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Summary and purpose of document

This document summarises the contribution of ECMWF to the SWFDP. A draft guide to the use of ECMWF ensemble-based products is attached as an annex.
Action Proposed  

The meeting is invited to note the contents of this document including the support provided by ECMWF to the first two SWFDPs, and the attached guide to ECMWF products. The meeting is invited to provide input on expected future requirements from Global Centres for the SWFDP activities to assist ECMWF in planning its policy for longer-term support. The meeting is also invited to note the on-going ECMWF training for WMO Members including the dates for the 2010 Course.
Annex:
- On the operational use of products from the ECMWF Ensemble Prediction System (EPS), Anders Persson, SMHI and Tim Hewson, ECMWF
1. Introduction
The European Centre for Medium-Range Weather Forecasts (ECMWF) is an independent international organisation supported by 31 States. ECMWF’s main goal is to provide medium-range global numerical weather forecasts for the National Meteorological Services of its Member States. 

ECMWF has a co-operation agreement with WMO and actively supports the work of WMO. ECMWF provides a range of services for WMO Members including real-time forecasts. A number of products have been specifically developed in support of severe weather forecasting, including predictions of tropical cyclone tracks. 

Recent enhancements to the service provided to WMO Members include:

· Increase in spatial resolution of forecast data available to download from 2.5° to 0.5° (2009) latitude-longitude grid. The 2.5 degree data is available in GRIB edition 1, whereas the 0.5 degree data is available in GRIB edition 2. The plans are to discontinue the 2.5 degree data set following a transition period when both data sets are available in parallel. 
· Addition of ensemble mean and spread (standard deviation) to available products (March 2010)

More information on the range of services and how to access them is available on the ECMWF web site

http://www.ecmwf.int/about/wmo_nmhs_access/index.html

2. ECMWF support to SWFDP southern Africa
ECMWF supports the WMO Severe Weather Forecast Demonstration Projects (SWFDP). ECMWF is participating in the first SWFDP (in southern Africa) as a global data provider (“global centre”). ECMWF provides a range of products from both the deterministic forecasts and the Ensemble Prediction System (EPS), focusing on early warning for severe weather. These are accessible via the ECMWF web site, on a password-protected page.

ECMWF participated in the planning of the SWFDP through membership of the Regional Technical Implementation Team; and in the training course, presenting lectures and hands-on experience on the use and interpretation of the available ECMWF products. ECMWF attended the planning meeting for the second phase of the project 24-27 February 2009, in Pretoria, and during the meeting was able to agree locations for EPSgrams with delegates from countries joining at this time. ECMWF has recently extended the products available for this SWFDP, adding a range of ocean wave products to its SWFDP web pages.
3. ECMWF contribution to SWFDDP in RA V
ECMWF is participating in the SWFDDP as a Global Centre.

ECMWF provides a range of products from its high-resolution deterministic forecast and its ensemble prediction system (EPS). Products are aimed at providing indication about the risk of severe weather. These are mainly based on the existing product range, plotted on the geographical area of interest for the SWFDDP, and include

· probabilities of precipitation and winds exceeding given thresholds

· probabilities of significant wave height exceeding given thresholds

· extreme forecast index (EFI); identifies locations where the ensemble is substantially far from the model climate, indicating potential severe event

· tropical cyclone tracks and strike probability maps

· site-specific forecasts for surface weather parameters (EPSgrams) for specified locations (up to 10 stations for each participating country)
In addition, a set of wave EPSgrams is provided for a range of locations agreed with the SWFDDP participants.
All products are updated twice a day with forecasts from 00 and 12 UTC; an archive of the previous 7 days will also be provided to assist in evaluation. 

3. Training
ECMWF has prepared a guide to the use of its EPS products for WMO Members. The guide also includes the additional products that are available to the participants of the SWFDPs. A draft copy of the guide is attached. It is currently being finalised to include examples of the ensemble mean and spread plots that will soon be available to all WMO Members. The guide will then be made available to all WMO Members on the ECMWF website. Copies of the draft guide have already been provided to the participants in the 2009 ECMWF training course (see below).

ECMWF runs an annual training course on the Use and Interpretation of ECMWF Forecast Products for forecasters from WMO Member States. The purpose of the course is to train forecasters in the use and understanding of ECMWF products, especially those that may not be familiar, such as the probabilities from the Ensemble Prediction System (EPS), the EPSgrams, Extreme Forecast Index, and tropical cyclone strike probabilities. 
Applicants from WMO Member Countries are not charged course fees for this course. In addition, a limited amount of funding is available (provided by WMO) to support travel and subsistence. In 2009, this funding provided financial support for eight candidates (from Botswana, Mauritius, Mozambique, Samoa, Seychelles, Solomon Islands, Vanuatu, Zambia) who are participants in WMO Severe Weather Demonstration Projects.
The next course will be held at ECMWF from 11-15 October 2010. Requests for financial support should be indicated on the application form. However, it should be noted that due to large demand it is not usually possible to provide assistance to all applicants. Further information, including how to apply, can be found on the ECMWF web site:

http://www.ecmwf.int/newsevents/training/2010/Products/index.html
4. Evaluation
ECMWF welcomes feedback from the SWFDP on the application and usefulness of ECMWF products during the project. We are also interested to hear which products are most often consulted and which are of more specific interest. ECMWF has received some requests for additional data for use in verification of some of its products. Such verification is encouraged, and we will support this as far as possible once we understand exactly what is required (under discussion with the users).
5. Future support
ECMWF is committed to supporting the current SWFDPs and expects to be able to provide similar service to future SWFDPs in other regions. To facilitate the process of supporting future SWFDPs and extensions (and possible follow-on projects) of the current Projects, ECMWF plans to review and develop its policy for such support. A proposal will be developed to be presented to ECMWF Council in June 2010. To assist in this, ECMWF would welcome advice from the Steering Group on relevant issues, including:
· range of forecast products required from Global Centres: which currently provided products are most useful and which have been found to be less regularly used; what extensions to the range of products may be expected in future (including temporal frequency)

·  at present products are provided graphically on the ECMWF web site. Is there any expectation that data (graphical or raw data) may also be required to be transmitted to other (regional) centres

· What is the expectation for continuation of services beyond the end of the specific Demonstration Projects? Is it expected that the current structure will continue long-term as a routine service 

· Evaluation of products. As well as the current evaluation process (including feedback forms for specific events, and periodic reports), what will be the requirements for objective verification? Will data be required from the Global Centres for this verification?

· Are there other types of forecast demonstration projects in development, outside or as extensions to the SWFDP framework, which will also require support from the global centres for the protection of life and property?
On the operational use of products from the ECMWF Ensemble Prediction System (EPS)

Anders Persson, SMHI and Tim Hewson, ECMWF

October 2009
1. Introduction

Weather forecasting has always been about weighing up conflicting information. The ancient farmer noted that the cold wind pointed to possible night frost, but also that clouds increasing from the horizon might prevent this. Naturally a falling temperature will increase the risk of frost, but having the ground soaked in water would decrease it. His final forecast might have told him and his family to believe that on the one hand frost was not very likely, but on the other hand action to protect the crops should anyhow be taken - just in case…

With the advent of modern weather forecasting the indications became quantified in m/s, degrees, percent humidity etc and also covered wider areas. The newly developed telegraph in the 19th century allowed weather information from upwind areas to influence the weather forecast, the first half of the 20th century brought conceptual models to aid the forecaster interpreting the observations and suggest the most likely development 1-2 days ahead.

With the arrival of the computer in the second half of the 20th century the amount of information increased, but the task of weighing it all up, and apportioning different weights to different types of information, remained. The EPS is therefore a logical extension of traditional weather forecasting, whereby one weighs up information from different forecasts to form an opinion about the most likely development and the likelihood of different alternative scenarios.

But the EPS is a relatively new system. There are still unresolved issues and challenges to meet: the perturbation techniques can be further developed, the resolution can be improved, the effects of physical processes involving moisture might demand new approaches etc. For the foreseeable future the forecaster will need to incorporate information from other sources, from observations, from the deterministic models and from their own experience when formulating their forecast.

And what was true in ancient times is as true today: the weather forecast is made to form a basis for decisions. The better the forecasts, the better will be the decisions; and thence the higher will be any gains or the lower will be any losses.

2. The use of the EPS

The EPS can be used at different levels of complexity, from constructing categorical single-value forecasts, through to constructing probabilistic multi-value forecasts, through to providing direct input into elaborate decision making systems. The choice depends much on the tradition, demands and constraints of the particular task at a weather service.

The forecaster at the medium range bench may for example start by studying material from the last 2-3 ECMWF deterministic high resolution forecast runs, in order to establish how far into the forecast there is reasonable consistency between earlier and later runs, and what alternative developments are indicated after that. The EPS material may then be examined in order to determine if any “jumps” seen in the deterministic forecasts can be related to divergence in the EPS ensemble.

Or alternatively the forecaster may start at the opposite end by looking at the EPSgrams for his particular location or locations, and then turn to the geographically broader perspective provided by probability maps (days 1-10) and EFI maps (days 1-5), to put the locally forecast weather into context. They will tell if there is anything of ‘interest’ expected during the period. Finally they can study the deterministic output and see to what degree it reflects the varying scenarios in the EPS.

Whereas in the short range the forecaster’s main problem can be to weigh up numerical guidance alongside more recent observational data, the task in the medium range is to weigh up information from one or several ensemble systems alongside one or several deterministic forecasts (as an aside, note that ensembles are now being developed and tested also for the short range).

3. Interpretation of the ensemble mean
The ensemble mean is obtained by averaging the forecasts from all the ensemble members. This has the effect of filtering out features of the forecast that are less predictable. They might differ in intensity, position or even presence among the members. The averaging retains those features which show agreement among the members. The ensemble mean will therefore display a higher degree of accuracy (for most measures) and also a higher degree of consistency than the deterministic forecasts.

During the initial phase, when the evolution of the perturbations has a strong linear element, the ensemble average is commonly almost identical to the EPS Control because of the symmetric nature of the differences. The averaging technique therefore is more interesting when the evolution of the perturbations are predominantly non-linear.

When the ensemble spread is small it will be possible to follow individual synoptic systems, sometimes even fronts, into the medium range on the mean charts. When the spread is large only the largest atmospheric scales, in the extra-tropics typically the planetary (“Rossby”) waves, remain. On these occasions the mean values, both on maps or on EPSGrams might look physically unrealistic – at least to an educated meteorologist. However, in each geographical location the forecast value from this mean map is likely to be closer to the truth than the forecast value from a single deterministic forecast.

One characteristic of a spatial ensemble mean field that one has to be very wary of is the tendency to regularly see gradients reduce as lead times increase. This occurs because of the averaging of increasingly disparate solutions, and it should definitely not be taken as an indication that gradients will in reality reduce whilst moving through the forecast period. So because bands exhibiting high thermal gradients become less widespread in general as lead time increases it does not mean that fronts are less likely to occur, and similarly because height or pressure gradients become less it does not mean that winds will generally become lighter. In the case of winds information regarding likely strengths should be taken from displays of the probabilities of > 15 m/s or >25 m/s.

4. Interpretation of the ensemble spread

The ensemble spread is a measure of the difference between the members of the ensemble forecast. It indicates how far into the forecast the ensemble mean forecast can carry informative value. Generally, small spread indicates high forecast accuracy, large spread low forecast accuracy of the ensemble mean. This inference regarding likely accuracy does not necessarily apply to the corresponding Control (currently T639, 32 km) or deterministic (currently T1279, 16 km) runs, unless they happen to provide a solution that lies mid-range within the ensemble, and thus themselves look like a more detailed version of the ensemble mean.

However, there is not always a clear relation between spread, quantified by some variance measure, and what is commonly regarded as “synoptic spread”. The latter is better measured by correlation. Two similarly looking forecast maps might display large variance differences if they contain systems with strong gradients that are slightly out of phase. On the other hand, two synoptically rather different forecast maps with weak gradients will display small differences.

a) Small spread: In the short range the spread is normally small. In the medium range small spread is rare and occurs mostly during slow-moving anticyclonic situations.

b) Large spread: Large spread should never be taken as a reason not to issue a forecast, not even when the spread covers the full climatological distribution and the situation is truly unpredictable. A forecast that in practice is no different from a climatological average is always more useful than no forecast at all. If the spread is large, but does not cover the climatological range, it will at least tell what might not happen, which at times might be as important as knowing what is likely to happen. 

c) Extreme spread: On occasions the spread might be larger than the climatological distribution. Whilst at first sight this might seem physically unrealistic this is probably not the case; important and useful information can generally be extracted. For example the likelihood of extremes, at both ends of the spectrum, will be above average in such a scenario. For some users this will mean that taking mitigating action is appropriate - action that would not have been recommended had the forecast been equal to climatology.

d) Varying spread: Although the predictability generally decreases with forecast time, there are many occasions when this is not the case. The weather might be more disturbed and active in the beginning of the ten day period than later. The position and intensity of a deep cyclone developing at D+3 might be more uncertain than the subsequent blocking high on D+6.

e) Conflicting spread indicators: The spread-skill inter-relationship is further complicated by the fact that the spread often varies considerably between one parameter and another. A large spread in the precipitation forecast does not of course imply that the confidence in the temperature forecast is not high. During a high-pressure blocking event there may be large spread in the upper air fields, but small spread in the weather elements such as precipitation and wind, but large spread in clouds and temperature. Conversely, in a zonal regime, with small spread in the upper fields, the differences in the track and timing of a baroclinic wave might yield large spread in the weather parameters, in particular wind and precipitation.

Finally, note that sometimes EPSgrams can show small spread within the ensemble, but a deterministic solution which is close to or beyond the edge of the range. At first sight one might infer from this that the EPS is not fully capturing the true spread, because of resolution limitations; however a more likely explanation is that the different gridpoints of the EPS and deterministic models are having an impact - this effect can be particularly common near to coastlines and around small islands (see for example Fig 2 below). In such circumstances it may be appropriate to give more weight to the deterministic solution.

5. Combining deterministic and probabilistic information

The problem of combining deterministic numerical forecasts with ensemble forecasts has attracted attention over the years, but no agreed approach has been found. Here we provide some guidelines on how the forecaster might address the task of ‘combination’, for different scenarios (numbered).

1. The deterministic and ensemble information agree, with the latter having small spread: this is the “ideal” but rare situation, but the forecaster must still be careful to not over-interpret details in the deterministic forecasts which might still not be predictable.

2. The deterministic and ensemble information broadly agree, the former displays great “jumpiness”, the latter considerable spread: This is a more common situation and the forecaster is advised to follow the mean of the ensemble (whilst noting earlier caveats about gradients), leaving out non-predictable details to be formulated as probabilities. These probabilities should be modified somewhat in light of the deterministic forecast information. In the case that the scenarios represented by the “jumpy” deterministic alternatives are not covered by the EPS, they can be thought of as extra alternatives.

3. The deterministic output is consistent, but the ensemble systems show large spread: If the ensemble mean of the ensemble forecasts agree with the deterministic forecasts, a rather confident deterministic forecast can be issued, although with less detail. Possible high-impact scenarios from the ensemble should be considered depending on their effect on civil activities and their probabilities. 

If the ensemble information is not in line with the deterministic forecasts, the forecaster is in a precarious situation and it is difficult to define any clear rules:

4. The deterministic forecasts have been consistent with one another but differ markedly from the ensemble: For this difficult situation it is not possible to formulate clear guidance. The important thing is not to disregard the deterministic information and it could be treated as, for example, 30-40 additional members.

5. The deterministic forecasts are very inconsistent (“jumpy”) whereas the ensemble has small spread: Clearly the ensemble system in this case has underestimated the high sensitivity of the atmospheric flow to initial conditions. The last 2-3 deterministic forecasts should be regarded as extra members, given a weight equivalent to (for example) 50-60 extra members.

Considering that the numerical resolutions of both systems will increase, the differences in the model characteristics, regarding synoptic scale developments between deterministic and probability information, will tend to slowly diminish. So in cases of forecast differences the deterministic information will, in the combining process, tend to warrant lesser and lesser weight. However for certain aspects of severe weather, such as the handling of local convective outbreaks, and the handling of winds where the topography has a strong influence, this will not necessarily be the case. Indeed we may reach a stage where for certain parameters, at certain times, it becomes appropriate to give the deterministic run more weight than it is given now. Thus ‘combination’ remains a very complex area.

6. Probabilities

If the purpose of the EPS were just to produce reliable categorical forecast and probabilities of normal weather, then perhaps just 15-20 members would have been needed to define a sufficiently reliable ensemble system. The reason why 50 members (or more) are needed is that we want to make good probability forecasts of low risk but high impact weather, such as hurricane force winds and heavy precipitation. Since the political, economical and human consequences of extreme weather can be quite large, assessments of even relatively small risk may by significant.

The ECMWF EPS system with its 50 ensemble members provides probability estimates with a nominal resolution of 2%. If all ensemble members are a priori assumed equally likely, the probability of a weather event is simply the proportion of EPS members forecasting this event. This is all right for ‘normal’ probabilities (between 20 and 80%) but not so clear-cut for very low or very high probabilities.

Due to the limited number of members (50) if no member has the event, the computed risk is not strictly 0%, rather it might be about 2%. Similarly if all the members have the event the probability is strictly not 100%, rather it might be about 98%. This can be understood in different ways, the most simple through an algorithm suggested by the French mathematician Laplace (“Laplace Rule of Succession”).  The ensemble is extended to 52 by the addition of two “bogus” members, one always with, the other always without the event, yielding 2% and 98% as the extremes This can provide a more realistic probability for very low and very high risk scenarios. If 5 members have the event the probability will be 12% (6/52) rather than 10%. “Laplace’s Rule” might provide a realistic correction, though the forecaster must, of course, also always take account of what is climatologically reasonable for the location in question. For example, snow at low levels on tropical islands can reasonably be assigned a probability of 0%!

7. ECMWF products available to WMO member states

7.1. EPSgrams: 

The EPSgrams show the time evolution of the forecast distribution of several weather parameters at specific grid points. For each 6-hourly step, the forecast distributions are created using each of the 50 members of the ECMWF EPS; these are complemented by the single forecasts from the unperturbed EPS Control and the high-resolution deterministic run. The deterministic is currently run on a 25km grid, whilst the EPS (including the control run) is currently on a 50km grid. The data is represented in a box-and whiskers plot showing the median (short horizontal line), the 25th and 75th percentiles (wide vertical box), 10th and 90th percentiles (narrower boxes) and the minimum and maximum values (vertical lines).
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Fig 1. An EPSgram for London, UK. Note that the degree of “blueness” is not related to the most likely cloud amounts (top row).

When an EPSgram is created for a specific location the four surrounding EPS grid points are considered. If there is at least one land point within those four, then the nearest of those land points will be chosen; otherwise, if only sea points are available, the nearest sea point will be chosen. This situation will be noted in the EPSgram title section; if the words “EPS sea point” appear it is a sea point, if this does not appear it is a land point.

The forecast uncertainty, as indicated by the EPS spread, depends on the parameter and is usually largest for cloud cover. Uncertainty commonly increases with the forecast step although there might be cases when it is larger at shorter ranges than at longer.

Fig.2 An EPSgram for Plaisance, Mauritius. At the 50 km EPS resolution this island is a sea point whereas in the 25 km deterministic model it is a land point. Consequently there is a marked daily cycle in the temperature forecast in the operational model, but not in the EPS.
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a) Total cloud cover:  Instantaneous forecast values in oktas (eighths of the sky covered by clouds). When all 50 members have either 0/8 cloudiness (clear skies) or 8/8 cloudiness (overcast) there will be no line or box at all. When the blue columns cover the whole range, which might give a visual impression of “overcast”, the correct interpretation is that the forecast is very uncertain and all cloud amounts are more or less equally likely. Note that layers of high cloud are included in the interpretation of total cloud cover, so a layer of thin cirrus, and no other clouds, could be denoted as a full 8 oktas cover. Public perception of such, when the sun is high in the sky, might be that it was fairly sunny.

b) Total precipitation: Accumulated precipitation (sum of convective and large scale) in millimetres, over six hour periods (0-6UTC, 6-12UTC, etc) is shown. The y-axis range is chosen separately for each meteogram, so that at least 90% of the values are covered. So note therefore that the y-axis scale commonly varies from one location to the next and, for the same location, from one forecast to the next. When the top of the distribution is beyond the scale maximum the largest 6-hourly totals are shown at the top as red numbers. Probabilities for intervals longer than 6h cannot be deduced from the EPS gram (except in dry weather when all members repeatedly show no rain).

c) 10m wind speed: Instantaneous forecast mean wind speed in m/s. The peaks of the whiskers should not be interpreted as wind gusts.

d) 2m temperature: Instantaneous forecast values in degrees Celsius. A temperature correction is applied based on the difference between the designated station height (shown in the title at the top) and the model orography height at the used gridpoint (shown above the temperature graph - this is generally different for the deterministic and EPS/control, due to their differing resolutions). Correction assumes a lapse rate of -6.5 Celsius per 1000 m. This factor is constant, meaning that no account is taken of the fact that in night time radiation conditions low level sites may be colder than sites higher up. Locations along sea borders also often suffer from large systematic errors, in particular with respect to temperature. The reason is that the strong temperature differences between land and sea may not be well resolved at model resolution. Stochastic physics can, on rare occasions, also contribute to climatologically unrealistic temperatures, albeit with very low probabilities since only one or two members might be affected.

Note also that because of its higher resolution the deterministic run is generally more able to generate higher precipitation amounts and higher wind speeds than the EPS/Control runs.

7.2. Wave EPSgrams (currently only available for the South Pacific SWFDP)
The data are based on the resolution of both the EPS wave model (currently about 110 km) and the high resolution deterministic wave model (currently about 40 km).

a) 10 m wind direction (“wind rose”): The directions are divided into eight main directions or octants each covering 45° (N, NE, E, SE etc) e.g. the N-ly octant between 335.5° and 22.5°. From 50 members and four 6-hour forecast steps each day yields altogether 200 directions per day. The radius of an octant is proportional to the probability of that wind direction (i.e. to the proportion of forecasts falling in that octant). The exact probability of each octant is indicated by shading, obtained using a continuous colour scale from light to dark blue. To aid visualization the radius of each wind rose is re-scaled to match the size of the most populated octant.

b) 10m wind speed (m/s): Instantaneous forecast mean wind speed in m/s. Again, the peaks of the whiskers should not be interpreted as likely wind gusts.

Fig 3. A wave EPSgram for a location in the NW Pacific, east of Japan. Increasing winds and waves were forecast for Sunday 19 October, due to the approach of a weakening tropical cyclone (Nepartak).

[image: image4.png]EPS Lagrangian Meteogram
Tropical Cyclone NEPARTAK (23W) starling from 20 N 142.5 E
Deterministic Forecast and EPS Distribution 9 October 2009 12 UTC

Sp e e s e e e s e w

a0

E

E

w

om Wi Speed )

a0

E

E

w

Mo S Leve Prssue inCyctne e (Ps)

020

000

980 . |

FRI  SAT  SUN MON  TUE  WED
B 10 1 12 13 14

OCTOBER 2009



c) Significant wave height: Instantaneous forecast value in metres. The significant wave height is estimated from the zero-moment of the wave frequency (4 times the square root of the wave frequency), hence it is an estimate of the mean of the highest 1/3 of the waves, corresponding with international conventions. 

d) Mean wave direction: The mean wave direction is the mean direction of propagation of the waves, based on a weighted average of the wave spectrum. The directions shown accord with oceanographic convention, meaning that they show the direction towards which waves are propagating: e.g. zero means propagating towards the north. Note that this is opposite to the way in which the wind direction is displayed. The instantaneous distribution is shown for the 12 hour forecast, and every 24 hours after that. The distribution rose for the wave direction is created similarly to the wind direction, see a) above. Furthermore, each octant is coloured based on the distribution of significant wave height associated with each mean wave direction (see colour scale in the upper right corner). The coloured areas in each octant correspond to the fractional number of ensemble members with significant heights in each range specified by the coloured ruler. The radius segment is proportional to this number. The straight red and blue lines are the mean direction for the control and deterministic forecasts.

e) Mean wave period: Instantaneous forecasts in seconds. The mean period presented here corresponds to the mean period derived from the minus-one moment of the frequency wave spectrum; it is also known as the ‘energy period’. The key point for the user is that more weight is given here to the low frequency waves containing swell than to the high frequency waves.

7.3. The Extreme Forecast Index (EFI) 

a) What is EFI? The EFI aims to condense probability information. In particular it measures the degree to which the forecast EPS distribution is anomalous or “unusual” compared to the model climate (M-climate) distribution - for the chosen location, for the chosen time of year and for the chosen lead time. The EFI index is particularly useful in areas where the ECMWF model climate is less realistic, such as in the tropics.

What constitutes “unusual” clearly depends on location and season, so naturally the background M-climate used in computation must take those factors into account. A 30% probability of >20 mm/day would be “unusual” in Egypt, but not in the west of Norway. 

Absence of rain or complete calm may be regarded as “unusual” at some locations, but no account is taken of that in the EFI, i.e. EFI is only shown for the wet and windy extremes for these parameters. However, since low temperatures are of equal interest to high temperatures both these are covered by the EFI.

b) EFI range of values: The EFI can in principal take values between -1, when all EPS members forecast values that are below the minimum seen in the M-climate, and +1, when all forecasts are above the maximum seen in the M-climate. Although giving concrete guidelines regarding the interpretation of specific EFI values is very difficult, experience suggests that 0.5-0.9 can generally be regarded as signifying that “unusual” weather is likely, and values above 0.9 as generally signifying that “very unusual” or extreme weather is likely. Note that the EFI values are not representing probabilities as such (although higher EFI values do of course indicate that an extreme event is more likely than usual).

c) The CDF: The EFI is mathematically derived from cumulative distribution functions (CDFs). These essentially show the rank of an individual realisation on the y-axis, and the value of that realisation on the x-axis. From a cumulative distribution plot it is easy to see the median and any other percentiles, using the rank on the y-axis - e.g. the median can be read off at rank=50%. The EFI relates to the area between two CDF curves, one for the M-Climate, the other for the current [image: image5.png]EPS leteogram
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EPS distribution (see Figure 4). Note also that probability density functions, or “pdf’s”, denote the derivative of the CDF.

Fig. 4: A schematic explanation of the principle behind the Extreme Forecast Index, measured by the area between the Cumulative Distribution Functions (CDFs) of the M-Climate and the 50 EPS members. In this case EFI > 0 (probabilities higher than normal for warmer anomalies). Had the red line been predominantly to the left of the blue line, the EFI would have taken a negative value (probabilities higher than normal for cold anomalies).
d) Interpretation of EFI: High values of EFI will be achieved when many of the members forecast values that are unusual or extreme relative to the M-climate. If a few members happened to forecast very extreme conditions, but the rest showed normal conditions, the EFI would not be that high. It should also be emphasised that in the case of very extreme conditions - that is several members showing values that are a long way beyond the M-Climate range, the EFI would be the same as if those same members only showed a value that was the equal to the M-Climate extreme, emphasising that there is always merit in looking at the absolute forecast values too.

The choice of reference climate - the M-Climate - has been made to take proper account of the limitations of using an imperfect model. It is now based on 18 years of once-per-week reruns of a 5 member ensemble (control plus 4-members), initialised from ERA-interim (ECMWF reanalyses, the higher resolution successor to ERA-40). The 4 members are created in such a way as to have the same general statistical characteristics as the full 50. Reruns from a time window of plus or minus two weeks, that span the date in question, are incorporated to represent the current time of year. So in total the M-Climate consists of 450 realisations (5 members * 18 years * 5 weeks). These reruns always use the most up-to-date model version, which makes direct comparison with an operational EPS forecast - as used for the EFI - that much more meaningful, because model biases will implicitly be the same in the two distributions being compared. Note also that as the M-Climate is a function of lead time model drift is also correctly accounted for.
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Fig.5  The Extreme Forecast Index for precipitation calculated for the ten-day period 8-18 October 2009. Areas that might experience abnormally high precipitation amounts during this period are evidently east Brazil, parts of south and equatorial Africa. To be able to find out more precisely when anomalous precipitation event(s) are likely to take place the forecaster must consult EFI maps for the shorter 1 or 5 day periods.

7.4. Probability maps

Probability maps are available for different parameters, such as precipitation exceeding certain thresholds per 24h, and for wind gusts exceeding certain thresholds at some time within 24 h periods, and for instantaneous mean winds exceeding certain thresholds at specific time. The range of products routinely available to WMO members has been extended somewhat for regions participating in the SWFDP projects. For a long time probabilities for weather parameters were not provided in the tropical band up to ±22° latitude because of systematic model errors, but within the SWFDP plots are now provided that cover the tropics.

Probabilities from adjacent time intervals can’t be added, either from the EPSgrams or from the probability maps. If the probability of an event occurring in one time period is 40% and in the next period 20% the probability for the event occurring at some time within the two time periods together can be anything between 40% and 100% depending the extent to which the weather in the two periods is correlated. The only way to derive the answer would be to consider the double-length period on its own.

The longer the time period over which the probabilities of a pre-defined event occurring are calculated the higher and therefore more confident those probabilities tend to be. For example, the probability that an event will occur some time in a 72 hour long interval spanning days 5-7 will be higher than the individual probabilities of that event occurring on day 5, day 6 or day 7. Similar reasoning would apply if one were to extend the area within which the event was permitted to take place.
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Fig. 6: Probability of precipitation of 10 mm/24h or more during Monday 12 October according to the EPS forecast from DT 00UTC Friday 9 October.
With the exception of rainfall totals and wind gusts, the probabilities provided relate to instantaneous values. The probabilities for extreme wind gusts have been computed as probabilities over 24 hours because it is seen to be more important to know that an extreme wind gust might occur than to know exactly when. Precipitation probabilities refer to time intervals partly because the values themselves are computed as accumulated values over some time interval.

7.5. Tropical Cyclone tracks

a) Cyclone position: Once official reports signify the existence of a tropical cyclone it is automatically tracked, both in the deterministic and the EPS forecasts. The tracking algorithm applied to these model runs is based on using a conceptual mid-tropospheric ‘steering flow’ to obtain first guess positions. The diagnosed position at a given time within a run is then determined by searching for MSLP and 850 hPa vorticity extremes around the first guess position. In some circumstances the thickness maximum, the central mean sea level pressure and the orography are also considered in the evaluation. The positions thus calculated are also represented on the Strike probability charts (see below).

b) Strike probability chart: This is based on the number of EPS members that predict the tropical cyclone, each member having equal weight. The strike probability is defined as the proportion of EPS members that predicts the tropical cyclone will pass within a 120 km radius of a given location at any time during the next 120 hours. In other words, the time dimension is eliminated. This allows a quick assessment of high-risk areas regardless of the exact timing. A 40% probability means that within a circular area of 120 km there are cyclone centres from 20 different members, not necessarily for the same verifying time. Every member is counted only once though.
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Figure 7: The strike probability chart for tropical cyclone Nepartak from the DT 12 UTC 9 October 2009 forecast. Tracks from individual members are shown as blue lines, from the control run in green and from the deterministic model in black. In previous runs around 50% of the ensemble indicated that Nepartak would approach the Philippines; in this run evidently only a handful of members were predicting this outcome.

c) Lagrangian meteogram: This display provides a convenient way to examine the EPS forecasts for a specific tropical cyclone. It contains time series of central pressure, and of the 10m wind speed maximum predicted within a 7x7 degree lat-long box centred on the cyclone and following its motion. Symbols used are similar to those used on the EPSgrams. In a special display the number of EPS members which contain the tropical cyclone is also presented at the top; the other parameters need to be interpreted with this number in mind.

d) Potential tropical cyclones: Both the strike probability charts and the Lagrangian meteograms depend on a specific cyclone having been observed. The system does not yet take genesis into account. Developments are under way to extend the system also to include potential tropical cyclones, i.e. cyclones whose genesis has been forecast but which have not yet come into existence.
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Figure 8: Lagrangian meteogram for tropical cyclone Nepartak form the same EPS forecast as in Figure 7. Only by days 5 and 6 are there any members in which the tropical cyclone was no longer detectable (top panel). Due to its higher horizontal resolution the operational forecast (blue line) has higher wind speeds and a lower central pressure than the EPS system.

