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Summary and purpose of document

This document introduces the development of a new verification score for precipitation, SEEPS, designed to monitor trends in forecast performance. 
Action Proposed
The meeting is invited to note the development and use of the SEEPS score at ECMWF and to consider its use as a verification measure for deterministic NWP forecasts as an addition the the set of CBS scores. 
References:
- Rodwell, M. J., D. S. Richardson, T. D. Hewson, and T. Haiden, 2010: A new equitable score suitable for verifying precipitation in numerical weather prediction. Q. J. R. Meteorol. Soc., 136, 1344-1363.
(copy attached)

Development of new headline score for verification of precipitation at ECMWF
1.
Introduction and summary
ECMWF’s Member States have recently completed a review of the verification of the ECMWF forecasting systems. The review was undertaken by a Subgroup of the ECMWF Technical Advisory Committee. The Subgroup comprised representatives nominated by the Member States and a number of independent verification experts. One of the main objectives of the Subgroup was to review the verification of surface parameters and in particular to recommend an appropriate measure to monitor the long-term progress in the prediction of surface weather. This will complement the current headline verification for synoptic-scale upper-air performance (anomaly correlation for 500 hPa height). 

To meet this requirement a new verification score, SEEPS (Stable Equitable Error in Probability Space) was developed. This is described briefly below and a few examples of SEEPS for ECMWF and for two other global centres are shown. More details are presented in the attached journal article (Rodwell et al., 2010).

2. 
Verification of precipitation and the SEEPS score 
CBS does not currently provide procedures for the verification of precipitation (or other surface parameters) for deterministic forecasts. After considering a number of surface weather parameters, the Subgroup agreed that precipitation accumulated over 24 hours, verified against SYNOP observations from the GTS, best meets the requirements for an overall headline score for the following reasons:

· it is of great relevance to users; heavy precipitation is also one of the most significant severe weather events for the Member and Co-operating States; 

· data are already available;

· it is a direct model output parameter, whereas 10 m wind and 2 m temperature are post-processed parameters;

· precipitation accumulated over 24 hours mitigates the problems of  representativeness usually associated with any verification of surface parameters against station observations

The Subgroup made a number of recommendations on procedures to follow for the verification of precipitation:

· Method of interpolation to station location: The model value at the nearest grid point to the observation should be used (no interpolation), as recommended by the WMO WWRP/WGNE Joint Working Group on Forecast Verification Research.

· Availability and quality of observations: synoptic observations from the GTS are all that are available to ECMWF in near real-time. Basic quality control is required. More sophisticated e.g. multi-variate quality control is not recommended at this stage, due to its complexity and the effort required.  

· Climate differences between stations: these can be addressed by scaling the quantity to be verified by the local climate of the station. This allows homogeneous samples to be accumulated over larger areas and in mountainous domains. 

· Geographical distribution of observations: leads to variations of the geographical sampling over time. This is unavoidable, but the requirement for long time series will mitigate its effects to some extent.

Following the above recommendations, ECMWF developed a new verification score, SEEPS (Stable Equitable Error in Probability Space). At each observation location, the weather is partitioned into three categories: ‘dry’, ‘light precipitation’ and ‘heavy precipitation’. The boundary between ‘light’ and ‘heavy’ is determined by the station climatology so that SEEPS assesses salient features of the local weather and accounts for climate differences between stations. The SEEPS score evaluates the performance of the forecast across all three categories. A paper documenting the SEEPS score and its use for monitoring developments in forecasting precipitation has been published (Rodwell et al., 2010).
The Subgroup recognised the following benefits in the SEEPS score:

· Equitable: For a perfect forecast, SEEPS=0. For all systems with no skill, the expected value of SEEPS is 1. SEEPS can be averaged over locations with different climates.

· More stable to sampling uncertainty (for sufficiently skilful systems) and better for trend detection than other scores.

· Robust to skewed distribution because the error is measured in probability space. The score is relatively insensitive to extreme (including erroneous) observations.

· Adapts to assess salient aspects of local weather.

· Encourages refinement (for sufficiently skilful forecast systems). Systems that predict only two of the three categories are penalised.

· Inhibits hedging (for reasonable systems). It is generally not possible to reduce SEEPS without some physical insight.

· Availability of maps and daily scores. SEEPS can identify key forecasting errors including failure to predict heavy large-scale precipitation, incorrect location of convective cells and overprediction of drizzle.

The Subgroup stressed that with any verification against observations the issues of observation error, representativeness (intrinsic differences between the model grid box value and an observation at a single location) and inhomogeneity of the geographical distribution of observations must all be taken into account. The procedures recommended above, together with the area averaging method used in SEEPS, aim to mitigate these effects as far as possible. However, there can still be a significant impact on the skill. For example, a perfect gridded precipitation field at current model resolution would only achieve 80% skill when verified against station observations using SEEPS. This effect can be even larger for other verification measures. This representativeness effect applies to any other score and cannot be avoided unless a high quality gridded precipitation analysis is available (in near real-time) for the verification.

An example showing the evolution of the deterministic precipitation forecast performance in the extra-tropics is shown in Figure 1.     
3. 
Comparison with other centres
Since the CBS exchange of scores does not include any surface parameters, it has not been possible to make the same routine comparison of scores for any surface parameter as is done for the upper-air fields. Recently ECMWF has started to receive global precipitation forecast fields from a number of global NWP centres, specifically for verification purposes. The SEEPS score has been computed for precipitation forecasts from the Japan Meteorological Agency (JMA) and the UK Met Office deterministic global forecast models. JMA scores are available from July 2009; Met Office from March 2010.  All forecasts have been verified at ECMWF against the same set of synop observations. Examples of the results are shown in Figure 2 and Figure 3.

4. 
Reference
Rodwell, M. J., D. S. Richardson, T. D. Hewson, and T. Haiden, 2010: A new equitable score suitable for verifying precipitation in numerical weather prediction. Q. J. R. Meteorol. Soc., 136, 1344-1363.
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Figure 1: Progress in the ECMWF forecasting system as measures by the SEEPS score. Time series of 1-SEEPS of the ECMWF model for different lead times for the extra-tropics. Curves show 1-year running averages. Global medium-range precipitation forecast skill has increased by 2.5-3 days over the period.
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Figure 2: Model intercomparison (ECMWF, UK Met Office, Japan Meteorological Agency) of 1-SEEPS as a function of lead time. Bars indicate 95% confidence intervals.
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Figure 3: Model intercomparison (ECMWF, UK Met Office, Japan Meteorological Agency): timeseries of 1-SEEPS (1 week running mean) for 4-day forecast (24h period T+72-96) verified against synops in the extra-tropics.
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