The WMO approach to ISO 19157 Data Quality and ISO 19158 Quality Assurance of data supply.
WMO

The World Meteorological Organization (WMO) is a specialized agency of the United Nations.  It is the UN system's authoritative voice on the state and behaviour of the Earth's atmosphere, its interaction with the oceans, the climate it produces and the resulting distribution of water resources.

WMO is composed of 189 Member States and Territories.  These Members collect and distribute data usually in real-time under international cooperation on a global scale.  WMO provides the framework for such international cooperation, but it is the Members and their scientific organisations who supply the resources and capability to collect and disseminate the observational data and the forecasting products.

WMO Quality Assurance for Data Supply

The process works in a very comparable way to the ISO 19158 standard on Quality Assurance for data supply.  For each Member as a supplier of observational and forecast data, WMO acts as the client encompassing all other Members.  WMO defines the observing standards and the quality control processes at each stage of the data collection and dissemination process by which the data is distributed around the world.
As meteorological observations are transitory there is seldom any opportunity to perform repeat observations.  Many of the Data Quality Classes of ISO 19157 are either not relevant, or rather the quality measures required are process based using non-quantitative standards and have only descriptive results referenced to WMO regulations and guides.  Quantitative quality measures in WMO are usually post-facto tasks of monitoring and verification.  The monitoring process studies the availability, timeliness and quality of data with respect to easily detectable errors.  Verification involves matching observations with forecast values from numerical models in a cross validation exercise.  Both are separate data gathering and product generation processes in slow time, which generate large amounts of new data.
WMO Standards for Data Quality

The part of WMO which deals with data collection, dissemination, codes and standards is the Commission on Basic Systems (CBS).  A full list of CBS Technical Guidance Documents (as CBS standards are called) on quality, quality management, quality control and quality assurance is shown in Annex A.
For real-time synoptic data the data is collected across the Global Observing System (GOS)
 and disseminated using the Global Telecommunication System (GTS)
 and is almost entirely completed within 3 hours of the data being collected.  Once collected, the observational data are used to prepare meteorological analyses and forecast products and further disseminated across the GTS and nationally within Member States under the Global Data-processing and Forecasting Systems (GDPFS
).
The Guide on the Global Data-processing System (WMO-No.  305)
 Chapter 6 is the authoritative reference on all matters related to quality control procedures.  The guide describes quality control issues in pre-processing, telecoms, handling, syntax checking, decoding and duplication checking.  There are comprehensive tables listing gross error checking for many parameter types. Within and across bulletins, it lists types of consistency checks; internal, external, sequential, hydrostatic, wind profile checking etc..  This gross error checking has to be implemented at initial collection sites before they are sent worldwide.  Specific points are expanded on in separate documents for observational data and forecast products.
The observational data are collected to quality standards declared in the WMO Guide to Meteorological Instruments and Methods of Observation (WMO-No.  8 (Seventh edition 2008))
.  The intent of this standard is to support all tasks which use the data by expressing best practice in making meteorological observations and measurements.  The first part defines the practice of observing individual parameters (from temperature, pressure and wind, to clouds, ozone and atmospheric constituents).  The second part prescribes practices for whole observing systems.  The third part formulates best practice in quality assurance and management of observing systems.

In the Manual on the GOS (WMO-No 544 Volume 1 Global Aspects Part V Quality Control)
 WMO recommends that rigorous quality control should be exercised at all stages, including periodic calibration, validation and maintenance of the equipment in order to maintain the quality of the observations.
WMO-No 544 Vol 1 Part V Quality Control introduction: 

Quality control of observational data consists of examination of data at stations and at data centres to detect errors so that data may be either corrected or flagged.  A quality control system should include procedures for returning to the source of data to verify them and to prevent recurrence of errors.  Quality control is applied in real time, but it also operates in non-real time, as delayed quality control.  Data quality depends on the quality control procedures applied during data acquisition and processing and during preparation of messages, in order to eliminate the main sources of errors and ensure the highest possible standard of accuracy for the optimum use of these data by all possible users.
The Manual on the Global Data-processing and Forecasting System (Volume I Global Aspects WMO-No.  485)
 in Part II Section 2 defines the responsibilities and minimum standards of Quality Control at GDFPS Centres in real- and non-real-time.
These standards are accepted by Member States and ratified in WMO Congress.  The Member States put appropriate quality control processes in place at weather stations and at data collection and dissemination points within each Member State.  The Member State trains individuals who make observations, and commissions developers who design and implement measuring systems.  These individuals are authorised and accredited to make observations and to perform the quality control processes appropriate to their role.
This replicates the ISO 19158 Quality Control Accreditation Process between client (WMO) and supplier (a data supplying Member State), and between supplier and teams (authorised observing station) and finally between teams and authorised individuals.

The Quality Control Processes are lodged at appropriate stages and audit measures can trace the processes back to source.  In many Member States, the trained observers are accepted legally as expert witnesses concerning the state of the weather, and the logs or records at the site are recognised formally as legal instruments (authoritative documents).

At each GDPFS Centre which runs Numerical Weather Prediction Models, further real-time quality control procedures are performed for each observational data type used in the NWP models, in order that errors are minimised in creating the starting point (the meteorological analysis) for each NWP model run.  These processes, whilst replicated at each centre are very specific to the qualities of each NWP model.  The analysis process is based on both physical understanding of the NWP processes, and the statistical history and performance of both the data type and the particular observation site.  It is a highly computer-intensive process which is seldom directly exchanged with other Member States or even other organisations within the Member State, and certainly not in real-time.  The data volumes for the analysis process are huge and are very far from being discovery metadata.
For non-real-time quality control, WMO delegates the monitoring process to authorised centres, although the verification processes which are required at each GDPFS Centre who create and issue forecasts are usually performed globally for all the data used in each.  Where observations are performed, collected and disseminated every half-hour or less, quality control in monitoring involves exchanging summary data in monthly or longer cycles.
WMO Quality information in data bulletins or instances.

While little quantitative information on quality can be incorporated in WMO Metadata, both quantitative and non-quantitative information abounds within WMO data formats.  Across the GTS huge amounts of “instance data” (in WMO terms “bulletins” or “files”) are transmitted every day between the Member States.  There are currently 50+ “Traditional Alphanumeric Codes” which are in the process of being transferred to “Table Driven Codes” which includes BUFR and GRIB
.  GRIB is for gridded data (mainly forecast grids), and BUFR is mainly for point observational data, and both are entirely described by reference to tables of descriptors – for BUFR more than 450 such tables.
Included in the BUFR tables are mechanisms to describe monitoring and verification statistics in quantitative form.  For real-time data, many quality measures exist relating to individual measurement values of individual parameters.  This is detailed information, not metadata to be used in discovery. It describes the particular circumstance of a measurement, for example that an aircraft-measured temperature and wind measurement was taken while ascending, denoting that its 3D positional accuracy and representativity are less reliable.
ISO 19157 Data Quality Elements and the relevance to WMO
Labels are the section labels from ISO 19157 Geographic information – Data quality
6.3.2 Completeness

Completeness is defined as the presence and absence of features, their attributes and relationships.
In many WMO datasets, observational data will be included if the observations were scheduled to be made; were performed; were disseminated; were received and were amalgamated into the dataset - or not.   If data were deliberately excluded this would often be a property of the dataset identification, either through extent or through abstract.
6.3.3 Logical consistency

Logical consistency is defined as the degree of adherence to logical rules of data structure, attribution and relationships (data structure can be conceptual, logical or physical).  If these logical rules are documented elsewhere (for example in a product specification) then the source should be referenced (for example in the data quality evaluation).
In many WMO datasets, and particularly those disseminated over the GTS, logical consistency is guaranteed by the Member State and the fact of dissemination over the GTS Non conformant datasets are prohibited from being disseminated over the GTS.
6.3.4 Spatial accuracy

Spatial accuracy is defined as the accuracy of the position of features in relation to Earth.
WMO requires locations to be specified in WGS84 to one thousandth of a degree latitude and to one metre in the vertical.  Only recently, for specialised tasks has the need for higher precisions appeared.  Observational sites (weather stations) are rather sparse, even on the densest of networks and are considered to be representative (or not) of their locality within the spacing of the network.

Spatial representativity in the vertical is usually of greater importance, as many weather elements (temperature, wind speed etc.) have a strong height dependence (which of course can vary with the weather situation).
WMO Guide to Meteorological Instruments and Methods of Observation WMO-No 8 says:

“The representativeness of an observation is the degree to which it accurately describes the value of the variable needed for a specific purpose.  Therefore, it is not a fixed quality of any observation, but results from joint appraisal of instrumentation, measurement interval and exposure against the requirements of some particular application.  For instance, synoptic observations should typically be representative of an area up to 100 km around the station, but for small-scale or local applications the considered area may have dimensions of 10 km or less.”
Note that this definition of representativity is different to that of ISO 19157 section 6.5.3 which is defined as the representativeness of a sample from the whole.  A meteorological observation is representative (or not) of its locale in space and time.
Numerical Weather Prediction Models have grids almost always greater than 1km, and globally these are typically 50 km in separation.  For example, all global (indeed almost all) operational NWP models use a spherical earth, as precision to a scale of an oblate spheroid is not needed.
6.3.5 Thematic accuracy

Thematic accuracy is defined as the accuracy of quantitative attributes and the correctness of non-quantitative attributes and of the classifications of features and their relationships.
Adherence to WMO standards ensures Thematic Accuracy.

6.3.6 Temporal quality

Temporal quality is defined as the quality of the temporal attributes and temporal relationships of features.
Temporal quality is often more important to WMO data than spatial quality.  All WMO data disseminated on the GTS have temporal information defined to appropriate WMO standards.

6.3.7 Usability

Usability is the degree of adherence to a specific set of data quality requirements.

Adherence to WMO standards ensures Usability in this context.
Annex A

WMO CBS (Commission on Basic Systems) technical guidance documents relating to quality, quality control and quality assurance

General

1. The WMO Technical Regulations (WMO–No.  49).  Volume I – General Meteorological Standards and Recommended Practices.  Section A -- World Weather Watch, 1988
A1 – Global Observing System 
A2 – Global Data – Processing System 
A3 – Global Telecommunication System 

Global Observing System

2. Manual on the Global Observing System (WMO-No.  544), 2003

3. Guide on the Global Observing System (WMO-No.  488), 1989

4. WMO Publication No.9, Volume A

Global Data – Processing System

5. Manual on the Global Data-Processing System (WMO-No.  485), 1992

6. Guide on the Global Data-Processing System (WMO-No.  305), 1993

7. Guide on the automation of data-processing centers (WMO-No.  636), 1998

8. Guide on the World Weather Watch Data Management (WMO-No.  788), 1992

9. Summary of Recommended Practices for Weather Forecasting, 2004

Global Telecommunication System

10. Manual on the Global Telecommunication System (WMO-No.  386), 1992

11. Manual on codes-International codes (WMO-No.  306), 1995

12. Guide on Internet practices.  Revised edition, 2003

13. Guide on the use of TCP/IP on the GTS

14. Guide on Virtual Private Networks (VPN) via the Internet between GTS centers, 2002

Public Weather Service (PWS)

15. Guidelines on quality management procedures and practices for Public Weather Services (WMO/TD No.  1256), 2005.

� Global Observing System � HYPERLINK "http://www.wmo.int/pages/prog/www/OSY/GOS.html" ��http://www.wmo.int/pages/prog/www/OSY/GOS.html�


� Global Telecommunication System � HYPERLINK "http://www.wmo.int/pages/prog/www/TEM/GTS/index_en.html" ��http://www.wmo.int/pages/prog/www/TEM/GTS/index_en.html� 


� Global Data-processing and Forecasting Systems � HYPERLINK "http://www.wmo.int/pages/prog/www/DPS/gdps.html" ��http://www.wmo.int/pages/prog/www/DPS/gdps.html� 


� Guide to the GDPS (not currently available on the Web)


� WMO No-8 (Seventh edition 2008) 


� HYPERLINK "http://www.wmo.int/pages/prog/www/IMOP/publications/CIMO-Guide/CIMO_Guide-7th_Edition-2008.html" ��http://www.wmo.int/pages/prog/www/IMOP/publications/CIMO-Guide/CIMO_Guide-7th_Edition-2008.html� 


� Manual on the GOS � HYPERLINK "http://www.wmo.int/pages/prog/www/OSY/Manuals_GOS.html" ��http://www.wmo.int/pages/prog/www/OSY/Manuals_GOS.html� 


�  Manual on the Global Data-processing and Forecasting System (Volume I Global Aspects


WMO-No. 485) � HYPERLINK "http://www.wmo.int/pages/prog/www/DPFS/Manual_GDPFS.html" ��http://www.wmo.int/pages/prog/www/DPFS/Manual_GDPFS.html� 


� WMO International Codes � HYPERLINK "http://www.wmo.int/pages/prog/www/WMOCodes.html" ��http://www.wmo.int/pages/prog/www/WMOCodes.html� 





