009

· WMO-8 2010 Section 1.3.3.2, pI.1-5. Specifically note instructions on determining the elevation of a station relative to the raingauge.
	Required

	3.1.1.6 
Local Environ
	This component supports the recording of details relating to the local environment surrounding the station or observation platform.

The type of information required is:

· Site location diagram

· Site plans

· For an example, see WMO-8 2010, Figure 1.1, pI.1-4

· Site skyline diagram

· Site photographs and video

· Station exposure

· Site ‘roughness’

· Type of soil

· Type of vegetation 

· Surrounding Land Use

· Date/time of each visit

For more information see:

· WMO-8 2010 Annex 1B, pI.1-19 Siting Classifications for Surface Observing Stations On Land

· WMO-8 2010 Section 1.3.3, Siting and Exposure

· WMO-8 2010 Annex 1C, pI.1-30 Station Exposure Description
	Required

	3.1.1.7 
Sensor
	This component supports the recording of details relating to the meteorological sensors and/or instruments that are hosted at the station or observation platform. The term sensor will be used in this document.

The type of information required is:

· Sensor description, including:

· Name

· Type

· Serial number

· Brand and Model details

· Photograph of sensor in situ

· Supplier

· Manufacturer

· Location of manuals

· Sensor firmware, version and dates each version of the firmware was used for

· How long observation data is stored locally on the sensor, prior to deletion

· Sensor status, including:

· Operational status

· Date/times applicable for each status

· Sensor maintenance:

· Scheduled maintenance

· Actual maintenance

· Result

· Replacement of consumables

· Sensor Uncertainty

· System performance statistics claimed by manufacturer

· Sensor callibration results

· Observed Sensor Performance Characteristics

· Sensor siting details

· Instrument height above ground 

· Station Exposure description

· As discussed it the Observations Metadata>Location component above, the location of each sensor is required

· Recommended sensor settings for optimal operations at site

· Observed Property (i.e. meteorological variable) details, including:

· Phenomena observed

· Frequency of measurement

· Frequency of acquisition

· Units of measurement

· Precision of measurement
	Required

	3.1.1.8 
Data Processing
	This component supports the recording of details relating to any data processing that has been applied to an observation.

The type of information required is:

· Software, including:

· Version

· Software Language

· Software Name

· Location of software source code

· Formula implemented

· Processor details (e.g. type of CPU, version etc)

· Date/Time covering period of validity of method etc

· Input source, e.g. (instrument, element, etc.)

· Data output, including:

· Data format and version of format
	Required

	3.1.1.9 
Data Transmission
	This component supports the recording of details relating to the transmission of data from stations or observation platforms.

The type of information required is:

· Sensor communications, including:

· Primary communications details

· Redundant communications details

· Network addresses

· Method of Transmission

· Data Transmission frequency

· Data Transmission time
	Required

	3.1.1.10 
Network
	This component supports the recording of details relating to Observation Network(s) that stations or observation platforms may belong to.

The type of information required is:

· Network name (e.g. RBCN, RBSN, GCOS, GUAN, National Climate Network, etc)

· Network Priority 

· Critical

· Essential

· Nice to have

· time of observations

· reporting frequency

· Date/Time of network membership
	Required

	3.1.1.11 
Observation Metadata Catalogue Services
	
	Required


	3.1.2 Dataset Discovery Metadata

This component refers to the processes, software and governance that ensures that ‘Discovery Metadata’ is captured, managed and maintained.

‘Discovery Metadata’ is intended to facilitate the discovery and assessment of a spatial dataset to determine if it is fit for re-use for a purpose that may be at odds with the reason that it was originally created.

Discovery Metadata may also known as WIS Metadata. It is not the same as ‘Stations Metadata’ as described above.

For more information see:

· Bannerman B 2012

· Tandy J 2010

· ISO-19115 2003

	3.1.2.1 
Dataset Identifier
	
	Required

	3.1.2.2 
Dataset Overview
	
	Required

	3.1.2.3 
Dataset Data Quality
	
	Required

	3.1.2.4 
Distribution
	
	Required

	3.1.2.5 
Access Constraint
	
	Required

	3.1.2.6 
Dataset Maintenance
	
	Required

	3.1.2.7 
Spatial Representation
	
	Required

	3.1.2.8 
Reference System
	
	Required

	3.1.2.9 
Discovery Metadata Catalogue Services
	This component refers to the technology and processes that provide a Registry that publishes an organisation’s data holdings as ‘Discovery Metadata’ records with corresponding records that describe what on-line services may be used to access each dataset.

This component also supports semantic search requests such as those used with LinkedData.

A Registry allows an organisation to participate within WMO’s WIS environment.
	Required


	3.1.3 Data Provenance


	3.1.3.1 
Audit Logs
	This component refers to the processes, software and governance that ensures that any change to a record within the Climate database is audited.
	Recommended

	3.1.3.2 
Lineage
	This component refers to the processes, software and governance that ensures that a data set’s lineage is understood.

This includes understanding:

· Who the producer is;
· Where the data came from;
· How the data has came into the CDMS;
· What processes has it been subjected to.
What data was used and generated to arrive at the conclusions of a published report? Where can it be obtained from? Where is its Discovery Metadata?
	Required

	3.1.3.3 
Record of why changes made to observations
	This component refers to the processes, software and governance that ensures that any ad-hoc modifications to a climate record are clearly understood.

This includes:

· Who made the change

· What was changed

· When was the change made

· Why was the change made

· Details describing what was done

· Who authorised the change
	Recommended


	3.2 Extract Transform Load

This component covers a very broad range of functionality relating to the capture and initial processing of observation and related data.

In essence, this component involves the following broad functionality:

· Extract raw observations from their source

· Transform observations as required from one format into another more suitable for data management, analytical and storage activities
· Load both raw observations and transformed observations into the Climate Database.

	3.2.1 Data Extraction

	3.2.1.1 
Data Extraction
	This component allows data to be extracted from the climate database in accordance with NMHS Data Policy and Governance processes.

Data may be transformed into a wide range of formats as described by the Data Ingest Component.
	Recommended

	3.2.2 Data Ingest

	3.2.2.1 
Business Rules
	This component supports a wide range of user defined Business Rules that govern how data is ingested into the Climate Database. Some examples are (for observations data):

· Specific actions required should a record exist in the database for the time period and phenomena to be ingested;

· Action required should a message arrive for ingest, where the message type is not appropriate according to the ‘stations metadata’ on record for that station;

· Action required should a message arrive that contains an observed value that is outside the accepted bounds for a given phenomena: e.g. a message contains a value of 90°C for temperature, where the maximum accepted temperature is 60°C.
· Action required should a message arrive that is of a lower order of precedence to one that has already been ingested for the same time period and station.
	Required

	3.2.2.2 
WMO Messages
	This component supports the import of data from a range of WMO message formats, including WMO Table Driven Code Formats.

Some examples are:

· Binary:

· BUFR

· GRIB

· Alphanumeric

· CREX

· SYNOP

· TEMP

· SHIP

· METAR

· etc

For more information see:

· WMO-1, WMO International Codes
	Required

	3.2.2.3 
Vector
	This component supports the import of a range of vector spatial formats. 

For example:

· Shape file

· Geography Markup Language
 (GML)
	Recommended

	3.2.2.4 
Raster Array
	This component supports the import of a range of raster array spatial formats. 

For example:

· CF-netCDF

· HDF

· ArcInfo Ascii
	Recommended

	3.2.2.5 
Other formats
	This component supports the import of a range of other formats. 

For example:

· Photographs (PNG, JPEG, TIFF etc)

· Scanned Documents

· PDF files

· ASCII generic formats such as CSV

· etc.
	Recommended

	3.2.2.6 
Status log
	This component supports the recording of the status of each ingest activity to support:

· monitoring of ingest job status

· automatic recovery of failed ingests

· recording of warning and other error messages to support manual intervention if required.
	Required

	3.2.2.7 
Automated with self recovery
	This component supports the automated ingest of a range of ingest types (particularly WMO Messages and automatic weather stations).

The component also supports the automatic recovery of ingest tasks in the event that a task either fails in its entirety or fails part way through an ingest. This failure could be for a number of reasons including:

· corrupted messages

· network failures

· hard disk failures

· database failures

· etc
	Recommended

	3.2.2.8 
Transformation
	This component supports the transformation of an ingest record. This may include:

· transforming data from one format to another

· transform codes to formats more suitable for the destination climate database

· correcting records that have abreviated in accordance with accepted local observation practice 
	Required


	3.3 Data Rescue

	3.3.1 Imaging

	3.3.1.1 
Document Imaging
	This component supports the functionality required to digitally capture a physical document and store the resultant file and associated ‘Discovery Metadata’, perhaps within the Climate Database.

Some examples of the types of documents to be digitally captured are:

· Scanned paper observation forms

· Scanned microfiche / microfilm

· Relevant stations metadata documents, e.g. instrument calibration reports

· Technical manuals

· Site location plans and sections

For more information, see:

· WCDMP-55
	Recommended

	3.3.1.2 
Optical Character Recognition
	This component provides the functionality required to digitically capture data stored on scanned documents.

For example:

Hand written and/or typed meteorological observation forms
	Optional

	3.3.1.3 Chart Digitisation


	
	This component provides the functionality required to digitise data from recording cards such as those used with meteorological instruments: Campbell-Stokes sunshine recorder, thermograph, barograph, etc.
	Recommended

	3.3.2 Monitoring

	3.3.2.1 
Data Rescue Metrics
	This component maintains metrics relating to the capture of historical observations data, e.g.:

· Data rescue project, name and brief description

· Countries where activity taking place

· Contact person for project

· Types of data rescued

· Freq of data

· Summary and Percent digitised

· Summary and Percent scanned

· Summary and Percent scanned but not digitised

· Summary and Percent undigitised

· Etc.
	Required

	3.3.3 Data Entry

This component provides the functionality required to enable an appropriately authorised person to manually enter data into the climate database.

This functionality is typically tightly controlled according to NMHS Data Governance processes. 

Example considerations are:

· Data Entry staff should only be able to write to the database under program control, with appropriate safe-guards in place to protect the integrity of the climate database.

· Any functionality that provides write access to the database should also include an auditing capability to allow independent review of database changes. 

· One example could be the use of database triggers on appropriate tables that write the details of a transaction, including previous values into a separate set of audit tables.

· Another approach could be to ensure that the Data Entry process creates an interim data file that is then enterred into the database via ‘Data Ingest’ processes, bypassing the need for direct access to the database.

· In some instances, there may be a requirement to allow multiple users to key data for the same form concurrently.

· NMHS Data Policy may enforce the need for Double Key Entry practices, where two or more data entry operators key in data for the same form, independent of each other.

· Careful consideration should be made to ensure that an organisation has very effective IT security and monitoring in place, prior to allowing key-in access via the Internet. Most organisations will not have suitable controls in place. Therefore, as a rule key-in via the Internet should be avoided.

· NMHS Data Policy should provide guidelines as to appropriate data quality considerations are applied to data that is manually entered. 

	3.3.3.1 
Forms
	This component supports:

· Custom definition of user input forms that mimic traditional meteorological forms (including language where appropriate).

· Efficient and effective data entry that minimises operator fatigue and automatically calculates appropriate values.

· Ensuring that the integrity of the climate database is protected, by validating data prior to commit to the database.
	Required

	3.3.3.2 
Key Entry
	This component provides the functionality to support manual key-in of meteorological data.

The component should provide adequate support for monitoring the validity of data that is entered. Some examples are:

· Performing data quality consistancy checks of the data to be entered. These checks, including appropriate values are to be customisable according to NMHS Data Policy and Governance processes. 

· Ensuring that appropriate data types and context is entered for each field.

The component should alert the operator to any issues detected, providing appropriate advice as per NMHS Data Policy guidelines.
	Required

	3.3.3.3 
Computation
	This component allows for the computation of appropriate values at data key-in.

Such computation is to be customisable according to NMHS Data Policy and Governance processes. 

Some examples of possible scenarios where this functionality may be used are:

· The computation of a value for Relative Humidity after the values for Temperature and Dry Bulb and Dew Point have been entered.

· Decoding shorthand codes and replacing them with appropriate values.
	Required


	3.4 Observations Quality Control

	3.4.1 Quality Management

For more information see:

· WMO-100 2011

· WCP-85

· WCDMP-60 2007

	3.4.1.1 
Consistancy Checks
	This component covers a range of tests to ensure that inconsistent records are either rejected, or flagged for manual investigation.

Some examples are:

· Is the minimum temperature lower than the maximum temperature?

· Is the maximum temperature within the historical range for maximum temperatures for a given station?
	Required

	3.4.1.2 
Data Fusion
	This component covers a range of tests that utilise and cross reference data from a range of sources to validate suspect observations. 

Some examples of datasets that may be coroos referenced are:

· Observations data showing daily precipitation at a station

· Radar data covering the station

· Synoptic forecast charts

· Satellite imagery
	Recommended

	3.4.1.3 
Heuristic Checks
	This component covers a range of tests that rely on experience and knowledge of observation processes, techniques and instrumentation to detect inconsistent records and flag them for manual investigation.

Some examples are problems typically caused by:

· inexperienced operators

· instruments that are not or are incorrectly callibrated

· operator behaviour or by organisational policy, e.g. not recording rainfall data over a weekend period and aggregating the results on the Monday

· known deficiencies in observers handling data, e.g. evaporation related observations

· changes over time caused by changes at an observation site, e.g. a change over time in the magnitude of wind recorded from a specific direction may be an indicator of a problem in site location, e.g. a new building structure, or trees obstructing the flow of the wind in that direction.
	Required

	3.4.1.4 
Statistical Checks
	This component covers a range of tests that utilise a statistical analysis of historical data to detect inconsistent records and flag them for manual investigation.

Some examples are:

· Quality Monitoring Parameters (QMP) are generated for each individual QC test using the target station’s climate record. The higher QMP (99.7% percentile of element X) and the lower QMP(0.3% percentile of element X) are used in conjuntion with normalistion constants to highlight suspect values which exceed specified limits.

· Tests which include QMP limit values include:

· Climate Tests which highlight extreme climatic values, for example a climatic record maximum air temperature

· Flat Line Tests where a constant value exceeds the specified limit in a time series, for example, where the station air temperate remains constant for 12 hours

· Spike Tests to identify data spikes in a time series, which exceed a specified limit, for example, where a 3 hourly air temperature observation is at least 50 degrees colder than all others during the day. 

· Rapid Change tests to identify rapid changes in a time series, which exceed a specified limit, for example, where a 100 cm soil temperature suddenly changes in consecutive 3 hourly observations from a relatively stable 22 degrees to 38 degrees for all following  observations.
	Required

	3.4.1.5 
Spatial Checks
	This component covers a range of spatial tests to detect inconsistent records and flag them for manual investigation.

Some examples:

· Comparison of the results of observations at a given station for a given time period, with the corresponding results of observations at nearby stations

· Using a Barnes or similar analysis to detect spatial patterns that may indicate an anomoly in the observations at specific stations
	Recommended

	3.4.1.6 
Data Recovery
	This component covers processes, policies, governance arrangements, audit processes, etc that cover the recovery of data and insertion in the Climate database, possibly over-writing existing data.

This component involves a range of manual processes undertaken by experienced and well trained personnel, supported by effective technology and data management to investigate anomolous observations and either accept of reject suspect records.

Personnel will typically review and consider a wide range data from raw records, synoptic charts, satellite imagery, radar etc, in their investigations.
	Required

	3.4.2 Network Monitoring

	3.4.2.1 
Network Monitoring
	Monitors data received from an observational network to detect and resolve potential inconsistancies.

The monitoring consists of an integrated feedback loop of routine and non-routine QC processes designed to detect and escalate suspect data for further investigation. Issues which are identified as being systemic are generally documented and refered to relevant staff for rectification.

Monitors the performance of quality control systems to ensure that they effectively and efficiently identify data deficiencies.

Some potential examples are:

· Records not received for a particular station or sensor could indicate a potential issue with instrumentation, IT equipment or IT network.

· Specific fields or records not loaded into the database could be an indication of a systematic error, e.g. an undetected software error.

· Records received in advance of the observation time, which for example, may highlight training issues at the station.

· Loss of data due to corrupted synoptic message types.
	Recommended

	3.4.3 Data Monitoring

	3.4.3.1 
Data Monitoring
	Monitors ingested and derived observation data to detect and resolve potential issues.

For example:

· Typically NMHS have quite long data quality control processes where data may be modified over a timeframe that is in excess of months.

· In the intervening period, normal business processes have created considerable amounts of derived data, e.g.

· Daily, Weekly, Monthly, Seasonal etc derived datasets for a range of observation variables;

· Statistical gridded datasets that represent the distribution of observation variables over large areas for similar time periods.
· As soon as observation data is modified through normal quality control processes, derived data may become invalidated.

· Therefore, data monitoring processes are required to monitor data changes and where necessary, reconstruct affected derived datasets.
Another example is the generation of a range of metrics to assist with climate data management activities:

This component maintains metrics relating to the capture of historical observations data, e.g.:

· Summary and Percent data that has passed QC

· Percentage of data at each level of QC

· Etc.
	Recommended


	3.5 Quality Assessement

	3.5.1 Observations Quality Assessment
This component refers to the processes in place to allow NMHSs in assessing the quality of their production. It includes all stages from the observation site, via the level of expertise of the personnel, to the final product distibuted to users.


	3.5.1.1 
Siting Classification
	This component refers to the processes, software, governance and analysis that classify sensors according to the rating scale described at:

WMO-8 2010, Annex 1.B, pp I.1-19 to I.1-29
	Required

	3.5.1.2 
Sustained Performance Classification
	This component refers to the processes, software, governance and analysis that classify sensors according to their sustained performance over time.

The best description found to date on how to determine this classification may be found in the reference below.

NB: A more objective way of determining this classification for the global WMO Community is required
.
CIMO-1 2012, Annex 3, pp 1-6
	Recommended

	3.5.1.3 
Multi-Layer Quality Flags
	This component refers to the processes, software, governance and analysis of data to understand and enumerate the quality flags of a specific record of data.

This will support:

· Future analysis based that requires data of a specific quality flag enumeration value

· Communication of the assessed quality of record

The best description found to date on how to determine this classification may be found in the reference below: 

· WMO-100 2011, pp3-8 to 3.9
This reference describes a way of flagging ‘quality’ based on a combination of:

· Type of Data (Original, Corrected, Reconstructed, Calculated)

· Validation Stage

· Acquisition Method

This approach is still quite limited. It does not provide a clear way of determining just what level of quality control that a record has been subjected to.

While the classifications are relevent and relate to the perceived quality of a record, they do not allow for an explicit comparison of data of similar ‘perceived’ quality.

For example, the component Observations Quality Control>Quality Management describes a series of classifications of tests (without defining actual details). If a record has passed all such tests, can it be considered to be better ‘quality’ that one that has not passed any test.

This type of quality classification is required to support a consistent approach within the global WMO community so that data can be:

· objectively compared such that data of similar quality is compared and analysed as required

· stored and easily retrieved from a Climate Database. It is becoming increasingly apparent that organisations will need to retain observations at multiple levels of ‘quality’ from the raw observation, through various edit and analysis processes to demonstrate the true lineage of a record and to support arguments as to how and why it was necessary to change a raw observation.

NB: A more objective way of determining this classification for the global WMO Community is required.
See also the summary of findings of the 7th ECSN Data Management Workshop at DMI.

· ECSN-1 2009
	Required

	3.5.1.4 
Climate Observation Quality Classification
	This component refers to the processes, software, governance and analysis of data to understand and enumerate the quality of a specific record of data relative to an objective index.

NB: This index has yet to be created. For the purposes of this document, it is called the Climate Observation Quality Classification. This name may change.

It is envisioned that this index will need to take into account a range of factors including:

· Siting Classification

· Sustained Performance Classification

· Regular maintenance and callibration of sensor

· Sensor reliability

· Uncertainity inherent in observations

· Observation Quality Control processes

· Multi-layer Quality Flags

· Lineage

· Homogeneity

· Other appropriate factors
	Recommended

	3.5.2 Uncertainty

This component refers to the processes, software, governance and analysis of data to understand and record the probability of error inherent in the data.

This will support:

· future statistical analysis that takes into account the uncertainty inherent in data
· communication of data uncertainty
For more information see:

· Wikipedia-1 2013 

· Wikipedia-2 2013


	3.5.2.1 
Measurements
	This component refers to the processes, software, governance and analysis of data to understand and record the probability of error inherent in observation measurements and processes. 

WMO-8 2010, provides a number of examples per meteorological variables.

For more information see:

· WMO-8 2010, Annex 1.D, pp I.1-32 to I.1-37
· CIMO-1 2012, Annex 3, pp 1-6
	Required

	3.5.2.2 
Derived Data
	This component refers to the processes, software, governance and analysis of data to understand and record the probability of error inherent in gridded data that has been derived from observation data.

There are many factors that can contribute to the uncertainty inherent in gridded derived data. Some examples are:

· Uncertainty inherent in the source observations data

· Uncertainty inherent in the location of sensors / stations used to generate the grids

· The relative accuracy or the algorithms used to generate the derived data

· The precision of variable data types used in software that generates derived data

· Etc

It is also worth noting that a number of these factors may propogate through the data derivation process
	Recommended

	3.5.3 Derived Data Quality Assessment

	3.5.3.1 
Derived Data Quality Assessment
	
	Required


Climate Data Analysis

The Climate Data Analysis functional group represents the range of functionality that is typically required to effectively analyse Climate data.
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	3.6 Analysis

	3.6.1 Climate Modelling

	3.6.1.1 
Numerical Models 
	This component represents the software, processes and governance that provide numerical models, e.g. General Circulation Models (also known as Global Climate Models).

Such Climate Numerical Models could be global (as GCM) but also regional with generally a higher precision. Downscaling technics are then used for regionalisation.
Models could be based on :

· Physics, biological and chemical rules;
· Statistical rules;

· Mixed approach with dynamic and statistic rules
The use of climate models includes:

· Simulation of the present climate;
· Simulation of the future climate;
· Paleo-climate re-construction;
· Seasonal forecasts;
· Decadal prediction;

· Etc.
Wikipedia-3 2013, defines a GCM as:

“A general circulation model (GCM) is a mathematical model of the general circulation of a planetary atmosphere or ocean and based on the Navier–Stokes equations on a rotating sphere with thermodynamic terms for various energy sources (radiation, latent heat). These equations are the basis for complex computer programs commonly used for simulating the atmosphere or ocean of the Earth. Atmospheric and oceanic GCMs (AGCM and OGCM) are key components of global climate models along with sea ice and land-surface components. GCMs and global climate models are widely applied for weather forecasting, understanding the climate, and projecting climate change.”

For more information see:

· Wikipedia-3 2013
	Optional

	3.6.1.2 
Reanalysis
	This component represents the software, processes and governance that provide “a meteorological data assimilation project which aims to assimilate historical observational data spanning an extended period, using a single consistent assimilation (or "analysis") scheme throughout” (Wikipedia-6 2013).
	Optional

	3.6.1.3 

	


	Optional

	3.6.1.4 
Model Ensembles
	This component represents the software, processes and governance that agregate the data from a number of GCM and produce products that portray the range of model forecasts.
	Optional

	3.6.2 Climate Monitoring – Generate Derived Data from Climate Observations

	3.6.2.1 
Spatial Analysis 
	This component represents the software, processes and governance that undertake a very wide range of raster and vector spatial analysis techniques.

Some examples are:

· Generate grids that represent the spatial distribution of observations of an observed phenomena such as precipitation

· Generate grids that represent distribution of average maximum temperature for the month of May for the WMO Standard Normal of 1961 to 1990

· Generate grids that represent distribution of maximum temperature anomolies for the month of May 2010 when compared to the WMO Standard Normal

· Select all meteorological stations that are within a buffer of ten kilometers around a national administrative boundary
	Recommended

	3.6.2.2 
Image Analysis
	This component represents the software, processes and governance that undertake a very wide range of image analysis techniques.

Some examples are:

· Process remotely sensed satellite imagery to determine the relative solar reflectance of a scene

· Process remotely sensed satellite imagery to determine the cloud cover within a scene

· Process remotely sensed satellite imagery to generate a Normalised Difference Vegetation Index to measure vegetation ‘greenness’

· Process ground based Radar imagery to detect storm activity
	Recommended

	3.6.2.3 
Time Series Analysis
	This component represents the software, processes and governance that undertake the analysis of time series data using a very wide range of analysis techniques.

For more information see:

· WMO-100 2011, chapter 4 and 5
	Recommended

	3.6.2.4 
Data Analysis
	This component represents the software, processes and governance to undertake a wide range of data analysis processes.
	Recommended

	3.6.2.5 
Teleconnection
	This component represents the software, processes and governance to analyse, record and manage data representing Teleconnections.

Wikipedia-5 2013, defines: “Teleconnection in atmospheric science refers to climate anomalies being related to each other at large distances (typically thousands of kilometers).”
For more information see:

· Wikipedia-5 2013
	Optional

	3.6.3 Data Homogenisation

This component refers to processes, software, governance and analysis of quality Observations data and ‘Stations Metadata’ to develop high quality ‘homogenised’ time series data sets. Such data sets aim to ensure that the only variability that remains in the time series is that resulting from actual climate variability. 

For more information see:

· WCDMP-53 2003
· Trewin B 2012 also provides a good case study
· The web site of the Joint CCl/Clivar/JCOMM Expert Team On Climate Change Detection And Indices (ETCCDI/CRD)
 

· The different homogenisation packages available at the DATA RESCUE
site of RA-VI TT-DARE and CCl ET-DARE
 

· The European project on “Advances in homogenisation methods of climate series: an integrated approach HOME”
 



	3.6.3.1 
Data Homogenisation
	
	Recommended

	3.6.4 Other

	3.6.4.1 
Other
	This component refers to other processes, software, governance and analysis of quality Observations data and ‘Stations Metadata’ to develop


	Optional


4 Climate Data Presentation
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The Climate Data Analysis functional group represents the range of functionality that is typically required to effectively visualise climate data.

	4.1.1 Printed Media

	4.1.1.1 Written Reports
These components represent the processes and governance that results in the preparation and release of a wide range of written reports.

As this is essentially a scientific intellectual process, the components will not be expanded upon in this document

	4.1.1.1.1 
Peer Reviewed Papers
	
	Optional

	4.1.1.1.2 
Climate Change Impacts
	
	Optional

	4.1.1.1.3 
Climate Statements
	
	Optional

	4.1.1.1.4 
IPCC Assessments
	
	Optional

	4.1.1.1.5 
Climate Studies
	
	Optional

	4.1.2 Graphical User Interface – Data Exploration

	4.1.2.1 Business Intelligence (+Time Series)

This component represents the technology, software, processes and governance suitable for generating a wide variety of tabular reports to effectively communicate issues relating to climate data.



	4.1.2.1.1 
Tables 
	This component represents the technology, software, processes and governance suitable for generating a wide variety of tabular reports to effectively communicate issues relating to climate data.
	Recommended

	4.1.2.1.2 

	
	

	4.1.2.1.3 

	
	

	4.1.2.1.4 
Graphs
	This component represents the technology, software, processes and governance suitable for generating a wide variety of graphs to effectively communicate issues relating to climate data.
For example see:

WMO-100 2011, Chapter 6 Services and Products
	Recommended

	4.1.2.1.5 

	
	

	4.1.2.2 Manage Content


	4.1.2.2.1 

	This component represents the technology, software, processes and governance suitable for generating a wide variety of content to effectively communicate issues relating to climate data.

This includes:

· preparing data for effective web presentation

· technology such as Content Management Systems to simplify web content presentation

· effective governance processes that review, validate and authorise content prior to being published to public use.
	Recommended

	4.1.2.3 Visualisation (+Time Series)

	4.1.2.3.1 
Cartography
	This component represents the technology, software, processes and governance suitable for generating a wide variety of cartographic output to effectively communicate issues relating to climate data.

It includes:

· spatial data preparation

· static cartographic content 

· simple point and click web maps.
	Recommended

	4.1.2.3.2 
Diagrams
	This component represents the technology, software, processes and governance suitable for generating a wide variety of diagrams to fascilitate communication of issues relating to climate data.
	Recommended

	4.1.2.3.3 
Spatial Intelligence
	This component represents the technology, software, processes and governance suitable for generating a wide variety of cartographic output to allow effective and dynamic analysis of climate data within a web environment to facilitate understanding climate issues and to communicate issues relating to climate data.

This component integrates a wide range of time series data including climate observations, climate grids, satellite imagery, topography together with appropriate textual and other attribute data, including ‘stations metadata’.

It facilitates dynamic data exploration and analysis using a wide range of integrated media, including maps, charts, graphs, tables and written reports.
	Recommended

	4.1.2.3.4 
3D
	This component represents the technology, software, processes and governance suitable for visualising and exploring climate data and issues within a 3D environment.
	Recommended

	4.1.2.4 Data Download

	4.1.2.4.1 
Search Discovery Metadata
	This component represents the technology, software, processes and governance suitable for …
	Recommended

	4.1.2.4.2 
Search Observations Metadata
	This component represents the technology, software, processes and governance suitable for.
	Recommended

	4.1.2.4.3 
Search Data Provenance Metadata
	This component represents the technology, software, processes and governance suitable for.
	Recommended

	4.1.2.4.4 
Data Download
	This component represents the technology, software, processes and governance suitable for 
	Recommended


Climate Data Delivery Services

The Climate Data Delivery functional group represents the range of functionality that is typically required to effectively deliver Climate data, both internally and externally.

Please note:

Open Spatial Standards 

The section on Open Spatial Standards has been included as it is seen as functionality that is being adopted increasingly across a wide range of organisations and industry sectors around the world. These types of services underpin global attempts at making data easily accessible through initiatives such as the Group on Earth Observation System of Systems, GEOSS
. WMO’s WIS can be considered as a component of GEOSS.

Open Spatial Standards are being increasingly supported by a wide range of off the shelf software, such as traditional Desktop GIS software, making it easier for users to access data that is served via such services. 

This is particularly important for CDMS, as there is a large potential user base who do not routinely utilise climate data and could benefit from ‘authoritative data sources’ to ensure a consistent use of climate data across industry. Some examples of growing interest in climate data are from industry sectors such as Agriculture, Emergency Services, Aquaculture, Fishing, Tourism, Transportation, Health, Environment, etc. Such industries typically do not understand WMO data formats such as BUFR, GRIB etc, nor do they understand how to exploit data delivered in such formats.

While Developing Countries may not have reliable access to the Internet to take advantage of external Open Spatial Services, it would certainly be possible to utilise them within their own internal Local Area Networks, particularly to support visualising their data.

As such they are expected to become increasingly important mechanism for distributing data in future years. 

Please also note:

The Open Spatial Components that are presented below are indicitive of the types of standards and services that are available and appropriate for the delivery of Climate Data.

These components are not intended to be an exhaustive set as there are many more services and standards that are also relevent. It is anticipated that this will be expanded upon in future work.

For more information see:

· The Climate Challenge Integration Plugfest 2009 executive summary video
 that discribes the results of a global a project that demonstrated that climate data could be utilised via open spatial standards;

· The Open Geospatial Consortium standards overview wiki
;

· The Geonovum wiki
 that provides an overview of Open Spatial Standards. This wiki is an initiative of the the National Spatial Data Infrastructure (NSDI) executive committee in the Netherlands;
· The OGC Abstract Specifications
. These specifications provide a more detailed overview of the theory and rationale that underpin Open Spatial Standards.
WMO Logical Data Models

The section on WMO Logical Data Models is included, as it is forseen that this WMO Commission for Basic Systems development will become increasingly important in coming years. It is anticipated that this work will also provide a system, database and organisation independent logical data model describing integrated climate observations data and climate observations or stations metadata. It is intended that WMO’s Table Driven Codes will underpin WMO Logical Data Models. 

WMO Logical Data Models and the associated GML Application Schema have the potential to become the glue that integrates a wide range of climate services, functions and data from many organisations, while retaining the symantic intent of the source data. This work is expected to become the nucleus of a WMO Logical Data Model that will eventually underpin the exchange of combined Climate Observations data and Climate ‘Stations Metadata’ which is understood to be one of the focus points of the IPET-MDRD team.

While work has been occuring for several years, this task is still in its early stages as at January 2013. It is expected to take a number of years to complete.

For more information see:

· For an overview of how a logical data model (and associated Application Schema) could potentially be used with Climate Data, see Bannerman B 2012, pp 20-26.

· For a more detailed overview of what work has been done to date see:

· Tandy J 2012. This paper was presented at a joint meeting of IPET-MDI and IPET-DRC where it was recommended that an expert team be established to further this work with a view to create a WMO Logical Data Model (or Application Schema). In his paper, Mr Tandy describes initial work undertaken by the TT-AvXML team in establishing a logical data model “to support the exchange of meteorological data in the context of aviation operations”. This initial work resulted in a ‘Physical Model’ based on BUFR Templates.

· The work described at Tandy J 2012 continued over 2012 to develop a Logical Data Model and Application Schema under TT-AcXML. As at February 2013, this work has been released as a Release Candidate standard. See WIS-1 2013 for more information.

· Tandy J 2013. This presentation provides an overview of a number of key technical issues and describes the directions that WMO Logical Data Model work is taking.
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	4.1.3 Open Spatial Standards

	4.1.3.1 OGC Services

	4.1.3.1.1 
Web Map Services
	This component represents technology suitable for use to distribute a wide range of climate data via a Web Map Service (WMS).

In essence a WMS provides a map view of data, distributed via a georeferenced image.

For more information see:

· The OGC WMS documentation

· The OGC Meteorological and Oceans Domain Working Group’s Best Practice paper
 describing the use of WMS with time dependant and elevation dependant data
	Recommended

	4.1.3.1.2 
Web Feature Services
	This component represents technology suitable for use to distribute a wide range of vector climate data via a Web Feature Service (WFS).

In essence a WFS serves vector and tabular climate data. Data can be provided in a number of formats, including:

· Geography Markup Language

· ESRI Shape file

· Some WFS implementations can support serving data that is constrained by a logical data model (also known as an Application Schema)

· It may be possible to extend WFS server software to support serving meteorological observation data via WMO formats such as BUFR

For more information see:

· The OGC WFS documentation

	Recommended

	4.1.3.1.3 
Web Coverage Services
	This component represents technology suitable for use to distribute a wide range of gridded and array climate data via a Web Map Coverage (WCS).

In essence a WCS provides the actual gridded or array data.

Future versions of WCS are intended to support Logical Data Models defined as Application Schema.

For more information see:

· The OGC WCS documentation

	Recommended

	4.1.3.1.4 
Sensor Web Enablement Services
	This component represents a range of technology and suitable for use to distribute a wide range of observational data and related observation (or station) metadata.

There are a number of services that will become available when work stabilises on these standards. 

For more information see the OGC WCS documentation for:

· Observations and Measurements

· Sensor Observation Services

	Recommended

	4.1.3.1.5 
CF-netCDF
	This component represents a range of technology and suitable for use to distribute a wide range of gridded or array scientific data as netCDF files that support the conventions for Climate and Forecast ‘metadata
’.

For more information see:

· The OGC documentation for the netCDF
 standard

· The netCDF wikipedia entry

	Recommended

	4.1.3.1.6 
Geo-Synchronisation
	This component represents a range of technology that enables a data publisher to distribute an Authoritative Data product within an environment that supports managed change to the source data.

In summary, the geosynchronisation services are expected to support several processes, including:

· Allow interested parties to subscribe to an authoritative data source;

· data entry with validation, 
· notification of changes to interested parties and 
· allow replication of the data provider's features.
It is anticipated that Geosynchronisation services will support ‘crowd sourced’ data and processes in addition to publishing authoritative data sources.

Geosynchronisation services are currently in development with the current version of the standard only supporting data via a Web Feature Service. It is expected that GeoSynchronisation will support additional services in the future, including WCS, and WMS.

For more information see:

· An overview of Geosynchronisation Services

· The OWS 7 Engineering Report
 on the test of Geosynchronisation Services
	Recommended

	4.1.3.2 WMO Logical Data Models

	4.1.3.2.1 
Combined Climate Observations and Observations Metadata 
	This component represents the technology, software, processes and governance to support the transmission, consumption and processing of combined climate observations and associated stations metadata via a future Climate Observations Application Profile (or similar name).

As discussed in the section above entitled “WMO Logical Data Model”, this work is currently embryonic, however it is anticipated that it will become a key technology for exchanging climate observations and stations metadata in future years in support of data interoperability and platform independence.

For more information see:

· Above section entitled “WMO Logical Data Model”.
	Optional

	4.1.3.2.2 
Taxonomy
	This component is related to the above component. It represents the technology, software, processes and governance to support authoritative definition of concepts and names relating  to a logical data model and related services for a future Climate Observations Application Profile (or similar name).

For more information see:

· Above section entitled “WMO Logical Data Model”.
	Optional

	4.1.3.3 Other Formats

	4.1.3.3.1 
OpenDAP
	This component represents technology suitable for use to distribute a wide range of scientific data via the Data Access Protocol  (DAP).

DAP is used within the world’s scientific community to allow internet access to a range of scientific data.

The protocol does not support the concept of Spatial Reference Systems as defined at OGC-T2 2010. This makes it very difficult to reliably integrate data hosted via DAP with other spatial data sets hosted via Open Spatial Services.

For more information see:

· The OpenDAP Wikipedia page

· The DAP v2.0 Specification

	Optional

	4.1.3.3.2 
WMO Formats
	This component represents technology suitable for use to distribute a wide range of climate data via traditional WMO formats.

For more information see:

· BUFR

· GRIB

	Required


Core IT Infrastructure

The Core IT Infrastructure functional group represents the underlying IT functionality that is typically required to support a CDMS.
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	4.1.4 Application Infrastructure

	4.1.4.1 Identity Management

	4.1.4.1.1 
Directory
	This component provides Directory services such as LDAP or Active Directory to manage user credentials and details.
	Recommended

	4.1.4.1.2 
Identity and Access Management
	Provides policies and functionality to enable granular user access to organisation IT resources and data. 
	Recommended

	4.1.4.2 Collaboration

	4.1.4.2.1 
Email
	Provides secure email access and includes functionality such as email filtering for malware and spam.
	Required

	4.1.4.2.2 
ftp
	Provides secure services to allow exchange of climate data via the use of the file transfer protocol.
	Required

	4.1.4.2.3 
wiki
	Provides a collaborative web environment allowing any member of a team to easily edit content.
	Recommended

	4.1.4.3 Web Platform

	4.1.4.3.1 
Web Server
	This component provides functionality to deliver web content to web browsers. In addition to the web server platform, it also refers to services required to support web applications.
	Recommended

	4.1.4.3.2 
Proxy Server
	This component routes web traffic, acts as a load balancer and as a reverse proxy server to contribute to secure connections to the web server.
	Recommended

	4.1.4.4 Database

	4.1.4.4.1 
Tabular
	This component represents database technology suitable for use to store a wide range of time series climate data in tabular format, typically within a relational database.
	Required

	4.1.4.4.2 
Spatial
	This component represents technology used to spatially enable time series climate data, typically within a relational database. The component may be functionality that spatially enables the tabular database component, or it could be a dedicated spatial database that is closely alligned to climate data stored within the Tabular Database.
	Recommended

	4.1.4.5 Helpdesk

	4.1.4.5.1 
Helpdesk
	Functionality, processes and software required to provide First Level Helpdesk support services to Climate and IT services.
	Recommended

	4.1.4.6 Systems and Applications Management

	4.1.4.6.1 
Systems and Applications Management

	Functionality, processes and software required to provide Systems and Application Administration tasks as well as 2nd and 3rd Level support services to Climate and IT services.
	Required


	4.1.5 Computing Infrastructure


	4.1.5.1 Networks

	4.1.5.1.1 
Internet
	Covers infrastructure required to support the provision of access to the internet. This includes routers, switches, firewall, Internet Service Provider, etc. 
	Required

	4.1.5.1.2 
WMO GTS
	Covers infrastructure required to access WMO’s Global Telecommunications System. This is in essence a Private Wide Area Network.
	Recommended

	4.1.5.1.3 
Internal Networks
	Covers infrastructure required to support Local Area Networks. This includes switches, firewall(s), services such as DNS, DHCP etc.
	Recommended

	4.1.5.1.4 
VPN
	A Virtual Private Network allows a private network to be set up across the publically available Internet making use of tunnelling and security features. This can result in relatively secure communications.
	Recommended

	4.1.5.2 Computing Platform

	4.1.5.2.1 
Hardware 
	This component covers all computing hardware including servers and desktop computers. Increasingly, organisations are using virtualisation to allow several ‘virtual servers’ to be deployed on a single physical server to minimise hardware and operational costs, while increasing operational efficiency. 
	Required

	4.1.5.2.2 
Operating System
	Covers the Operating System required to support computing operations.
	Required

	4.1.5.2.3 
High Performance Computing
	This component covers the advanced computing functionality to support High Performance Computing, including clusters and grids.
	Optional

	4.1.5.3 Security

	4.1.5.3.1 
Security
	Security is actually an aspect of all components, but is included here for clarity. All software and systems should be implemented with security in mind to protect the integrity of climate related systems and data.
	Required

	4.1.5.4 Data Storage

	4.1.5.4.1 
Storage Media
	Covers the provision of sufficient storage media to cover operational activities, including the storage of climate data, systems, archives, backups and Disaster Recovery.
	Required

	4.1.5.4.2 
Data Archival
	Covers the secure archival of historical data to ensure that it is available for future generations.
	Required

	4.1.5.4.3 
Backups
	Covers the regular operational backup and restore of data and systems.
	Required

	4.1.5.5 Disaster Recovery

	4.1.5.5.1 
Disaster Recovery
	Disaster Recovery and Business Continuance policies, processes, plans and systems required to ensure that CDMS systems and climate data can be recovered in the event of an unforeseen incident. This could be as simple as a server malfunction, or as complex as an organisations city being destroyed due to some unforseen event, e.g. an earthquake tsunami, military action etc.
	Required


Considerations when implemeting a CDMS

Training

System enhancement capability

Transparent source code
· Refer to comments in component Data Lineage Traceability and related link to UK Parliamentary Inquiry.
Recommendations

Develop Consistent CDMS Data Policy and Governance Recommendations

Develop Climate Data Infrastructure framework, similar to ITIL, but without legislation.

Develop consideration framework when acquisition of a new CDMS
Develop an international codification and naming for climate variables (Taxonomy) to facilitate data interoperability. Should be part of the Logical Data Model I supose.
Develop the component of “Derived Data Quality Assessment”
References

Bannerman B 2012, Discussion Paper: Stations Metadata and WMO Core Profile, A Way Forward: ET-CDMS: The World Meteorological Organisation: Geneva, Switzerland: http://www.wmo.int/pages/prog/wcp/wcdmp/documents/etcdms-metadata-discussionpaper.pdf 

CIMO-1 2012, Commission for Instruments and Methods of Observation Expert Team on Standardisation, First Session 26-29 November 2012, Final Report: The World Meteorological Organisation: Geneva, Switzerland: URL not yet available

ECSN-1 2009, 7th ECSN Data Management Workshop at DMI Summary of Findings from Workshop Session: Denmark Meteorological Institute: 
GCOS, The Global Climate Observing System: The World Meteorological Organisation: http://www.wmo.int/pages/prog/gcos/index.php?name=AboutGCOS as viewed May 2013.

GCOS ESV 2010, GCOS Essential Climate Variables: The World Meteorological Organisation: http://www.wmo.int/pages/prog/gcos/index.php?name=EssentialClimateVariables as viewed May 2013.

IPCC 2012, Managing the Risks of Extreme Events and Disasters to Advance Climate

Change Adaptation. A Special Report of Working Groups I and II of the

Intergovernmental Panel on Climate Change [Field, C.B., V. Barros, T.F. Stocker,

D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mastrandrea, K.J. Mach, G.-K. Plattner, S.K. Allen,

M. Tignor, and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, UK, and New York, NY, USA, 582 pp. http://www.ipcc-wg2.gov/SREX/images/uploads/SREX-All_FINAL.pdf 

ISO-19111 2009, ISO 19111-2009 Geographic Information – Spatial Referencing by Coordinates, International Standards Organisation, Geneva, Switzerland 
http://www.iso.org/iso/home/store/catalogue_tc/catalogue_detail.htm?csnumber=44075 

ISO-19115 2003, ISO 19115-2003 Geographic Information – Metadata, International Standards Organisation, Geneva, Switzerland 
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=26020
OGC-T2 2010, OGC Abstract Specification Topic 2, Spatial Referencing by Coordinates: ed. Cooper P: Open Geospatial Consortium USA: http://portal.opengeospatial.org/files/?artifact_id=39049 

Stuber D 2012, Climatological Needs for Minimum Stations Metadata in the Frame of WMO’s Publication 9 Volume A: ET-CDMS: The World Meteorological Organisation: Geneva, Switzerland: http://www.wmo.int/pages/prog/wcp/wcdmp/documents/Station_Metadata_and_VolumeA.pdf  

Tandy J 2010, WMO Core Metadata Profile version 1.2 Guidelines on the use of Metadata for WIS: World Meteorological Organisation: Geneva, Switzerland:
http://wis.wmo.int/2010/metadata/version_1-2/WMO%20Core%20Metadata%20Profile%20v1-2%20Guidance%20Documentation%20v0.1%20(DRAFT).pdf 

Tandy J 2012, Developing GML Schema for OPMET products using a Model Driven Approach in Collaboration with ICAO: World Meteorological Organisation: Geneva, Switzerland: http://www.wmo.int/pages/prog/www/WIS/wiswiki/tiki-download_wiki_attachment.php?attId=1419 

Tandy J 2013, Aviation XML version 1.0 Release Candidate 1: information seminar: The World Meteorological Organisation: Geneva, Switzerland: http://wis.wmo.int/doc=2123  

Trewin B et al 2007, WCDMP-61, The Role of Climatological Normals in a Changing Climate: The World Meteorological Organisation: Geneva, Switzerland: http://www.wmo.int/pages/prog/wcp/wcdmp/documents/WCDMPNo61.pdf

Trewin B, 2012, Techniques involved in developing the Australian Climate Observations Reference Network – Surface Air Temperature (ACORN-SAT) dataset, Australian Bureau of Meteorology: Melbourne:
http://cawcr.gov.au/publications/technicalreports/CTR_049.pdf
WCDMP-52 2003, Guidelines on Climate Observation Networks and Systems: The World Meteorological Organisation: Geneva, Switzerland: http://www.wmo.int/pages/prog/wcp/wcdmp/documents/WCDMP-52_000.pdf 
WCDMP-53 2003, Guidelines on Climate Metadata and Homogenisation: The World Meteorological Organisation: Geneva, Switzerland: http://www.wmo.int/pages/prog/wcp/wcdmp/documents/WCDMP-53.pdf 

WCDMP-55 2004, Guidelines on Climate Data Rescue: The World Meteorological Organisation: Geneva, Switzerland: http://www.wmo.int/pages/prog/wcp/wcdmp/documents/WCDMP-55.pdf 

WCDMP-60 2007, Guidelines on Climate Data Management: The World Meteorological Organisation: Geneva, Switzerland: http://www.wmo.int/pages/prog/wcp/wcdmp/documents/WCDMPNo60.pdf 

WCDMP-61 2007, The role of climatological normals in a changing climate WMO-TD No.1377: The World Meteorological Organisation: Geneva, Switzerland: http://www.wmo.int/pages/prog/wcp/wcdmp/documents/WCDMPNo61.pdf

WCDMP-77 2012, Guidelines for the submission of the World Weather Records Tenth Series (2001-2010): The World Meteorological Organisation: Geneva, Switzerland: http://www.wmo.int/pages/prog/wcp/wcdmp/documents/WCDMP_77.pdf

WCP-85, Guidelines on the Quality Control of Surface Climatological Data WMO/TD-No 111: The World Meteorological Organisation: Geneva, Switzerland:

WIGOS Flyer 2013, The WMO Integrated Global Observing System Flyer: World Meteorological Organisation: Geneva, Switzerland: viewed January 2013: http://www.wmo.int/pages/prog/www/wigos/documents/Principal_Docs/WIGOS_flyer_en.pdf
Wikipedia-1 2013, Uncertain Data http://en.wikipedia.org/wiki/Uncertain_data, Wikimedia Foundation Inc, viewed January 2013.
Wikipedia-2 2013, Uncertainty http://en.wikipedia.org/wiki/Uncertainty, Wikimedia Foundation Inc, viewed January 2013.

Wikipedia-3 2013, Global Climate Model http://en.wikipedia.org/wiki/Global_climate_model, Wikimedia Foundation Inc, viewed January 2013. 

Wikipedia-4 2013, Climate http://en.wikipedia.org/wiki/Climate, Wikimedia Foundation Inc, viewed January 2013.

Wikipedia-5 2013, Teleconnection http://en.wikipedia.org/wiki/Teleconnection, Wikimedia Foundation Inc, viewed January 2013.

Wikipedia-6 2013, Meteorological reanalysis http://en.wikipedia.org/wiki/Meteorological_reanalysis, Wikimedia Foundation Inc, viewed May 2013.

WIS-1 2013, AvXML-1.0RC1: The World Meteorological Organisation: Geneva, Switzerland: http://www.wmo.int/pages/prog/www/WIS/wiswiki/tiki-index.php?page=METCE-1.0RC1 

WMO-1 2013, WMO International Codes, http://www.wmo.int/pages/prog/www/WMOCodes.html: The World Meteorological Organisation: Geneva, Switzerland, viewed April 2013  

WMO-8 2010, WMO Guide to Meteorological Instruments and Methods of Observation: The World Meteorological Organisation: Geneva, Switzerland: http://www.wmo.int/pages/prog/www/IMOP/CIMO-Guide.html 
WMO-49-1 2012, Technical Regulations Basic Documents No. 2, Volume I – General Meteorological Standards and Recommended Practices, 2011 edition, Updated in 2012: The World Meteorological Organisation: Geneva, Switzerland: http://library.wmo.int/pmb_ged/wmo_49_en-v1_2011.pdf  
WMO-49-2 2012, Technical Regulations Basic Documents No. 2, Volume II – Meteorological Service for International Air Navigation, 2011 edition, Updated in 2012: The World Meteorological Organisation: Geneva, Switzerland: http://library.wmo.int/pmb_ged/wmo_49_en-v2_2011.pdf   
WMO-49-3 2012, Technical Regulations Basic Documents No. 2, Volume III – Hydrology, 2006 edition: The World Meteorological Organisation: Geneva, Switzerland: http://library.wmo.int/pmb_ged/wmo_49_en_v3-2006.pdf
WMO-49-4 2011, Technical Regulations Basic Documents No. 2, Volume IV – Quality Management, 2011 edition: The World Meteorological Organisation: Geneva, Switzerland: http://library.wmo.int/pmb_ged/wmo_49_en-v4.pdf

 
WMO-100 2011, WMO Guide to Climatological Practices (third edition) WMO-No: 100: The World Meteorological Organisation: Geneva, Switzerland: http://www.wmo.int/pages/prog/wcp/ccl/guide/guide_climat_practices.php 
WMO-306-1 2012, Manual on Codes International Codes Volume I.1 PART A – Alphanumeric Codes: World Meteorological Organisation: Geneva, Switzerland: ftp://ftp.wmo.int/Documents/MediaPublic/Publications/CodesManual_WMO_No_306/WMO306_Vol_I.1_2012_en.pdf 

WMO-306-2 2012, Manual on Codes International Codes Volume I.2 PART B – Binary Codes, PART C – Common Features to Binary and Alphanumeric Codes: World Meteorological Organisation: Geneva, Switzerland: ftp://ftp.wmo.int/Documents/MediaPublic/Publications/CodesManual_WMO_No_306/WMO306_Vol_I.2_2012_en.pdf 

WMO-306-3, Manual on Codes International Codes Volume I.2 Part C, Regulations for reporting traditional observation data in Table-Driven Code Forms (TDCF): BUFR or CREX: 

· http://www.wmo.int/pages/prog/www/WMOCodes/BC_Regulations/BC30-CLIMAT.pdf
· http://www.wmo.int/pages/prog/www/WMOCodes/BC_Regulations/BC32-CLIMATSHIP.pdf

· http://www.wmo.int/pages/prog/www/WMOCodes/TemplateExamples.html#Regulations
WMO-485 2010, Manual on the Global Data-processing and Forecasting, Volume I (Annex IV to WMO technical Regulations),The World Meteorological Organisation, Geneva, Switzerland: 

http://www.wmo.int/pages/prog/www/DPFS/Manual_GDPFS.html
WMO-544 2010, Manual on the Global Observing System, Volume 1 – Global Aspects 2010 edition: The World Meteorological Organisation: Geneva, Switzerland: ftp://ftp.wmo.int/Documents/MediaPublic/Publications/WMO544_GOSmanual/544_Vol_I_2010_en.pdf 

WMO-847 1988, 1961-1990 Global climate normals (CLINO), version 1.0: The World Meteorological Organisation: Geneva, Switzerland: Not available online.

WMO-TD-341 1989, Calculation of Monthly and Annual 30-Year Standard Normals: The World Meteorological Organisation: Geneva, Switzerland: Not available online.

WMO-TD-1188 2009, Handbook on CLIMAT and CLIMAT TEMP Reporting: The World Meteorological Organisation: Geneva, Switzerland: http://www.wmo.int/pages/prog/www/OSY/Publications/TD1188/HandbookCLIMAT-CLIMATTEMP_en.pdf  

WMO-TD-1477 2009, Practical Help for Compiling CLIMAT Reports, GCOS-127: The World Meteorological Organisation: Geneva, Switzerland: http://www.wmo.int/pages/prog/gcos/Publications/GCOS-127_EN.pdf 

WMO-TP-108 1967, A Note on Climatological Normals, Technical Note No. 84: The World Meteorological Organisation: Geneva, Switzerland: Not available online.

Wright W 2012, Discussion Paper: On the Calculation of the Standard Climate Normals: a Proposal for a Dual System: CCl MG: The World Meteorological Organisation: Geneva, Switzerland.
WWR 2013, World Weather Records: The World Meteorological Organisation: Geneva, Switzerland: http://www.wmo.int/pages/prog/wcp/wcdmp/GCDS_2.php 

� � HYPERLINK "http://www2.ucar.edu/sites/default/files/news/2011/CESM_final.jpg" �http://www2.ucar.edu/sites/default/files/news/2011/CESM_final.jpg� 


� http://www.wmo.int/pages/about/Resolution40_en.html
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� � HYPERLINK "http://creativecommons.org/licenses/" �http://creativecommons.org/licenses/� 
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� � HYPERLINK "http://www.openstreetmap.org/" �http://www.openstreetmap.org/� 


� � HYPERLINK "http://www.oldweather.org/" ��http://www.oldweather.org/�
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� � HYPERLINK "http://en.wikipedia.org/wiki/Information_Technology_Infrastructure_Library" �http://en.wikipedia.org/wiki/Information_Technology_Infrastructure_Library� 


� � HYPERLINK "http://en.wikipedia.org/wiki/Enterprise_architecture" �http://en.wikipedia.org/wiki/Enterprise_architecture� 
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� In this context, the term ‘metadata’ refers to a set of fields in the header of a netCDF file that describe the context and format of the array data contained within the CF-netCDF file.
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�Are we going to recommend something?


�Up to here on data reorg.


�We don’t have this text right yet.


�Include comments and reference to W3C work.





Recommendation. 





This component requires more effort.


�





Denis,





How is this different from 5.3.1.1 ‘Document Imaging’?





�PAGE \# "'Page : '#'�'"  �� To let CIMO to comment on that…


�PAGE \# "'Page : '#'�'"  ��It could be also a statistic model (different from a Physics based numerical model). We may have to ask to specialists if for example only 2 parts would be enough : (1) Physics based numerical model and (2) statistics based numerical model.


�This sentence is unfinished.


�PAGE \# "'Page : '#'�'"  ��We could add “scatter plots” as part of the “Graphs” component and also in the “3D Graphs” from which they are a sub part. So we could remove Scatter Plots and Histogram


�PAGE \# "'Page : '#'�'"  ��as “Scatter Plot”, “Histograms” could be included in “Graphs” and “3D Graphs”


�





D’accord.





Let’s leave it as ‘tables’ and ‘graphs’ with appropriate text.





We could also bring in some of Rachid’s specific requirements.








�





Manage Content handles text diagrams etc to be presented on web together with governance processes to approve their use.





Remove diagrams etc components





See also data management components for structured and unstructured web data.








�Also new component scheduling





Also monitor scheduled job status for potential issues





Also monotor status of databases
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