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1
Background
A wide range of NWP centres undertake global or regional observational monitoring activities in accordance with the Manual on the Global Data-processing and Forecasting System (WMO-No. 485), Volume I - Global Aspects, with different practices and procedures implemented and used at various centres. 
The WIGOS Framework Implementation Plan (WIP) specifies two global actions related to quality management:

	Action No.
	Activity
	Deliverable

	5.1.1

G
	Develop WIGOS Quality Management guidance, mechanism, practices and procedures
	1) Initial WIGOS QM to be incorporated into WIGOS Regulatory Material

2) Appropriate bodies have responsibilities identified in their ToRs

	5.1.2

G
	Examination of current quality management practices and procedures being used by WMO observing programmes
	Report on QM practices and procedures used with identification of areas for improvement


The main shortcoming of the current monitoring practices is the absence of the active feedback mechanism (automatically activated corresponding corrective procedures) between the NWP Monitoring Centres and data providers (NMHSs) to fix problems detected by the monitoring, neither in a real-time/near-real-time nor in non-real-time regime. 
The aim of this draft is targeted at improving the quality of the observational data needed for NWP. However, all the WMO application areas will benefit from the improved performance of the observing networks/systems and improved and documented data quality.
The currently defined systems for quality monitoring predominantly rely on the concept of communications via the GTS and do not take advantage of WIS and modern technologies and communications means.
There is a consideration to extend the role of global and regional NWP centres to an enhanced quality monitoring system or to establish appropriate WIGOS QM Centres (WQMC) at the global and regional levels to be responsible for such monitoring activities.

Aims
1. To revise the current requirements for, and practices and procedures of the WMO/WWW Quality Monitoring
, analyse the gaps and make recommendations for improvement.

2. To review the structure, processes, practices and procedures of non-WMO international observations quality monitoring and to make recommendations for improvement.
3. To define and implement a WQMS, basic principles of which are drafted in Annex 1.

3
Scope (Initial): 
The surface-based sub-system of WIGOS: Data quality monitoring of five basic surface variables (surface pressure, air temperature, wind, humidity and precipitation), including (at least):    
· Automatic distribution of monitoring reports to data providers, and
· Automatic real-time/near-real-time practices and procedures for follow-up/corrective actions.
The scope of WQMS will be extended in a stage approach once the initial (new) components and functionality are successfully implemented and the WQMS is operational.

4
Deliverables 
The WQMS established with:
a) Improved data quality monitoring practices and procedures for the surface-based sub-system of WIGOS (the first stage).
b) Enhanced framework for international observation quality monitoring.
The WQMS should consist of the following elements:
a) The continuous real-time/near-real-time (operational, i.e. at least daily) and non-real-time (non-operational; e.g. monthly or other periods as necessary) monitoring and reporting of observational data quality by NWP centres.
b) A WQMS website with observational monitoring reports from the all monitoring centres accessible to WMO Members.
c) A WQM Focal Point network (at global, regional and national levels) supported by QM experts.
d) A database for recording:

· monitoring results and statistics (for each station/system: statistics on observational errors (frequency, magnitude, etc.) of each measured/observed variable detected by quality-control checks/procedures),

· corrective procedures activated (feedback mechanism),
· fault rectification, 

· observing system issues (by observing station/system, date/time and parameter),

· records on persistent biases or failures in observations,

· improvement of observational data quality, performance and maintenance of station/network.

e) A forum for:

· sharing information on issues and priorities associated with fault detection and rectification,

· recording FAQs (frequent/common problems and their solutions),

· contacting experts when assistance is needed, 

· sharing experiences, lessons learned,

5
Tasks and Activities

…

6
Related Activities and Collaboration and Cooperation with other WMO Teams

…

7
Network of WIGOS QM Centres
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8
Functions and Responsibilities

1) WMO

· Establish WQMC

· Establish and maintain WQM Focal Point email lists

· Establish and maintain WQMS Forum

2) WMO Technical Commissions

· Define procedures for WQMC

· Define specification/requirements for the WQMS-DB

3) Global Monitoring Centre (GMC)

· Perform quality monitoring

· Generate monitoring reports and distribute them to the Global WQMC

4) Global WQMC (a virtual centre)

· Receive and store GMC monitoring reports

· Maintain the WQMS database (WQMS-DB)

· Disseminate monitoring reports to R-WQMC and NMHS Observing System FPs

· Provide access to monitoring reports

· Generate QM statistics

5) Regional WQMC

· Follow up on unresolved issues

· Maintain a regional help centre for observations

6) NMHS Observing System Focal Points

· Receive and initiate corrective actions upon reception of monitoring reports

· Maintain the WQMC-DB to record when faults have been rectified

9
Issues

…  

Annex 1

Draft Basic Principles of Data Quality Control Monitoring (DQCM)

(General guidance on DQC monitoring practices and procedures)

Reference: Guide to the Global Observing System (WMO-No. 488). 
Taking into account different aspects, there are several different categories of observational errors to be identified by appropriated QC checks
, and continuously monitored:
1. Source of errors:

(a) Errors due to technical devices (equipment), including instruments;

(b) Errors inherent in observing practices, procedures and methods;

(c) Subjective (human) errors.

2. Frequency of errors:

(a) Random errors (distributed more or less symmetrically around zero and do not depend on the measured value). 

(b) Systematic errors (distributed asymmetrically around zero). On average, these errors tend to bias the measured value above or below the actual value; they can be caused by a long-term drift of sensors, or a sensor without valid calibration.

3. Magnitude of errors:

(a) Gross / large errors (caused by malfunctioning of measurement devices or by mistakes made during data processing; errors are easily detected by QC checks).

(b) Micrometeorological (representativeness) errors (caused by small-scale perturbations or weather systems affecting a weather observation; owing to the temporal or spatial resolution of the observing system, the results may appear strange compared to surrounding observations taking place at the same time, when such a phenomenon occurs during a routine observation).

DQCM should:

1. Detect equipment faults/failures, long-term sensor drifts, other aspects of performance, etc.;

2. Detect different types of errors;

3. Identify systematic differences from neighbouring stations, both in spatial fields and in comparative time series; 

4. Record/monitor numbers and types of errors detected by quality-control checks/procedures; 
5. Activate appropriate corrective procedures (feedback mechanism); and 
6. Provide evidence on reliability of observations.
Continuous real-time / near-real-time (depending on the frequency of observations) data quality monitoring should be performed by the National Meteorological Service. It should cover the monitoring of: 
(a) Completeness and timeliness( of observations at the observing station;

(b) Completeness and timeliness of observations at the national centre (missing or incomplete data);

(c) Quality of observing station/system data transmitted to the national centre (erroneous data). 

Basic QC tests/checks to be used for (c) are as follows:
1. Limit tests (extreme values; hard and soft). 

2. Variability tests (two different types of variability tests: one which tests the maximally allowed variability during a specified time interval (e.g. the difference between two subsequent values) and one which tests the minimal required variability during a certain period (‘dead band’ range). 

3. Inter-parameter consistency tests. Values measured at the same time and at the same place may not be inconsistent to each other.

4. Spatial consistency tests. Values of the same parameter measured at the same time at nearby stations may not differ too much from each other. 

Some assessment can and should be performed in real time/near-real-time (operational DQCM), whereas other quality evaluations can only be accomplished when sufficient amount of data has been gathered over a longer period of time (non-operational DQCM). 

The non-operational DQCM includes monitoring intended to identify and correct chronic or persistent system problems that may not be readily identifiable by the operational DQCM. Its purpose is to review the general performance of the observing system/network and to identify shortcomings which may persist after real-time monitoring is completed. 
Data Quality Control Monitoring (DQCM) requires preparation of different summaries and statistics on observational errors of each measured/observed variable. 

For each station, monitoring statistics on observational errors (frequency and magnitude) of each measured/observed variable should be collected through a series of flags (see Annex 2) indicating the results of each check, and generate hourly, daily, weekly, monthly and yearly summaries of the following:

1. The total number of observations scheduled and available for each variable (completeness of data);

2. The total number of observations which failed the quality-control checks for each variable (quality of data) in case of:

(a) Plausible value check;

(b) Time consistency check;

(c) Check on a maximum allowed variability of an instantaneous value;

(d) Check on a minimum required variability of instantaneous values;

(e) Internal consistency check;

(f) Percentage of failed observations (quality of data);

(g) Error and threshold values for each failed observation (reason for failure);

(h) Root mean square error/mean error/percentage failure for failed observations for each station (daily/weekly/monthly/ yearly) (quality statistics).

The statistics provide information with aimed at: 

(a) Monitoring quality of station performance, 

(b) Locating persistent biases or failures in observations, 

(c) Evaluating improvement of observational data quality, performance and maintenance of station/network. 

Large percentages of failed observations at stations are most likely due to hardware or software failures or inappropriate maintenance. These should be referred back to the network manager.

_________

Annex 2

Draft Quality Control Flags used for the surface observations

1) Reference: Guide to the Global Observing System (WMO-No. 488)
All surface observational data should be flagged using appropriate quality control flags. These are used as qualitative indicators representing the level of confidence of the data. At the basic quality control level, a simple flagging scheme of five data quality control categories suffices. The quality control flags are as follows:

1. Good – accurate; data with errors less than or equal to a specified value;

2. Inconsistent – one or more parameters are inconsistent; the relationship between different elements does not meet defined criteria;

3. Doubtful – suspect;

4. Erroneous – wrong; data with errors exceeding a specified value;

5. Missing data;

6. Changed.

It is essential that data quality be known and demonstrable; data must pass all basic quality control checks. In case of inconsistent, doubtful and erroneous data, additional information should be provided; in case of missing data, the reason of missing should be transmitted. 

2) Reference: Manual on Codes - International Codes (WMO-No. 306), Volume I.2: Part B and Part C
Another option for the surface observations is the BUFR descriptor 0 33 020:

Code figure
Quality control indication of following value

0 
Good 

1 
Inconsistent 

2 
Doubtful 

3 
Wrong 

4 
Not checked 

5 
Has been changed 

6 
Estimated 

7 
Missing value

_______
� Quality monitoring also includes monitoring of quantity 


� See � HYPERLINK "https://googledrive.com/host/0BwdvoC9AeWjURlFWdC1qSzRNdkE/wmo_488-2013_en.pdf" ��Guide to the Global Observing System (WMO-No. 488)�, Appendix VI.2 “Guidelines for quality control procedures applying to data from automatic weather stations”;


( regarding the standard times of observation





