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Summary and purpose of document

Recent developments on EPS verification at ECWF are summarized and some plans for further development are outlined. The paper does not review the standard verification of EPS performance.  For severe event verification in particular, small sample sizes are almost inevitable. Significance testing is especially important in such cases. Accumulating scores over different locations and seasons helps to increase sample size, but can affect results if the climatological frequency of the event varies between locations. Expressing events in terms of quantiles of the climate distribution can minimize these affects, but there are practical problems in the availability of such climate distribution data, especially for observational data. Users may also have requirements for events defined in absolute terms. 
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ACTION PROPOSED

(The meeting is invited to review the document and consider input to its conclusions and recommendations as appropriate.)
1 Severe weather verification

1.1 Sample size and statistical significance

Verification of severe weather is complex. One of the issues that need to be taken into consideration is sample size. Many of the scores used for verification purposes are affected by the sample size.  To overcome this deficiency, it is appropriate to introduce confidence intervals, which give an indication of the uncertainty associated with the score. A study by ECMWF of severe precipitation events has addressed the issue of the confidence assigned to a score when verifying forecasts.  Confidence intervals have been constructed by using bootstrapping with replacements.

The case study included a set of severe precipitation events (about 100) which occurred during the period January 2001 to February 2002 in the United Kingdom. Figure 1 shows the True Skill Score for 3 thresholds as a function of forecast step. Forecasts were verified against the precipitation analysis computed for the T511 Gaussian grid, using the high resolution network data provided by the Member and Co-operating States. It is a gridpoint-to-gridpoint verification, whereby each gridpoint forecast is verified against its analysed value. The True Skill Score value for the 15 and 25 mm/24h rates decreases when the forecast range lengthens, as expected. The higher threshold (40 mm/24h) shows odd behaviour: the t+90 forecast range performs better than the shorter range forecasts. The introduction of confidence intervals for the TSS (Figure 2) illustrates that the previous conclusion is not appropriate, as the uncertainty in the 40 mm/24h score is quite large. 
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Figure 1: TSS value for a sample of extreme events which happened in the UK between 2002 and 2004. Three precipitation thresholds are shown: 15mm/24h (blue dot), 25mm/24h (red triangle) and 40 mm/24h (green square).
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Figure 2: TSS value for a sample of extreme events which happened in the UK between 2002 and 2004. Three precipitation thresholds are shown: 15mm/24h (blue circle), 25mm/24h (red triangle) and 40 mm/24h (green cross). Vertical line across symbols indicate confidence intervals (0.05, 0.95 percentile)

The issue of sample size in the verification of extreme events introduces complexity into the verification process. An approach widely used to increase sample size is to pull together cases occurring in different parts of the world or at different times of the year, which loosely corresponds to area or time averaging. Another approach is to relax the gridpoint-to-gridpoint verification requirement, that is, we consider a forecast to be correct, if at least one instance verifies within a defined area. For the purpose of this case study, the area was considered to be the whole of the UK. The corresponding TSS score, shown in Figure 3, indicates better forecasting system performance when using this relaxed verification method. It is understood that the definition of the area is a key issue and sensitivity studies need to be carried out before any conclusions can be drawn.
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Figure 3: TSS value for a sample of extreme events happened in the UK between 2002 and 2004. The condition of gridpoint-to-gridpoint correspondence has been relaxed in these set of verifications. Three precipitation thresholds are shown: 15mm/24h (blue circle), 25mm/24h (red triangle) and 40 mm/24h (green cross). Vertical line across symbols indicate confidence intervals (0.05, 0.95 percentile)

1.2 Sample size and area averaging

The issue of sample size in the verification of extreme events introduces complexity into the verification process. An approach widely used to increase sample size is to pull together cases occurring in different parts of the world or at different times of the year, which loosely corresponds to area or time averaging. For many events (e.g. temperature anomaly more than 4K, precip more than 10mm) the climatological frequency (base rate) for an event may vary substantially between locations. This can affect the scores and give a false impression of forecast performance.  The problem can be minimised by defining events such that the base rate is the same for all locations in the sample. Using quantiles of the climatological distribution would do this; events defined in terms of climatological standard deviation would be suitable for approximately Gaussian distributions.  The practical difficulty is often the lack of suitable climate distribution data sets. From the user perspective, quantiles may not be appropriate. For example the impact of temperature on health is likely to be related to a specific threshold rather than a fixed quantile.  

For verification against analyses, ECMWF plans to use ERA40 reanalyses to generate quantiles of climatological distributions. Results will be compared to the current operational verification of 850 HPa temperature anomalies exceeding the fixed thresholds of 4K and 8K (as currently used for the exchange of EPS verification scores).  

1.2.1 Observational data - Climate Atlas of Europe

The Climate Atlas of Europe newly released by Météo-France as part of a EUMETNET/ECSN co-ordinated action has made it possible to lay the foundations of what could become a European scale verification system, using the ranking of observations within local climate records. 

The atlas contains monthly normals of temperature, precipitation, wind and sunshine duration for ~ 700 selected European stations. In addition statistical information (including quintile boundaries) for these parameters and for the occurrence of phenomena such as fog, thunderstorm, hail and snow are reported. The computation period is 1971-2000.

This data set has been used in a preliminary study of the use of the ECMWF Extreme Forecast Index (EFI) to predict extreme precipitation events.  

Because the Atlas data is for monthly mean data and only quintile boundaries are included, it is still necessary to estimate appropriate thresholds for daily values and for extreme events. For the verification of EFI for extreme precipitation the following procedure was followed. For each station a precipitation threshold was defined as max(20 mm, 0.2*Q4) where Q4 is the upper quintile (monthly). This empirical choice ensured that all events exceeding the threshold would have at least 20mm, while also including dependency on both individual station and month. Synop records for each station were then used to identify events with daily precipitation exceeding the threshold. Over the 18-month verification period, around 1% of cases (all stations) were identified as extreme events using this method. Although the procedure introduces some location dependence, the frequency of the events still varies to some extent between stations (Figure 4). Further work is needed to develop the application of this approach.
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Figure 4: Observed frequency of extreme precipitation event (see text) at European stations October 2003 – May 2005








































