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Summary and purpose of document

This document contains the preliminary verification of precipitation forecasts against observations for the East Africa SWFDP. 
Action Proposed  

The meeting is invited to take note of the document
Verification in support of the SWFDPs: the East Africa SWFDP experience

1. Introduction 

It is generally agreed that different users of verification results will have different needs and that users must have a clear verification targets before a verification system is designed. Possible lack of this clarity might be the reason why verification has been poorly understood and not well implemented and often not maintained as an continuing activity, even though it has always been recognized as important and an essential ingredient in the forecasting process. 

In the context of the SWFDP, the direct model output products are available from ECMWF, NCEP, and the Met Office UK to the project but they have not been verified consistently for countries in Africa.  Given that it is also generally known that models have systematic weaknesses in the tropics, it becomes risky to use these products without verifying them.  At the very least, verification results should quickly indicate which model performs most reliably as forecasting guidance.

Even though comprehensive verification of forecast products for the global models might be best done at the source of the model output, since it is easiest to transfer relatively small datasets of observations to global centers, it may rather difficult to obtain observation due to stringent data policies.

2. Purpose

Purposes of verification can be classified as either administrative or scientific, or rarely a combination of both. Administrative verification includes such goals as justifying the cost of a weather service or the cost of new equipment, or monitoring the quality of forecasts over long periods of time.  Administrative verification usually means summarizing the verification information into as few numbers as possible, using scoring rules.  Scientific verification, on the other hand, means identifying the strengths and weaknesses of a forecast in enough detail to be able to make decisions about how to improve the product, that is, to direct research and development activity.  Scientific verification therefore means more detail in the verification methodology, and less summarizing of the verification information.

For the SWFDP it is fair to say that verification needs to be done for both main purposes in order to demonstrate the impact of the project in terms of improved operational forecasting services to establish the level of accuracy of severe weather forecasts and the accuracy of the various guidance products for African countries.

3. Procedures

The three main principles of verification are:

· The user and purpose of the verification must be known in advance. 

· No single verification measure provides complete information about the quality of a forecast product. 

· The forecast must be stated in such a way that it is verifiable, which implies a completely clear statement about the exact valid time or valid period of the forecast, and the location or area for which the forecast is valid, along with the nature of the predicted event. 

Keeping in mind these three principles, a verification strategy can be defined. In the case of the Southern Africa SWFDP, the main forecast variables were extreme precipitation and strong winds, with “extreme” defined by thresholds of 50 mm in 6 h, 50mm and 100 mm in 24h and “strong” winds being defined by thresholds of 20 kt and 30kt. These are therefore categorical variables, and verification measures designed for categorical variables have been applied.  In each case, there are two categories, referring to occurrence or non-occurrence of weather conditions exceeding each specific threshold. A similar approach has been attempted for the East Africa SWFDP, even though not in a systematic fashion.

The exact nature of the event being predicted needs to be clearly stated, so that the user can clearly understand what is being predicted and can choose whether or not to take action based on the forecast.  The event must also be clearly defined for verification purposes. Specifically, 


-The location or area of the predicted event must be stated


-The time range over which the forecast is valid must be stated, and


-The exact definition of the event must be clearly stated.

The selection of the area is linked to the amount of observations available to verify model forecasts therefore, even though small areas would be more appropriate to have detailed information on the skill of the forecast, it may be impractical due to the sparse coverage of weather reports. In the case of the East Africa SWFDP, SYNOP stations in Uganda, Tanzania and Kenya were gathered together to assess the performance of the forecasts (Figure 1).
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Figure 1: Distribution of SYNOP stations for the East Africa SWFDP

4. Results for the East Africa SWFPD

 Figure 2 depicts the ECMWF short range forecast of 24h accumulated precipitation versus the observed values for all the stations in the area. There are many occurrences of observed precipitation exceeding the 50mm/24h threshold, while the maximum forecast value is 47mm/24h. A few forecasts exceed 30 mm/24h, but most are false alarms. A couple of forecasts over 30mm/24h are accompanied by occurrences of 40 to 70 mm/24h.
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Figure 2: precipitation forecast versus observed 

The forecast reduction of variance is only R2 = 0.0075 , which implies that the forecast is no better then the sample mean as predictor.

Figure 3 shows a set of different scores for 1mm/24h (left panel) and 20mm/24h (right panel) of the ECMWF forecast for different forecast ranges. Comparing forecast frequency (red line) and base rate (light blue line), the overforecast by factor of 2 for 1mm threshold (left) and the underforecast by factor of 5 for 20mm threshold (right) is evident. The scores presented in the graphs tend to 0 for rare events, and this is evident by comparing the ordinates of the two panels in fig. 3: the y-axis of the right panel would fit under the first line of the left panel!

The glitch in the data at 6 days may be due to duplication of reports in the database, but further investigation is needed.  The scores for the 20mm/24h threshold are dominated by the number of hits, which varies from about 4 to 12 over the forecast range (for a total of 7000 cases)
Figure 4 depicts a set of scores that have been proposed for assessing forecasts of severe weather events. These scores, except EDS, are supposed to be insensitive to base rate.  If so, then the EDI and SEDI would seem to be most useful, and nearly identical, showing consistently lower values at 20 mm/24h than 1 mm/24h.  The SEDS, which uses forecast frequency, shows smaller differences in accuracy, but it drops faster for the 20 mm threshold. The quality of the forecasts decreases steadily with increasing forecast projection.

The EDS is negative for the 20 mm/24h threshold after day 1, but it has high values for the 1 mm/24h threshold; the overforecasting of small rainfall amounts (higher false alarms) is presumably what depresses the SEDS for the 1 mm threshold/24h threshold.
These results are very preliminary and they are summarised as an example of verification exercise for the SWFDP.
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Figure 3: Set of scores for the ECMWF forecast: 1mm/24h threshold (left) and 



20mm/24h (right). Scores as per legend.
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Figure 4: as in Figure 3 but for EDS, SEDS, EDI, SED
5. Conclusion and questions

An attempt has been made to verify precipitation forecasts for the East Africa SWFDP, using a 50mm/24h threshold as proxy for severe event.

The document has highlighted the many trade-offs that have to be made to be able to assess the skill of forecasts. This verification exercise has raised a number of questions:

· Is it realistic to think that users have a clear idea on what they need before designing a verification system? Perhaps we should lower our expectations and ask whether people are aware of the potential benefit they could get from knowing something about the weaknesses and strengths of the model they are working with. 

· Are providers of meteorological parameters aware how the variation of a certain percentage of a score can impact their users/customers? 

· Are people aware that verifying against observations is a difficult task as it implies collaborations, exchange of data, data availability, technology, politics and perseverance? 
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