
© ECMWF February 2, 2023

ECMWF Products including:
- Precipitation Type, 
- Extreme Forecast Index (EFI) and Shift of       

Tails (SOT)

Becky Hemingway
User Outreach and Engagement

becky.hemingway@ecmwf.int

High latitude Winter Weather course 2023

30 January 2023



October 29, 20142 EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

ECMWF
European Centre for Medium-

Range Weather Forecasts

An independent 

intergovernmental organisation

Established in 1975

With

ï23 Member States

ï12 Co-operating States



October 29, 2014

The operational forecasting system

High resolution forecast (HRES) :

ðtwice per day 9 km 137 levels, to 10 days ahead 

Ensemble forecast (ENS):

ðtwice per day 51 members, 18 km 137 levels, to 15 days ahead

ðMonday/Thursday 00 UTC extended to 1 month ahead (Monthly Forecast, 18/36 km)

Ocean waves: twice per day

ðHRES-WAM: 10 days ahead at 14 km (coupled)

ðENS-WAM: 15 days ahead at 28 km (coupled)

Seasonal forecast: once a month 

ð51-members, ~35 km 91 levels, to 7 months ahead 

ðsub-set of 15 members is run for 13 months every quarter (30 years of hindcasts)
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Implementation of ECMWF new model 

cycles 47r2 and 47r3 
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https://confluence.ecmwf.int/display/FCST/Implementation+of+IFS+Cycle+47r2

https://confluence.ecmwf.int/display/FCST/Implementation+of+IFS+Cycle+47r3

47r3

- Changes to observation usage in the assimilation

- Weak constraint 4DVar for stratosphere in EnsembleDA

- Major revision to improve the physical and numerical basis for moist 

processes in the IFS ïclouds, convection, turbulent mixing, 

microphysics

47r2

- Single Precision ïmodels less 

computationally expensive to run

- Increased model levels from 91 -> 137

- New parameters for humidity, UV, 

Infrared and orography

- More Tropical Cyclone tracks

https://confluence.ecmwf.int/display/FCST/Implementation+of+IFS+Cycle+47r3
https://confluence.ecmwf.int/display/FCST/Implementation+of+IFS+Cycle+47r3
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Precipitation Type

Estimation with ECMWF 
probabilistic products

Estíbaliz Gascón

estibaliz.gascon@ecmwf.int
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ÅDifficulties of accurate forecasting of precipitation type in

winter at ground level, specially mixed (freezing rain).

ÅFreezing rain is particularly hazardous due to its ice-loading

effects on power wires and because it can make travel

extremely dangerous. But also heavy snowfalls.

ÅThe uncertainty of mixed phases forecasting can be

partially reduce using ensemble forecast.

ÅWe also used a technique with precipitation rate variable to

classify dry from precipitating in order to try to enforce a

zero frequency bias for each precipitation types: reduce

misses and false alarms.

7

Why these probabilistic products?
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Instantaneous 

variables 

Å 0-168 h (3-hourly)

Å ~18 km resolution

Å Twice a day: 00 and 12 UTC

3 categories

Å Low intensity (Rmin-0.2 mm/h)

Å Medium intensity (0.2-1 mm/h)

Å High intensity (>1 mm/h)

6 types

Å Rain

Å Sleet

Å Snow

Å Wet snow

Å Freezing rain

Å Ice pellets

6 precip. types x 

3 precip. Rate categories

= 18 categories in total

Methodology
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Colours: most probable precipitation type if 

total precip > 50 %

Grey shading: when the probability of any type of 

precipitation is 10-30% or 30-50%. THE TYPE OF 

PRECIPITATION IS NOT SPECIFIED 

Most probable precipitation type product

Current visualisation on OpenCharts
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Rmin

Probability of precipitation type meteograms
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Å Define Rmin for each ptype.

Å Enforce bias = 1 to make the total frequency of occurrence of each ptype (forecast) over all 

the observation sites, equal the observed frequency of those sites.  

Precipitation 

rate threshold = 

0.05 mm

Categorical 

forecast: 

Bias = (total number of 

events forecast)/(total 

number of events 

observed)

Reducing systematic bias with precipitation rate 

(frequency bias)
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ÅThe verification is developed using 

3-hourly observations of present 

weather from manual SYNOP in 

Europe in 5 months winter periods 

every year.

ÅSYNOP stations with a 150 m 

altitude difference with the closest 

ENS point are removed from the 

verification.

12

Manual SYNOP stations available

Verification
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Verification: ROC curves (winter 2020-2021)
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Verification: ROC curves of probabilities
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Verification: ROC curves for icepellets
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Improvements

Å 47r3 (12th October 2021)

Å Precipitation type diagnosis changed for icepellets and freezing rain

Å Reduction of the general precipitation bias 

Å 48r1 (Q2 2023) possibly

Å Including freezing drizzle in the precipitation type diagnostics
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rain / mix rain-snow / wet snow / snow / ice pellets / freezing rain

Example: Freezing rain case over Newfoundland 2018-01-16

Less noisy ice pellet diagnosis in regions of freezing rain

More consistent diagnosis of ice pellets/freezing rain in 47r3
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Case Study: Snowstorm - December 2021
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Case Study: Snowstorm - December 2021
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Case Study: Snowstorm - December 2021

Aalborg - Denmark

1 December 00UTC

Odense - Denmark
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Case Study: Snowstorm - December 2021

Lund - Sweden

1 December 00UTC

Vaxjo - Sweden
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Case Study: Snowstorm - December 2021

1 December 00UTC
1 December 00UTC
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Case Study: Snowstorm - December 2021
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Case Study: Freezing rain in Slovenia 2014 (Jan-Feb)
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Forecast day 2 Forecast day 1

Case Study: Probabilities, meteogram for Postojna
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Case Study: Most probable precipitation type
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Tips for how to use Precipitation Type

Å Take into account the height of the ENS in your meteogram location (in the title of 

precipitation type meteogram), because the observation height can be very different, 

specially in mountainous areas

Å In the meteogram, the bars are stacked in such a way that the nominally most 

hazardous type (freezing rain in the high intensity category) is shown at the bottom, and 

the least hazardous (low intensity rain) at the top

Å Whenever the lightest shade, of a given colour (except grey) appears on the map, the 

user immediately knows that more than one precipitation type has been predicted at that 

time, which can serve as an initial alarm bell for ñuncertaintyò
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Summary ïPrecipitation Type
Å The most probable precipitation type provides a first guess of the precipitation type while the 

probability of precipitation type analyses all the probabilities in a specific location and  help to 

make better decisions about a particular event

Å Different precipitation rates thresholds have been applied to each precipitation type enforce 

bias=1

Å Both products are very skilful in forecasting rain and snow but it is only moderately skilful for 

freezing rain and sleet and unskilful for icepellets (but with 47r3 that may have improved!)

Å The advantage of use ENS forecast is that it consistently produces a better spread of its (FAR, 

POD) pairs. This provides information for a wider range of FAR scores and thus may be useful for 

users with different levels of false alarm tolerance

Å Further Reading: 
Å Gascón, E., T. Hewson, and T. Haiden, 2018: Improving Predictions of Precipitation Type at the Surface: 

Description and Verification of Two New Products from the ECMWF Ensemble. Wea. Forecasting, 33, 

89ï108

Å ECMWF 2017-2018 winter Newsletter article: ñNew products for precipitation type probabilitiesò
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Extreme Forecast Index
(EFI) and Shift Of Tails 

(SOT)

Ivan Tsonevsky

ivan.tsonevsky@ecmwf.int
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Extreme Forecast Index (EFI)

20 C° (20 members)

30 C° (10 members)

35 C° (15 members)

40 C° (5 members)

20 C° (5 members)

30 C° (25 members)

35 C° (15 members)

40 C° (5 members)

ÅExtreme Forecast Index (EFI) is designed to measure how extreme a given ensemble 

forecast is.

ÅEFI is a measure of the difference between the ensemble forecast distribution and a 

reference distribution - model climate (M-climate). 

ÅEFI delivers model-climate-related information, therefore it can be used as an alarm 

bell for extreme weather situations over any area without defining different space- and 

time-dependent thresholds.

ÅSimple probabilities (e.g. > 32ÁC) will not highlight the differences in the distributions 

below. EFI will, by accounting for the distribution of all the ensemble members
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The Model climate (M-climate)

Å For climate related products like the EFI a reliable model climate is essential.

Å Ideally the model climate (M-Climate) is a large set of ensemble re-forecasts with the 

latest model configuration (used operationally) for a long enough period (e.g. 30 years).

Å The current M-climate:

üRunning an ensemble re-forecast suite with 10 perturbed ensemble members and the Control 

üAlways for the most recent 20 years with initial conditions taken from the ECMWF global 

atmospheric reanalysis ERA5

üRe-forecast runs every Monday and every Thursday. Therefore climate files from the closest 

preceding run are taken.

üModel run for 46 days, post-processed fields as for ENS (data every 6 hours)

üUses the latest model cycle (resolution/ physics / etc.)

üAllows an immediate adaptation of the EFI and other model climate related products to any 

upgrade of ENS
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The Model climate (M-climate)

Å To provide a robust, less noisy M-Climate, we do 

not use just one set of re-forecasts, but all nine 

sets within 5-week period centred on the week in 

question; extended-range ï3 sets in a week.

Å M-climate sample size is: 20 years * 11 ensemble 

members * 9 re-forecast runs = 1980 re-forecast 

fields; extended-range: 20 years * 11 ensemble 

members * 3 re-forecast runs = 660 fields 

Å Large climate size leads to: 

o Decrease of the noise in the tails of the M-

climate distribution and considerable increase 

of the consistency of SOT forecasts;

o Decrease of the jumpiness of the EFI forecast 

due to the seasonal trend.
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Cumulative Distribution Functions (CDFs)

The more vertical the CDF 

the more the ensembles 

members agree
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M-climate extremes
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Some limitations of EFI

Å Extreme does not necessarily mean high impact (e.g. 2mm rain in the desert)

Å Past history also important but not directly accounted for (e.g. heavy rain when ground 

saturated)

Å Windstorm impact can depend on whether trees are in leaf, whether ground is 

saturatedé

Å Products are only as good as the model output, e.g.:

Å Tropical cyclone representation is limited by resolution

Å Threat from intense, very localised convection unlikely to be fully captured
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Shift of Tails (SOT)

Å As EFI does not take direct account for members which are beyond the M-climate, once EFI 

reaches its maximum value of 1 or minimum value of -1, it does not provide further 

information about the magnitude of extremity. 

Å Shift Of Tails (SOT) has been operational since 19 June 2012 to complement EFI by 

providing information about how extreme an extreme event might be.
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Shift of Tails (SOT)

Å SOT compares the tails of both distributions M-climate and ENS.

Å SOT is based on 90th and 99th (upper tail) and 1st and 10th (lower tail for temperature only) percentiles

Å Positive SOT values indicate that at least 10% of the ensemble is forecasting an extreme event; the 

higher the SOT the more extreme that top 10% is. 
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SOT in Open Charts ïdenoted by black/blue contouring
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Shift of Tails (SOT) - Limitations

SOT is not defined when M-climate Qc(90)= Qc(99) (to avoid division by 0). This leads to some noise on 

the plots. To avoid this and to close SOT contours for snowfall, SOT is arbitrarily set to -1 where not 

defined only for plotting purposes. 

EFI & SOT for precipitation M-climate Q99


