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ENGLISH ONLY


REVIEW OF THE WORK, FUNCTIONS AND SPECIFIC NEEDS OF THE GLOBAL PRODUCING CENTRES (GPCs)
STATUS / PROGRESS REPORT FOR ECMWF
(Submitted by Laura Ferranti)

Summary and purpose of document

This document reports on the ECMWF operational activities regarding LRF and ERF 
Action Proposed

 The meeting is invited to note the content.
STATUS / PROGRESS REPORT FOR GPC-ECMWF
1.
FORECASTING SYSTEM (seasonal and sub-seasonal range)
1.1
LRF - General description of the seasonal forecasting system 
SEAS5, was introduced 1 November 2017, replacing System 4. SEAS5 includes updated versions of the atmospheric (IFS) and interactive ocean (NEMO) models and adds the interactive sea ice model LIM2. SEAS5 forecasts show substantial improvements in the tropics, in particular for sea-surface temperature in the equatorial Pacific. SEAS5 uses the community ocean model NEMO (Nucleus for European Modelling of the Ocean), with an upgraded model version, ocean physics and resolution.  The resolution has been increased from 1 degree and 42 layers in S4 to 0.25 degrees and 75 layers in SEAS5 (ocean model configuration ORCA025z75). The vertical resolution is particularly high in the uppermost part of the ocean, with an increase in the number of levels in the first 50 metres from 5 to 18. The increase in horizontal resolution improves the representation of sharp fronts and ocean transports. SEAS5 ocean and sea-ice initial conditions are provided by the new ocean analysis and reanalysis ensemble (ORAS5). ORAS5 uses the same ocean model and sea-ice as the coupled forecasts in SEAS5 and is driven by ocean observations from floats, buoys, satellites and ships. It consists of five ensemble members covering the period 1975 to the present. The ensemble provides information on the uncertainty associated with the (re)analysis. Compared to its predecessor ORAS4, which was used for S4, ORAS5 has higher resolution and updated data assimilation and observational datasets. It provides sea-ice initial conditions by assimilating sea-ice concentration. A short article on SEAS5 is available at: https://www.ecmwf.int/sites/default/files/elibrary/2018/17938-newsletter-no-154-winter-201718.pdf. The user guide for SEAS5 is at: https://www.ecmwf.int/sites/default/files/medialibrary/2017-10/System5_guide.pdf. 
Articles describing and assessing SEAS5 are in preparation. 
1.2      LRF - Content of basic forecast outputs [response options in brackets; change or delete as appropriate. For non-compliant elements, please indicate intended date of compliance]
	Issue frequency:
	Monthly  every 8th of the month

	Temporal resolution:
	Monthly averages  and 3-months averages

	Spatial resolution:
	Tco 319 ~36Km  91 vertical levels

	Spatial coverage: 
	Global

	Lead time:
	Up to 7 months

	Output types: 

	Graphical data available at https://www.ecmwf.int/en/forecasts/charts  (a sub-set of products is available to the public, WMO users have access to the full range of graphical products) The products from SEAS5 are also freely available from the Copernicus Climate Change Service (C3S) website. 

 Digital data available for download from MARS to the member States and from ECMWF commercial catalog to commercial users. Digital forecast output is also available from Copernicus Climate data store https://climate.copernicus.eu/climate-data-store for free.

	Verification as per WMO SVSLRF
	Verification is available at: https://www.ecmwf.int/en/forecasts/charts/catalogue/?time=2018050100,0,2018050100&nino_area=NINO3-4&facets=Range,Long%20(Months)    

The verification covers 1981-2016 years; the prediction system used in operations is identical to that used in hindcast mode except for the ensemble size (51 vs 25 members) and initial conditions (operational analysis vs ERA-interim).  The hindact has been made available to the LC-LRFMME for computing and publishing the verification following the SVSLRF standard. 


1.1
ERF - General description of the extended range forecasting system 

System

The extended-range forecasts provide an overview of the forecast for the coming 46 days, focusing mainly on the week-to-week changes in the weather. The configuration of the sub-seasonal range system is the same of the medium range system, in fact, the extended range forecasts are just an extension of the medium range forecasts. Real-time forecasts are initialized from the atmospheric values of ECMWF operational analysis. Re-forecasts are initialized from ERA Interim, except for soil conditions (soil temperature, soil moisture, snow initial conditions) which are provided by an offline soil reanalysis. Oceanic initial conditions are provided by the real-time suite of NEMOVAR (since Nov. 2011). The extended range ensemble has 51 members starting from slightly different initial atmospheric and oceanic conditions, which are designed to represent the uncertainties inherent in the operational analyses. The atmospheric perturbations are the same as for ECMWF medium range ensemble. Documentation available at: www.ecmwf.int/en/forecasts/documentation-and-support/extended-range-forecasts.  

Products
The extended range products are similar to seasonal products but with weekly means (bias corrected). Weekly means anomalies and terciles probabilities maps are provided for a number of regions and a number of parameter (surface temperature, 2-metre temperature, total precipitation and mean sea level pressure). The weekly means are based on the real-time forecast distribution and on the model climate distribution based on 660 members of the re-forecast (11 members x 20 years x 3 forecast runs). Since the Madden-Julian Oscillation (MJO) is a main source of predictability on the sub-seasonal time scale, several MJO forecast products are made available. The Multivariate MJO index (Wheeler and Hendon 2004) displaying the time evolution of the MJO predicted by the ensemble is among them. Tropical storm frequency and tropical storm strike probability (probability of a tropical storm passing within 300km), calculated over weekly periods are also available. The most likely flow pattern, hovmoellers tracing Rossby wave train, maps describing the evolution of the polar vortex and are among other products that are appreciated by users. The range of products on sub-seasonal time scale is growing; recently products for early warning of cold severe spells have been tested and will be implemented shortly.
References:

Vitart,F. 2014: Evolution of ECMWF sub-seasonal forecast skill scores. Quart. J. Roy. Meteor. Soc, 140, 1889-1899.
Vitart, F. (2017), Madden—Julian Oscillation prediction and teleconnections in the S2S database. Q.J.R. Meteorol. Soc, 143: 2210-2220. doi:10.1002/qj.3079
1.2      ERF - Content of basic forecast outputs [response options in brackets; change or delete as appropriate. For non-compliant elements, please indicate intended date of compliance]
	Issue frequency:
	2-twice a week  Monday/Thursday

	Temporal resolution:
	Weekly averages 

	Spatial resolution:
	Tco 639/319 ~18Km/36Km (change of resolution at 15 days) 91L

	Spatial coverage: 
	Global

	Lead time:
	From week1 to week 4  (5-11, 12-18, 19-18, 26-32 Thursday;

1-7, 8-14, 15-21,22-28 Monday)

	Output types: 

	Graphical products, password protected, are available at www.ecmwf.int/en/forecasts/charts/.https://www.ecmwf.int/en/forecasts/charts/catalogue/
Digital data is in the ECMWF archive system available to Member/Coop  States users and in the ECMWF commercial catalog https://www.ecmwf.int/en/forecasts/datasets/catalogue-ecmwf-real-time-products


	Verification as per WMO SVSLRF
	Verification is available at:   

https://www.ecmwf.int/en/forecasts/charts/catalogue/



2.
PRODUCTS [response options in brackets; change or delete as appropriate. For non-compliant elements, please indicate intended date of compliance]
	Variable:
	Probabilities for tercile categories of 2m temperature
	Probabilities for tercile categories of precipitation
	Probabilities for tercile categories of SST (coupled models only)

	Spatial resolution:
	~0.75X0.75 
	
	

	Temporal Resolution:
	[3 months]
	[3 months]
	[3 months]

	Coverage:
	[Global]
	[Global]
	[Global]

	Issue frequency:
	[montly]
	[montly]
	[montly]

	Lead-time
	L0
	y
	y
	y

	
	L1
	                                                                                     y
	y
	y

	
	L2
	y
	y
	y

	
	L3
	y
	y
	y

	
	L4
	y
	y
	y

	
	L4+
	y
	y
	y

	Location of rendered images:
	Graphical products available at: https://www.ecmwf.int/en/forecasts/charts/catalogue/?time=2018050100,0,2018050100&nino_area=NINO3-4&facets=Range,Long%20(Months)   
	[web address]
	[web address]

	Location of digital data (if available):
	Some archived in the main repository of meteorological data at ECMWF but not all
	[web and/or ftp address]
	[web and/or ftp address]

	[For non-compliant elements, please indicate intended date of compliance]
	
	
	


3.
VERIFICATION [response options in brackets; change or delete as appropriate. For non-compliant elements, please indicate intended date of compliance]
3.1
SVSLRF Level 1 scores

	Variable:
	2m temperature
	Precipitation
	SST (coupled models only)
	Niño region indices

	Seasons:
	All 12

	Leads:
	All leads (as for products)


	ROC curves:
	Northern extra-tropics / Southern extra-tropics / Tropics

	N

	ROC area:
	Northern extra-tropics / Southern extra-tropics / Tropics

	N

	Reliability curve:
	Northern extra-tropics / Southern extra-tropics / Tropics

	Y

	Frequency histograms (sharpness)
	                                             N 

	MSSS
	N
	Y

	Location of scores:
	https://www.ecmwf.int/en/forecasts/charts/catalogue/?time=2018050100,0,2018050100&nino_area=NINO3-4&facets=Range,Long%20(Months)   


	Scores’ availability on the LC-SVSLRF web site
	The scores can be computed and published by LC-LRFMME data is available

	[For non-compliant elements, please indicate intended date of compliance]
	
	
	
	


3.2
SVSLRF Level 2 scores

	Variable:
	2m temperature
	Precipitation
	SST (coupled models only)

	Seasons:
	All 12



	Leads:
	[All leads for which forecasts issued]
	[All leads for which forecasts issued]
	[All leads for which forecasts issued]

	ROC maps:
	Y
	Y
	Y

	MSSS maps:
	                 N
	N
	N

	MSSS 1 maps:
	N
	N
	N

	MSSS 2 maps:
	N
	N
	N

	MSSS 3 maps:
	N
	N
	N

	Location:
	[web address]
	[web address]
	[web address]

	[For non-compliant elements, please indicate intended date of compliance]
	
	
	


4.
DISSEMINATION 

Please indicate the availability of your GPC products (freely available / password protected / other) and their location (web site and/or ftp). Graphical products are password protected and are available to WMO users on www.ecmwf.int
Digital products are stored in ECMWF archive system and are available to the Member/Coop states and commercial users. Digital forecast output is freely available from the Copernicus Climate data store https://climate.copernicus.eu/climate-data-store at 1X1degree resolution.
5.
LRF MULTI-MODEL ENSEMBLE
ECMWF is producing EUROSIP multi-model products and contributes to the Copernicus multi-model system. 
6.
ADDITIONAL INFORMATION PROVIDED BY THE GPC

Extreme categories (Lowest/highest 20%)

Additional parameters (MSLP, Z500)

Five products on tropical storms are currently available: tropical storm frequency, Hurricane/Typhoon frequency, Accumulated Cyclone Energy (ACE), tropical storm density anomaly and standardized tropical storm density.
Climagrams showing monthly means forecast distribution for: 

· Area averages of 2m temperature and rainfall anomalies computed over a set of 25 'grid boxes'
· Teleconnections Indices (e.g. SOI, PNA, NAO)

· Monsoon indices

· SST indices (e.g. Indian Ocean Dipole, Trop. Atlantic, NINO1+2).
7.
CAPACITY BUILDING AND TRAINING 
ECMWF runs training courses (2 per year) with special emphasis on the use and interpretation of the ECMWF products from the medium to the seasonal range. The training includes interpretation of verification scores and the use of diagnostics to address model performance.

8.
SPECIFIC NEEDS
9.
FUTURE DEVELOPMENTS

Future plans include testing the impact of model changes and testing the impact of ERA5, CERA‐SAT and ORAS6 on the re‐forecast initialization and verification. The observation uncertainty from these ensemble re‐analyses will be used in the forecast skill score computation. The spread‐skill relationship in sub‐seasonal and seasonal forecasts will be monitored, as well as ocean outputs. New research activities will include assessing the impact of coupled‐data assimilation on sub‐seasonal forecasts and most especially on the representation and prediction of coupled processes such as the Madden‐Julian Oscillation.  An important task for the next 4 years will be the design of the extended range forecasting configurations for a feasible and rational integration of medium range and seasonal ensembles. Several solutions are considered,  from a completely seamless forecasting system from days to seasons, to a separate seasonal suite with slower update cycle and linked to improved cycles or ocean/land surface initialization . The ensemble configuration for extended‐range and seasonal forecasts will also be reviewed (real‐time and re‐forecast frequency, burst versus lag ensemble, ensemble size and resolution.)  Elements that were not included in SEAS5, such as increased vertical resolution, more consistent land initialization, and radiatively active ozone, will continue to be evaluated towards operational implementation of SEAS6. 

10.
USERS OF THE LRF

ECMWF Member and Cooperative States, WMO NMHs, a selection of Commercial customers  
__________________
