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WMO INTEGRATED GLOBAL OBSERVING SYSTEM (WIGOS)

THE WIGOS DATA QUALITY MONITORING SYSTEM (WDQMS)
The NWP Pilot Project and Preliminary Results


	
[bookmark: _GoBack]At Cg-17 developing a WIGOS Data Quality Monitoring System (WDQMS) was identified as a high priority. The purpose of the WDQMS is to monitor, evaluate and trigger corrective actions relating to departures of actual WIGOS data quality from expected WIGOS data quality. When completed the system will monitor includes observational availability, observational quality and observational timeliness for data produced by all WIGOS observing components: The Global Observing System (GOS), the observing component of Global Atmospheric Watch (GAW), the WMO Hydrological Observations (WHO) and the Observing component of Global Cryosphere Watch (GCW); It also covers the WMO contributions to co-sponsored observing systems, in particular the Global Climate Observing System (GCOS).

The initial system module monitoring delivery and quality of surface-based observations received by the global numerical weather prediction centres has been prototyped via an NWP-based Pilot Project, and it is scheduled to enter its pre-operational phase in the second half of 2018. The Pilot Project is presented along with preliminary monitoring results. Preliminary results reveal a low level of compliance with WMO Regulatory Material and CBS Recommendations in many parts of the world, with substantial negative impact on forecasting and monitoring capabilities. 







The WIGOS Data Quality Monitoring System (WDQMS)

1. Introduction

The purpose of the WDQMS is to monitor, evaluate and trigger corrective actions relating to departures of actual WIGOS data quality from expected WIGOS data quality. When fully implemented, the monitoring undertaken by the WDQMS will encompass availability, quality and timeliness of all WIGOS observations, i.e. data produced by all WIGOS observing components which are the Global Observing System (GOS), the observing component of Global Atmospheric Watch (GAW), the WMO Hydrological Observations (WHO) and the Observing component of Global Cryosphere Watch (GCW). It will also cover the WMO contributions to co-sponsored observing systems, in particular the Global Climate Observing System (GCOS).


2. The WDQMS Functions

WIGOS Quality Monitoring (QM) Function:
This function automatically generates monitoring reports (either for the global domain or for a specific region); the frequency, content and format of them depend on each observing system/programme.
For the surface-based stations of the GO, four global NWP centres are producing monitoring reports, as by-product of their data assimilation process, containing results by observing system and by variable (see section 3).

WIGOS Evaluation (and reporting) Function (QEv): 
This function takes the reports from the QM function, from one or more contributing centres, extracts the baseline information from reference sources, e.g. OSCAR/Surface, such as the expected quality, timeliness and schedules of international data exchange, and generates routine performance “reports” for:
· near real time or non-real time data availability and quality against the baseline or specific targets for each observing system;
· non-real time trends in network performance over a subtle period (for GOS elements monthly rolling averages are proposed).

Additionally, the QEv function analyses the observational issues contained in the QM reports and determines if they justify to be formally raised as Incidents with the observational data provider (usually but not exclusively a NMHS), taking into account the features of the QM contributing centre and other contextual information, such as geo-political, environmental, expectation of typical performance & exceptional circumstance.

WIGOS Incident Management (IM) Function: 
If the issues considered by the QEv function merit being raised as Incidents, they will be undertaken by the IM function which requests the data suppliers to investigate and to resolve the incident within a reasonable time. The IM function includes the whole process of recording, communicating clearly and follow-up of the incidents with the data providers as well as communicating with the data users to ensure they take suitable precautions with the source.
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The WIGOS Incident Management procedures
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The main functions of the WDQMS concept

The Regional WIGOS Centres (RWCs) constitute the designated regional component of WIGOS tasked with providing the QEv and the IM functions of the WDQMS, in addition to being responsible for supporting Members within their respective geographic domains in entering, updating, maintaining and quality controlling WIGOS station metadata in the OSCAR/Surface database.


3. Pilot project on NWP-based monitoring

A pilot project on NWP-based monitoring has been developed under the WDQMS. Starting in 2015, four global NWP centres, ECMWF, NCEP, JMA and DWD, have been providing monitoring output in real time, every six hours, to the WMO Secretariat covering the following observations received from the Global Observing System component of WIGOS:
· Surface  measurements of pressure, humidity, wind and temperature;
· Upper air (radiosonde) measurements of humidity, wind and temperature;

The four NWP centres have agreed on common structure and file formats for the exchange of monitoring results, containing detailed information for each individual observing station, such as:
· Observation received within operational data cut-off (yes/no),
· Observation used in assimilation (yes/no),
· If not used, why not (flag),
· Observation minus background residual (value)

The Task Team on WDQMS and the NWP centres are working to expand the monitoring to other observation types (marine, aircraft, climate).

A prototype of a Webtool for displaying the monitoring outputs from the NWP Centres was developed at Secretariat/WIGOS PO, which includes interactive graphic displays (maps and time series). The plan is to transfer further development and operation of the tool and operational hosting of the monitoring data to ECMWF during the second half of 2018.




4. Sample results from the WDQMS NWP Pilot.
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Figure 1; Surface pressure observations received by ECMWF on June 17 2018, 18Z; fully reporting stations shown in green, partly reporting station in orange, minimally functioning station in red, silent stations in black. 
As an example of the products generated by the NWP Pilot, figure 1 shows all surface pressure data worldwide received by ECMWF for June 17 2018, 18Z. Stations for which the reporting frequency conforms or nearly conforms to the expectations as recorded in OSCAR/Surface are shown in green (more than 80% of expected data received), stations that are partly conforming shown in orange (less than 80%, but more than 30% of expected data received), minimally performing stations are shown in red (less than 30% of expected data received), and silent stations are shown in black (no observations received for this synoptic time). 
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Figure 2;  Surface pressure observations received by DWD on June 17 2018, 18Z; (see Figure 1 for explanation of colours)

It should be noted that there are some inconsistencies between the data received by the various NWP centres. Figure 2 shows surface pressure data received by the NWP centres operated by the German NMHS, DWD, for the same time as in figure 1. The most striking difference is for Brazil, where DWD shows generally good availability, whereas ECMWF shows a prevalence of silent stations. At the time of writing (June 2018), the difference between these two centres is well understood, and remedial action will be taken in the ECMWF data ingest. The example is included here to illustrate the importance of not relying on a single endpoint for this type of monitoring. Since the NWP Pilot is based on monitoring endpoint delivery and not monitoring the generation of data at the point of origin, it effectively provides a compound monitoring capability for WIGOS and WIS rather than a “pure” WIGOS monitoring.

In spite of the inconsistencies between the monitoring data reported by the different centres, certain global characteristics and regional patterns the data delivery are clearly emerging. Figure 3 show surface pressure data received by the NWP centres for June 17 2018, 18Z, but rather than plotting results for a single centre as in Figures 1 and 2, a “best case” is shown. For each station on the map, the best reporting status among the four centres is shown, so if a given station reports more than 80% of its expected data to merely one of the four monitoring centres, it is shown in green, etc. Figure 3 therefore provides a reasonably accurate picture of the availability of real-time data to the global Numerical Weather Prediction community, and the data coverage shown tends to be relatively constant in time (both by date and by time of day).

Good data coverage is seen over Western Europe, Japan, Brazil and in isolated spots around the globe, poor data coverage is seen over Africa, the Caribbean, the Southwest Pacific, and large data voids persist over large areas of the oceans and in the high latitude. Large areas of the continental land masses are dominated by stations shown in orange. These typically provide three-hourly reporting, which is compliant with the minimum requirements per the Manual on the Global Observing System. They are not compliant with recurring recommendations from the Commission for Basic Systems, which are calling for hourly observations to be exchanged where available.

[image: ]
Figure 3: Data received by NWP Centres for June 17 2018, 18Z, "best case" (see text for explanation); colours same as in Figure 1
 
5. Conclusion
The NWP Pilot of the WIGOS Data Quality Monitoring System provides 24/7 monitoring of surface-based observations delivered to four NWP Centres around the globe. Sample results reveal large data voids and inadequate acquisition and/or reporting of observational data over many areas of the globe. The Commission for Basic System and the Inter-commission Coordination Group on WIGOS have taken note of this and are in the process of developing a plan for remedial action to be propose to the World Meteorological Congress.
________
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WDQMS - Incident Management Procedure
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