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Background

The research interests of the CLIVAR community in climate variability have direct application for the impacts groups whose recent work is included in this paper. Further, the importance of the user application community in the utilisation of climate forecasts [START_REF] Pfaff | Who benefits from climate forecasts[END_REF][START_REF] Archer | Identifying Underserved End-User Groups in the Provision of Climate Information[END_REF] and probabilistic seasonal forecasts [START_REF] Hartmann | Confidence Builders -Evaluating Seasonal Climate Forecasts from User Perspectives[END_REF][START_REF] Zhu | The Economic Value of Ensembles-based Weather Forecasts[END_REF][START_REF] Palmer | The economic value of ensemble forecasts as a tool for risk assessment: From days to decades[END_REF] is recognised. There is, however, limited literature on probabilistic application forecasts that apply some form of seasonal scale forecasts [START_REF] Potgieter | On Measuring Quality of a Probabilistic Commodity Forecast for a System that Incorporates Seasonal Climate Forecasts[END_REF][START_REF] Franz | Verification of National Weather Service Ensemble Streamflow Predictions for Water Supply Forecasting in the Colorado River Basin[END_REF] with few current reports of probabilistic application models or analyses running 'within' a seasonal scale ensemble prediction system. This paper reports on four such applications which have been run with the DEMETER probabilistic seasonal hindcasts.

The DEMETER project (www.ecmwf.int/research/ demeter/) was funded under the European Union Vth Framework to assess the skill and potential economic value of multi-model ensemble seasonal forecasts. The DEMETER multi-model prediction system comprises of seven global coupled ocean-atmosphere models [START_REF] Palmer | Development of a European Multi-Model Ensemble System for Seasonal to Inter-Annual Prediction (DEMETER)[END_REF]. The DEMETER, 180 day, hindcasts were started four times a year from 1st February, 1st May, 1st August, and 1st November. Hindcasts have been produced over the period 1958-2001, although the common period to the seven models is 1980-2001.

The seven models with nine ensemble members per model gave a total of 63 hindcasts for each start date.

The performance of the DEMETER system has been evaluated from this comprehensive set of hindcasts [START_REF] Palmer | Development of a European Multi-Model Ensemble System for Seasonal to Inter-Annual Prediction (DEMETER)[END_REF][START_REF] Hagedorn | The rationale behind the success of multi-model ensembles in seasonal forecasting[END_REF]. The ERA-40 reanalysis data is also used in this paper and the project is outlined by [START_REF] Uppala | ECMWF Re-analysis 1957-2001[END_REF] What is common to all of these applications is a need for timely skilful probabilistic seasonal scale forecasts. These forecasts would then be processed through an application model or an application data analysis system and should retain the probabilistic approach of the original forecast. This probabilistic user's forecast could potentially be disseminated either within the application partner's organisation or on to a wider community where the information could be used for strategic planning purposes.

To give some idea of the potential of the application areas here are some examples of the issues faced by the respective application communities of health, agriculture and power production. It is estimated that malaria kills between 700,000 and 2,700,000 annually (MIM, 2001). In addition there are over 300 million acute malaria cases per year. The total value of EU agricultural production is around 200 billion € and the EU production of wheat is around 100 million tons (European Commission 1999), putting the EU as the second largest producer in the world after Asia (FAOSTAT 2001). In France, an additional 1200 MW of electricity demand is created each winter time by a negative temperature anomaly of one degree due to increased heating demand and in summer a positive anomaly of the same amount leads to a 200MW increase due to increased air conditioning demand.

Details on the use of DEMETER hincasts for malaria transmission simulation modelling, European wheat yield modelling, northern Italian wheat yield, and climate cluster analysis for potential electricity demand can be found respectively in [START_REF] Morse | First steps towards the integration of a dynamic malaria model within a probabilistic multi-model forecasts system[END_REF], [START_REF] Cantelaube | Use of Seasonal Weather Forecasts in Crop Yield Modelling[END_REF], [START_REF] Marletto | Evaluation of downscaled DEMETER multimodel ensemble seasonal hindcasts in northern Italy by means of a model of wheat growth and soil water balance[END_REF] and [START_REF] Fil | Winter Climate Regimes over the North Atlantic and European Region in ERA40 Reanalysis and DEMETER Seasonal Hindcasts[END_REF]. All of these applications and their use of seasonal scale probabilistic forecasts are still in the development stage.

DEMETER: A first step or giant leap in the use of a seasonal ensemble prediction system for application users?

Outline of Methods and Results

Malaria transmission

The malaria transmission simulation model (MTSM), described by [START_REF] Hoshen | A weather-driven model of malaria transmission[END_REF], uses DEMETER or ERA-40 two metre maximum temperature and daily precipitation to derive a daily malaria prevalence (the total number of cases within a simulated population at that day). The 63 DEMETER hindcast members were bias corrected using ERA-40. Data for 15 years for four grid points 17.5ºS 22.5ºE to 17.5ºS 30ºE, eastern Angola through to Zimbabwe, at 2.5 degree resolution were run through the MTSM and compared with ERA-40 driven MTSM runs. The seasonal forecasts of most interest were the February starts with the forecast windows of two to four months (MAM) and four to six months (MJJ), as these coincide with the development of mosquitoes and malaria transmission in the MTSM. The MSTM DEMETER prevalence forecasts, when using the ERA-40 run as a perfect forecast for comparison, were found to be skilful using the Brier skill score [START_REF] Wilks | Statistical methods in the atmospheric sciences[END_REF] for both forecast windows. The upper tercile event malaria prevalence forecasts for the four to six month window the May, June and July average gave a Brier skill score of 0.178 and had potential value across a range of cost-loss ratios. Figure 1 shows a box-whisker plot of the MSTM prevalence forecast for the February four to six month window. It can be seen that for most years the ERA-40 derived MTSM prevalence value is captured within the DEMETER ensemble members. It must be made clear that this is not a ground validated result and malaria transmission validation will always be difficult due to the paucity and often uncertain quality of clinical data. This skilful prevalence result was surprising as the precipitation forecast for this region and season were not skilful but the temperature, particularly the upper tercile event, was skilfully predicted.

Crop yields

The two crop yield groups (JRC and ARPA) have used a similar methodology using a WOFOST based crop yield model (Supit et al., 1994) [START_REF] Feddersen | A method for statistical downscaling of seasonal ensemble predictions[END_REF]) using either the monthly means from the 50x50 km JRC gridded observational dataset or the MAP (Mesoscale Alpine Programme) data. These downscaled data were then redistributed on a daily basis with a weather generator based on the Richardson WGEN model [START_REF] Richardson | Stochastic simulation of daily precipitation, temperature and solar radiation[END_REF].

Model Run

Weighted Yield Error (%) ± standard error JRC February 7.1 ± 0.9 JRC April 7.7 ± 0.5 JRC June 7.0 ± 0.6 JRC August 5.4 ± 0.5 DEMETER (Feb. start) 6.0 ± 0.4

Table 1 Table 1 above, shows the results from JRC of the forecast errors from official figures, comparing the JRC model operational system at different dates during the growing season (from February to August, real time forecasts) and the JRC model driven by a mix of observed data (until February) to which were added the DEMETER 63 member ensembles (from March to July, for the seasonal forecasts from the February start date). At the European level, the percentage error obtained with DEMETER at the end of February (5.9%, Portugal excluded and weighted by the contribution of each member states in the EU wheat production) lies between the average error found at the end of June (7%) and the error found at the end of August (5.4%) using JRC operational system. It demonstrates the prediction skill of DEMETER ensembles and the ability to make the forecast earlier in the season than with the current methods. Figure 2 shows the results from ARPA of a DEMETER ensemble 'completed' WOFOST yield prediction for the years 1977 to 1987 for a site near Modena, Italy. The WOFOST based model was run up to the end of March with observed data and then a prediction was made to the end of the growing season in June using DEMETER as a predictor. The DEMETER ensemble members from four of the global models with two downscaling replicates were used giving 72 ensemble members in total. For comparison, firstly a run based on the actual observed weather conditions for that year, a perfect forecast, and secondly a run based on climatology for the months of April, May and June were used with both model runs initiated in the same way as the DEMETER runs. Model runs (not shown), using the method above were also started at the end of April and end of May. The predictive power of crop yield increases, perhaps not surprisingly, as the runs start later in the season and the DEMETER results gave generally better or similar results in the majority of cases when compared with the two non DEMETER model runs.

Electricity demand

Medium range operational forecasts are routinely used for planning purposes by electricity companies including Electricité de France. To examine the potential of seasonal forecasts for power planning ERA-40 reanalysis and DEMETER hindcasts for the winter season were examined for regime type using cluster analysis of the monthly pressure fields [START_REF] Cassou | North Atlantic winter climate regimes: Spatial asymmetry, stationarity with time and oceanic forcing[END_REF] over the North Atlantic and European region. The four clusters are named NAO+, NAO-, Ridge and GS. Where NAO+ and NAO-are the positive and negative phases of the North Atlantic Oscillation, Ridge is the situation with a strong anticyclonic ridge over the North Atlantic basin and GS a zonal pressure dipole between Greenland and Scandinavia. These regimes were found in the ERA-40 reanalysis data for 1958-2001. The DEMETER data were then examined using each of the nine ensemble members for each of the seven global models. In addition a multi-model ensemble of 27 members was constructed for three of the models, with the greatest data holdings, which covered the 1959 to 2001 time period. The pressure patterns for the three winter months (DJF) were taken from the DEMETER November forecast start date model runs. The DEMETER model runs were found to produce the clusters seen in the ERA-40 analysis. The position and intensity of the characteristic anomaly centres vary from model to model but were found to correlate with the ERA-40 values. The best correlations between the DEMETER and ERA-40 were found for the NAO+ and NAO-regimes, however, there was more variability with the GS and Ridge clusters. The best correlations are found with the ECMWF model. The potential prediction of winter time climate regimes could be useful if they relate to surface conditions. In fact, the four climate regimes correspond to specific general atmosphere states and are characterised by specific temperature anomalies. These temperature impacts are also well simulated by the DEMETER models. Figure 3 displays at each grid point the regime that occurs more often in case of warm event (defined by the 20% extreme values of 850hPa temperature) and show clear and distinct zones influenced by one or another regime. At present little skill was found in the seasonal forecasting of the winter time regimes because of the large spread within the ensemble but a potential application has clearly been demonstrated.

Discussion and Conclusions

Further challenges remain for the impact groups to improve their application models and analysis methods, and to continue to make use of the probabilistic nature of seasonal scale ensemble prediction systems.

There is also room for improvement in the seasonal forecast skill for some variables notably, and not surprisingly, precipitation; current seasonal forecast skill for temperature in some regions is surprisingly high even for the four to six month forecast window. Downscaling techniques improve the reliability of the forecasts in Europe. However, techniques developed for areas with both an available and dense station network, such as Europe, will not work for other parts of the world, such as Africa, with its paucity of station data.

Importantly it will be the user community that can provide vital feedback to the seasonal forecast providers, to help to improve an end-to-end seasonal forecasting system. An application model provides an integrated estimate of the skill, often the non-linear product of several forecast variables, versus the traditional skill assessment in climate prediction carried out for separate variables. This further illustrates the importance of the end-to-end approach of integrating application models within probabilistic forecasting systems. It is the user group that can define the potential cost-loss benefit for their application within a seasonal multi-model forecasting system. Further, it will be the application users who will help to set the forecast skill targets that would allow their application models and analysis to be of use for the user communities with which they are associated. Given the non linear nature of the application models it is not easy to 'guess' what these seasonal scale forecasts levels might have to achieve to reach their skill targets.

A first step or giant leap? The authors believe this brief review shows that the application groups have made a very credible and scientifically sound first step with a number of results showing real potential for the use of probabilistic seasonal scale forecasts. The giant step is still mid-stride but through DEMETER the two communities now have a much better understanding of each other's needs, skills and limitations and it is this spirit of cooperation that we shall go forward into the forthcoming EU ENSEMBLES probabilistic forecasting project.

Favored regimes in case of warm events (20% sup, T850, SCWF) . The upper quintile events for the 850hPa temperature for each grid point and the corresponding cluster type. This shows a distinct regional pattern for the different cluster types and thus the potential to forecast forthcoming seasonal cluster and thus near surface temperatures.

  DEMETER: A first step or giant leap in the use of a seasonal ensemble prediction system for application users? A.P. Morse, Pierre Cantelaube, Francisco J Doblas-Reyes, Jean-Michel Terres, Renate Hagedorn, Tim N. Palmer, Madeleine C. Thomson, M.B. Hoshen,

Figure 1 .

 1 Figure 1. Prevalence from the Malaria Transmission Simulation Model as a box-whisker plot for the four grid points for Feb 4-6 (MJJ) forecast window, showing the ERA value (hollow diamond) and ensemble mean (solid circle) where the range of the box is the middle tercile and the upper and lower whiskers the upper and lower terciles of the ensemble distribution respectively.

Figure 2 .

 2 Figure 2. Box (interquartile range) and whiskers (10th and 90th percentiles) distributions of predicted water-limited wheat yields (kg ha-1 ) simulated using downscaled multi-model ensemble DEMETER hindcasts for the years 1977-1987 in a location near Modena, Italy. Ensembles of 72 runs of WOFOST based crop growth model were performed using four global models and two downscaling replicates for each member. The crop model was provided with observed weather data up to the 31st of March and supplemented with DEMETER downscaled hindcasts up to harvest date (typically end of June in Northern Italy). Wheat yields simulated with observed weather data, solid triangle, and median yields simulated with climatology, hollow circle are provided for comparison.

  Figure3. The upper quintile events for the 850hPa temperature for each grid point and the corresponding cluster type. This shows a distinct regional pattern for the different cluster types and thus the potential to forecast forthcoming seasonal cluster and thus near surface temperatures.

  Both groups have made comparisons with actual wheat yields. The DEMETER ensemble members were downscaled from global model resolution using a singular value decomposition analysis technique

	driven by precipitation,
	maximum and minimum temperature, global radiation
	and computed evapotranspiration. The current
	methodology used by the DEMETER groups for final
	crop yield prediction is a hybrid model system which
	runs a crop growth model (WOFOST) driven with actual
	meteorological observations to set dates and then uses
	a statistical regression model that can predict the yield
	using the simulated crop growth indicators. The two
	groups were both predicting wheat yields with ARPA
	working in northern Italy and JRC working across
	the EU wheat producing countries. Both groups have
	made probabilistic DEMETER driven crop model yield

predictions and made comparisons of its performance versus the current hybrid methodology. For the northern Italian cases, ARPA have made additional crop model runs based both on the climatology, which would be the non seasonal forecast data alternative for WOFOST, and WOFOST run with the actual full growing season observed weather data; both were used for comparison with the DEMETER based runs.
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