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Software main features
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The aim of the EUMETNET SRNWP-EPS EFI/SOT project is to develop a software that 
implements EFI and SOT indexes in LAM-EPS and explore the behaviour of both indexes 

under different experimental conditions.

Tested with GRIB files 
from six LAM-EPS: 
γSREPS, IT-EPS, 

MFAromeEPS, COMEPS, 
IREPS and MOGREPS.

The software 
is designed 
in Python 3.

The software 
has been 

developed in 
ECMWF 

ATOS HPCF.



Software structure

/EFI_SOT_project

Configuration file.

Doxygen configuration file as well as HTML and LaTeX 
documentation files.

/utils

/config

/doc

/src Libraries and Python scripts to be executed.

Complementary utilities.

/log Standard output and error files from executed scripts.
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Software structure
/src

01_climate_data_extraction.py

02_forecast_data_extraction.py

/scripts

/module

03_y_x_subdomain_coord.py

04_climate_cdf.py

05_forecast_cdf.py

06_EFI.py

07_SOT.py

efi_library.py
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Software structure
/utils

/EFI_SOT_validation

/TAR_GRIB

/water_vapour_flux

/GRIB_filter

/tree_directory

/module_sum

/plot_generator

/extra_orographical_messages

/auto_climatology

These utilities have been designed as 
complementary tools that the user is free to 

make use of. They provide functionalities 
that the user may need to implement before 

or after running the main scripts of the 
software (that is, the ones from /src/scripts 

directory).

All the utilities contain a configuration 
file that the user must edit. 
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Methodology
Most of the methodology followed to calculate EFI/SOT is based on that described by Météo-France in 2018 

Laure Raynaud’s article “Detection of Severe Weather Events in a High-Resolution Ensemble Prediction 
System Using the Extreme Forecast Index (EFI) and Shift of Tails (SOT)”

 Historical LAM-EPS GRIB files are used to construct the EPS-climatology.
 The software has been tested using the GRIB files from the EUMETNET SRNWPEPS database, stored in ECMWF ECFS.
 The lack of a long-term historical LAM-EPS database makes it necessary to implement relaxation techniques in order to
increase the number of data conforming the EPS-climatology.
 Temporal relaxation: definition of a temporal window (around the EFI/SOT calculation date and for the different years
considered) where it is assumed that the meteorological data respond to the same climatology.
 For the EFI/SOT calculation year, the nearest three days are not considered as their data may be correlated to the 
meteorological situation of the EFI/SOT calculation date.
 Spatial relaxation: definition of a neighbouring area (centered at the grid point where EFI/SOT will be calculated) where it is
assumed that the meteorological data contained within respond to the same climatology.

Main similarities with Météo-France methodology
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Methodology
Temporal relaxation Spatial relaxation

In the configuration file the user can specify the radius 
of the circle considered for the spatial relaxation.

The user can activate a group of additional spatial filters:

I.  Land/Sea filter.
II. Orographic filter.
III. Random sampling.

It is possible to define a minimum percentage of
data points so, if in some circular neighbourhood the number
of data points that have survived to a filter is lower than that
percentage, the filter is cancelled in that neighbourhood.
 

Functionalities not developed in Laure Raynaud’s article

Already developed in Laure Raynaud’s article
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EFI/SOT test: Eunice storm
Storm Eunice was an intense extratropical cyclone that affected several countries of NW Europe between 
17th and 19th February 2022. The storm, which produced heavy rainfall and snowfall, set a new record for 

the fastest wind gust recorded in England (196 km/h).

Satellite image of Eunice storm over the
British Islands (18/02/2022)
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EFI/SOT test: Eunice storm

EXPERIMENT SETTINGS

 LAM-EPS: IREPS (Met Eireann)
 Meteorological variables: 24h-AccPcp / 24h-AccSnw
 EFI/SOT forecast day: 18th to 20th February 2022
 EPS-climatology dates: January, February and March 2021-2022
(February 2022 does not include days from 15th to 22nd )
 Radius spatial relaxation circle: 4 (# grid points)
 Random filter: NO
 Land-Sea filter: YES
 Orographical filter: NO
Approximated effective size of EPS-climatology: 153.000 (IREPS)  
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EFI/SOT test: Eunice storm
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24h-AccPcp EFI SOT 
from 18th to 20th 

February 2022

Comparison between 
EUMETNET and 
ECMWF EFI SOT 

products.



EFI/SOT test: Eunice storm
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24h-AccSnw EFI SOT 
from 18th to 20th 

February 2022

Comparison between 
EUMETNET and 
ECMWF EFI SOT 

products.



EFI/SOT test: convective storm event
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During the 20th July 2021 afternoon, several areas in South and South East England experienced intense heavy 
rainfalls (for example, in Kibworth (Leicestershire) 70 mm of precipitation were recorded in just 1 hour) due to a 

convective storm event.

Sea-level pressure analysis valid for 
12UTC 20th July 2021

12h-radar derived rainfall accumulations 
valid up to 00UTC 21st July 2021

Even though high pressures were dominating the UK (with many regions 
presenting hot, dry and sunny weather), a deeply unstable airmass lied 

across SE quadrant of the UK with potential for severe convection. A small-
scale upper trough disrupted into a cut-off vortex across eastern areas.

500 hPa temperature valid for 12UTC 
(left) and 15UTC (right) 20th July 2021



EFI/SOT test: convective storm event

EXPERIMENT SETTINGS

 LAM-EPS: MOGREPS (Met Office)
 Meteorological variables: 24h-AccPcp
 EFI/SOT forecast day: 20th July 2021
 EPS-climatology dates: 1st to 15th July 2020-2021-2022
 Radius spatial relaxation circle: 4 (# grid points)
 Random filter: NO
 Land-Sea filter: YES
 Orographical filter: NO
Approximated effective size of EPS-climatology: 65.600 (MOGREPS)
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EFI/SOT test: convective storm event
24h-AccPcp EFI SOT

From the 20th July 2021 00UTC MOGREPS cycle

The 24h-AccPcp EFI SOT plot does not show any relevant signal in the 
affected area (just little areas of EFI taking values between 0.3 and 0.5). That 
is due to the fact that the heavy precipitation took place in a short period of 

time.

6h, 9h, 12h, 15h and 18h AccPcp EFI SOT
From the 20th July 2021 12UTC MOGREPS cycle

However, when considering the 6h-AccPcp (from the MOGREPS 12UTC cycle) 
we can see that the EFI signal is very intense in the affected area (even with 

positive SOT values). As the accumulated period increases, the EFI SOT 
signal weakens, as expected.
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In May 2023 the EUMETNET LAM-EPS EFI/SOT software was implemented in AEMET-γSREPS.  

Implementation in AEMET-γSREPS

 Once the firsts results proved to be coherent, in June 2023 the product was included in the operative 
γSREPS website as a TEST product.

 At this moment, the γSREPS EFI/SOT product is based on a LAM-EPS climatology that covers two years 
(2021-2022). It was constructed from the γSREPS GRIB files stored in the EUMETNET SRNWP-EPS ECFS 
database.

 This is a fixed monthly climatology: for each month, the LAM-EPS climatology is centered in the 15th day of 
the month and covers a temporal window of 40 days (forward and backward).

Currently, the EFI/SOT 
product is calculated 

for all these variables...

...and for each cycle of γSREPS
(in the website the latest cycle is

displayed, but you can
have access to the previous three).

At this moment, the EFI/SOT
product is computed only for the “IBERIA”

domain (covering the full
Iberian Peninsula)
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Implementation in AEMET-γSREPS

EFI/SOT product is a TEST
product waiting for the feedback of

AEMET forecasters and its behaviour
in a full year period.

For the 03/09/2023 12UTC cycle,
the 12h-AccPcp EFI/SOT product

predicted  the possibility of anomalous
heavy rain in the central regions

of Spain (Madrid, Toledo...) .
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Consistent results based in 
a reduced LAM-EPS

climatology (2021-2022)!!



Implementation in AEMET-γSREPS
Ongoing work being performed to improve the γSREPS EFI/SOT product  

 First of all, an update of the LAM-EPS climatology will be performed: instead of using the one based on 
the period 2021-2022 (γSREPS GRIB files stored in EUMETNET SRNWP-EPS ECFS database) we will use 
the GRIB files stored in the γSREPS ECFS database, which covers the period 2018-2023, that is, the 
period of time in which γSREPS can be considered a stable and consistent LAM-EPS. This climatology 
will be still a monthly fixed one. Now the temporal window has an extension of 30 days. 

 This new γSREPS climatology will be calculated for the three domains of γSREPS: AIB (Iberian 
Peninsula), AIC (Canary Islands) and AIL (Livingston Island, Antarctica).

 However, the final target will be to obtain a mobile γSREPS climatology, that could be updated, for 
example, once per week, trying to resemble the LAM-EPS climatology calculated by the ECMWF (which is 
updated twice a week).

 In addition, we expect to increase the number of meteorological variables to compute the EFI/SOT 
indexes: mean temperature, relative humidity, wind speed at 10, 100 and 200 m, 850hPa temperature, 
water vapour flux, precipitable water, CAPE and CIN.

 The aim is to make the γSREPS EFI/SOT product as similar as posible to the ECMWF IFS EFI/SOT 
product in order to facilitate the comparison between them.
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Implementation in AEMET-γSREPS
As an example, and following the idea exposed in the last point, let’s going to compare the current γSREPS 

EFI/SOT product with the one from ECMWF IFS.  

 This comparison is 100% honest, that is, it has been considered the EFI/SOT products for the day of making this 
presentation (the 5th September 2023); this is not a pre-selected day where comparison is nice. 

24h-AccPcp (Total precipitation) 
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Implementation in AEMET-γSREPS

24h-AccSnw (total snowfall)
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Implementation in AEMET-γSREPS

24h-T2mMax (Maximum temperature)
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Implementation in AEMET-γSREPS

24h-G10m (Maximum wind gust)
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Interesting summer events in Spain

Heat wave
(18/07/2023)

24h-T2mMax (Maximum temperature)
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In the current scenario of 
climate change, what is 

more useful for a weather 
forecaster: an EFI/SOT 

product based in a recent 
years LAM-EPS climatology 
(last 5 years, for example) 

or a larger one (last 30 
years, for instance)??



Interesting summer events in Spain

Heat wave
(18/07/2023)

24h-T2mMax (Maximum temperature)
Figueres (Girona): 45,4 ºC

Porqueres (Girona): 44,3 ºC

El Soleràs (Lleida): 43,5 ºC

Maçanet de Cabrenys (Girona): 43,3 ºC

Lleida: 43,2 ºC

   HISTORICAL RECORD
 IN CATALONIA
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Interesting summer events in Spain

Northern 
winds

(04/08/2023)

24h-T2mMax (Maximum temperature)
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Interesting summer events in Spain

Northern 
winds

(04/08/2023)

24h-T2mMin (Minimum temperature)
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Interesting summer events in Spain

Northern 
winds

(04/08/2023)

24h-G10m (Maximum wind gust)
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Documentation is available at /doc/html directory. 

Software documentation
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The different versions of the EUMETNET 
SRNWP-EPS EFI SOT software are saved in 

the following path in the ECMWF ECFS:
ec:/srnwpeps/ApplicationTasksSo

fwareDelivery/EFIandSOT
and in the new EUMETNET portal at 

FORECASTING → NWP-Cooperation → 
SRNWP-EPS → Documents → 

SRNWPEPS_EFI_SOT_software 

Support on any issue related to the 
software is offered at 

srnwpeps_efi@aemet.es

Many thanks for your attention
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