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Summary and purpose of document

This document provides thoughts from the Joint Working Group on Forecast Verification Research (JWGFVR) concerning the inclusion of surface parameters in NWP verification are given. 


Action Proposed  
The meeting is invited to review the contents of this document and define guidelines for the inclusion of surface parameter standard verifications.
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JWGFVR RECOMMENDATIONS ON THE INCLUSION OF VERIFICATION OF SURFACE PARAMETERS IN THE CBS VERIFICATION PROCEDURES FOR NWP
1. Observations for verification of surface parameters

Surface level observations of precipitation, 2 meter temperature and 10 m wind can be used for the verification of the corresponding model variables. In order to be able to use such observations in the verification process, it is important to know their availability and their quality.  

SYNOP data are available on the GTS and report with several temporal resolutions. Temperature (above and below the surface), rain, humidity, MSLP, wind, wind gust, cloud variables and visibility are the parameters measured by the sensors. These SYNOP data are subject to specific quality standards established by WMO. In addition to the data available on the GTS, countries may have their own local observation networks, but these data may not be generally available and may be subject to data policies. In Europe data policies are quite strict, while other countries like USA and Australia are less stringent. 

Over the years there has been a decline in the number of manned stations and a progressive shift towards automatic reporting. Moreover, SYNOP stations are subject to re-location during their lifetime. These changes have impact on the verification. A standard list of stations with uniform distribution and covering most areas on the globe may be necessary to guarantee that all the centres verify against the same set of data. This methodology is already proposed in the verification against radiosoundings. 
Ground-based radar has spatial and temporal resolutions of 1-3 km and 5-15 minutes, respectively, and provides information on rain and wind.(the latter requires Doppler capability) The instrument measures reflectivity and conversion methods must be applied to transform the data into rain and wind estimates. 
Currently the USA provides a "Stage IV" precipitation analysis whereby radar and rain gauge measurements are merged on a regular 4 km grid. Hourly, 6 hourly and 24 hourly analyses are available and include manual QC. More information can be found at http://data.eol.ucar.edu/codiac/dss/id=21.093. 
In Europe, the EUMETNET OPERA (Operational Programme for the Exchange of weather RAdar information) project is gathering all the data from the network of European radars to produce composite images. The fundamental objective of OPERA is to provide a platform to exchange expertise and data management procedures. It has established a data hub to support data exchange and harmonization of data and products. The quality and reliability of OPERA data is still under examination. More details can be found online at http://www.knmi.nl/opera. 

Polarimetric radars are starting to replace conventional and Doppler radars in some countries, and will provide more accurate estimates of precipitation type and amount.
2. Quality control

There are many approaches to quality control of observations needed for verification. Some methods rely on inter-comparisons of different observing platforms, while others compare observations against a background field, usually a short range forecast from a NWP model, to assess the observation error and/or reject observations. The latter approach is widely used in the data assimilation communities and the resulting QC is influenced by the model.

The WMO Guide to Meteorological Instruments and Methods of Observations (WMO-No. 8, 7th ed., 6 August 2008) describes basic quality control procedures to be applied at data acquisition and processing time and during the preparation of messages. The following extract (chapter 1, page 11) summarises the WMO general suggestions: 
Real-time quality control: 

Data quality depends on the real-time quality-control procedures applied during data acquisition and processing and during the preparation of messages, in order to eliminate  the main sources of errors. These procedures are specific to each type of measurement but generally include gross checks for plausible values, rates of change and comparisons with other measurements (for example, dewpoint cannot exceed temperature). Special checks concern manually entered observations and meteorological messages. In AWSs, special built-in test equipment and software can detect specific hardware errors. The application of these procedures is most important since some errors introduced during the measuring process cannot be eliminated later. For an overview of manual and automatic methods in use, refer to other paragraphs of this chapter as well as to Part II, Chapter 1 and WMO (1989; 1992; 1993a; 2003). 

We suggest that CG-FV seeks advice and collaborations with the Instruments and Methods of Observation Programme (IMOP) and the Commission for Instruments and Methods of Observation (CIMO). Moreover, to encourage standard procedures for quality control of observational data, the CG-FV (or the LC-DNV if such a centre is created) may wish to provide software routines that can be adopted by the participating NWP centres. 

Another way to dealing with observation error is to include observation uncertainty in the scores. Bowler (2008), Ciach and Krajewski (1999), Candille and Talagrand (2008), Roberts and Lean (2008), and Santos et al. (2009) have suggested strategies for accounting for observation error. We suggest that the CG-FV monitor the progress in this area with the view to possibly including some of these ideas in the standard verification.

3. Matching forecasts and observations

The method used to match forecasts with verifying observations can have an impact on the verification results, particularly for spatially variable fields such as precipitation. JWGFVR notes that current interpolation practice differs widely among NWP centres, and strongly supports the use of standard interpolation techniques as part of the CBS verification procedure. 

For matching forecasts of surface level variables to point observations we recommend bilinear or bi-cubic interpolation of temperature forecasts, and nearest-neighbor sampling for precipitation and wind to avoid undesirable smoothing of the forecast variables. Software routines for interpolation and sampling should be provided by CG-FV (or by LC-DNV if such a centre is established).

4. Verification metrics

With the possible addition of surface level verification to the standard, additional metrics will need to be considered. For precipitation (and possibly wind) verification where robustness of scores to statistical outliers is an important consideration, we suggest that the CG-FV consider the recommendations found in the WMO/TD-No.1485 document on precipitation verification. Categorical verification of precipitation is standard practice in NWP verification at many centres and should be included here.

We note also that interest in verifying forecasts for high impact weather has grown in recent years. Methods for verifying extreme forecasts are yet in their infancy (e.g., Stephenson et al. 2008; Ghelli and Primo 2009; Hogan et al. 2009); the CG-FV should monitor the progress and use of these new scores with a view to possibly including them in future standard verification.

It is highly desirable for scores to be accompanied by appropriate confidence intervals, especially when inter-comparing the performance from different models. Bootstrapping (also known as resampling with replacement) is a widely used non-parametric method for deriving confidence intervals.
5. Verification frequency
6-hourly verification against surface observations provides modeling centres and NMHSs with useful information concerning the model's representation of the diurnal cycle, and should be strongly encouraged. 

For precipitation in particular, gauge observations of 24h accumulated precipitation are made at different synoptic times around the world (e.g., 00 UTC in Asia, 12 UTC in the US and Canada, 06 UTC in Europe). The use of these data would necessitate verification in regional areas as is currently done for the radiosonde observations.

