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Summary and purpose of document

This document contains an overview of the status of Long Range Forecasts production in the UK Met Office. 

ACTION PROPOSED

The Meeting is invited to study this document and consider this information when making any necessary appropriate recommendations for the production of long range forecast and verification scores. 
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1. Forecast Production

1.1 The GloSea CGCM

A coupled ocean-atmosphere GCM system (known as GloSea) has been used to produce real-time global seasonal forecasts since March 2003, replacing a two-tier system (AGCM plus persisted SST anomalies) used prior to that date. Comparisons of the GloSea and AGCM systems conducted as part of the EU DEMETER project show substantial skill benefits for GloSea, particularly in the tropics but also in some parts of the extratropics (Graham et al., 2005). The realtime GloSea forecasts run on the ECMWF computing facility as part of a developing European multi-model system. Forecasts are run in a 41-member ensemble from initial conditions valid at 00GMT on the 1st day of each month. The forecast range is 6 months.  GloSea is based on the Met Office climate model HadCM3, brief specifications are provided below.

Atmosphere resolution: The atmospheric component of GloSea is the HadAM3 AGCM which has a horizontal resolution of 2.5° latitude, and 3.75° longitude, with 19 vertical levels.

Ocean resolution: A stretched north-south ocean grid is used in which a grid spacing of 1.25° in both the meridional and zonal directions improves to 0.28° in the meridional direction in the tropics. The number of model vertical levels is 40.

Coastal tiling: GloSea employs a coastal tiling scheme which enables an atmosphere grid box to represent a mix of both land and ocean. The scheme allows the ocean model to have a coastline determined by the ocean grid, rather than by the lower resolution atmosphere grid - thus yielding a much improved resolution of land/sea features.

Ocean Data Assimilation (ODA):  The evolution of the coupled model prediction is strongly dependent on the ocean initial state and an ocean data assimilation scheme is therefore used to obtain the best possible initial state. The scheme is based on the Met Office FOAM system, which uses a form of optimal interpolation with the addition of a novel bias correction scheme to correct for imbalances caused by assimilating accurate subsurface thermal data when the analysis is forced by relatively inaccurate surface wind stresses. This reduces analysis errors in the equatorial Pacific. 

Ensemble perturbations: Perturbations, designed to estimate the uncertainty in observations of wind stresses and SST, are applied to the GloSea ocean component using a two-stage approach. Firstly, wind stress perturbations (selected randomly from a specified perturbation set) are applied during the assimilation phase to produce 5 alternative 3-D ocean states. Secondly, perturbations are applied to the upper ocean of each of the 5 ocean states to derive a total of 40 perturbed (and one unperturbed) ocean states for initialising the forecast ensemble.

1.2 Recent operational implementations and model changes

An upgraded GloSea version (GloSea2) was implemented with the October 2004 forecast. With this upgrade, running of GloSea2 was moved into the ECMWF operational suite, with output parameters and formats adjusted to conform to an agreed multi-model framework. System changes included a minor change to the perturbation strategy, to enable perturbations in hindcast and forecast runs to be constructed in a consistent way (partly as a consequence of this change the ensemble size was increased from 40 to 41). Additionally, the ocean perturbations, initially considered too large, were reduced by adjustment of perturbations in the observed windstress, and by increasing the influence of observations on the analysis. A new set of calibration hindcasts with GloSea2 is currently underway.

2. Availability of digital hindcast and forecast output

Hindcast data from GloSea2 information is available, to registered WMO users, from the developing European seasonal multi-model archive (see www.ecmwt.int/services/archive ). Output from the real-time forecasts is also available, but only after the forecast period has expired. A list of available variables is provided in Tables 1 and 2. 

3. Seasonal forecast products for NMSs and the public

Seasonal forecast products for NMSs, RCCs and public users are available at www.metoffice.gov.uk/research/seasonal . Forecasts provided are for 3-month-mean temperature and precipitation at 1-, 2- and 3-months lead and forecasts of 1-month-mean SST anomaly for the Niño3, Niño3.4 and Niño4 regions to a range of 6-months. The main temperature and precipitation products are for tercile categories and are provided using two formats; a single-map format, indicating which categories have enhanced probability relative to climatology and a 3-map format providing probabilities for each of the three categories. Probability maps for two categories (above/below the climate mean) and ensemble mean anomaly values are also provided. The Niño region SST products show ensemble ‘plumes’ in which forecasts of 1-month-mean SST anomaly, averaged over the Niño regions, are displayed for all 41 ensemble members. Observed SST anomalies prior to forecast initialisation are also displayed and updated retrospectively for forecast verification. All forecasts are expressed relative to model climatologies which are estimated, for each start time and lead time, using hindcasts from the period 1987-2003 (section 4).

Empirical forecast models are used in combination with dynamical ensemble forecasts to generate a number of tropical region rainy season forecast products including: tropical North Africa (June to September season), East Africa (October – December season) and North East Brazil (March to May season). Other empirical products made available include forecasts for European summer temperatures (July-August), and winter time (DJF) NAO index. In addition to seasonal-range products, a forecast of the annual-mean, global-mean temperature for the year head is issued in December, using an empirical model which includes output from GloSea2 as one predictor.

4. Seasonal forecast validation/verification

4.1 DEMETER verification

Extensive validation of the old (GloSea1) system has been performed over a 43-year (1959-2001) hindcast dataset as part of the EU project, DEMETER. Hindcasts were performed in a 9-member ensemble, for 4 start times each year (1st Feb, 1st May, 1st August and 1st November). Results for LRFSVS variables (and many others) are available at www.ecmwf.int/research/demeter/ . Limited comparison of GloSea1 and the currently operational GloSea2 for atmospheric performance indicates similar skill for both model versions.

4.2 Specific verification of operational GloSea2

Full compliance with the LRFSVS has been delayed to wait for new hindcast production following a series of changes to GloSea. With release of GloSea2, there is now sufficient system stability to warrant a full set of hindcast runs and generation of new validation/verification products. 

GloSea2 hindcast datasets, like the operational forecasts, are run from initial conditions on the 1st day of each calendar month. The hindcasts are run in a cut-down (15-member) ensemble, and available for the period 1987 to 2003. A 15-year period 1987-2001 is currently used for verification, however new validation products will use the full available period, 1987-2003. The reduced ensemble size balances available computing resource with the need for sufficient ensemble members to allow effective verification of forecast probabilities for 3-categories (and up to 5 categories, for near-future plans). The ECMWF ERA40 dataset is used for validation of 2m temperature. The GPCP dataset is used for validation of precipitation.

Scores and techniques recommended by the WMO SVS document are used. Currently only limited level 2 (scores in map format) information is provided (ref: Attachment II.9 to the Manual on the GDPS). Level 1 information (scores aggregated over regions) and expanded level 2 information is currently under production. Verification products available now and in production are described below and summarised in Table 2.

Currently available verification products for 2m temperature and precipitation forecasts

All products are level 2 (map format) and for the hindcast period 1987-2001.  

· Gerrity Skill Scores (GSS) for deterministic categorical forecasts. Cases when one category has probability > 40%, and the other two categories have probability < 33.3% are assessed as deterministic forecasts of the most likely category.

· Mean Square Skill Score (MSSS) for the (calibrated) ensemble mean anomaly. Results are provided in the form of a skill mask which ‘blanks out’ regions where MSSS<0.10

· ROC score for two-category (above/below) probability forecasts. Displayed in form of a skill mask which ‘blanks out’ regions with ROC area < 0.6

NB: the skill mask format will likely be replaced by full skill maps in new verification products.

New verification products currently in development for 2m temperature and precipitation terciles:

Hindcast period 1987-2003:

Level 1 (aggregated over regions): 

· ROC curve/area

· Reliability diagram and frequency histograms

· Brier Skill Scores and 3-term decomposition

Level 2 (map format)

· ROC area

· GSS for ‘most likely’ tercile product (updated using the new hindcast period)

both level 1 and level 2 diagnostics will be generated for; 

· tropics, northern and southern extratropics (and other regions)

· 12, 3-month rolling seasons

· 1-, 2- and 3-month leadtimes

Following completion of the above verification products, priority will be given to 

· Display of error bars/skill significance

· MSSS and 3-term decomposition

· Validation for the Niño region indices

· Provision of tabulated (level 3) data

· Verification of real-time forecasts

5. Monthly forecasting 
Met Office monthly forecasts products are currently generated for commercial purposes and are not provided ‘free to air’ on the website, though this is under review. Monthly forecasts are generated using a new coupled ocean-atmosphere, 51-member, monthly-range ensemble forecast system developed and run by ECMWF. The model is run weekly from initial conditions at 00GMT Thursday. A hindcast dataset, with the same start time and valid period as the forecast, is generated ahead of each forecast using a 5-member ensemble. For forecast calibration, the Met Office’s post-processing uses a rolling 12-year hindcast period, ending with the year prior to the forecast year.

Met Office post-processing is performed for mean, maximum and minimum temperature, precipitation and sunshine amount averaged/accumulated over two forecast periods; days 12-18 ahead and days 19-32 ahead. Products include global probability forecasts and more detailed forecasts for the 10 UK climate districts. Global probability products are provided to forecasters in the form of probability maps for tercile categories of temperature and precipitation. 

6. Plans 

Plans for future development include

· Probability forecast products for outer-quintile ‘extremes’ 

· Calibration of probability forecasts according to past performance

· Implementation of multi-model combination techniques and multi-model products

· Further compliance with WMO recommendations on infrastructure and verification.

· Investigation of ocean state land-surface initialization methods, multi-annual and decadal forecasting (as part of the new EU project, ENSEMBLES).

· Testing of the Hadley Centre’s next generation CGCM (HadGEM) for seasonal prediction
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	Global gridded products: available from,

www.ecmwf.int/services/archive
basic properties required
	Status
	Comment

	1-month means/accumulations
	yes
	Event incidence (frequency) information not yet available (but 6hrly values are available).

	3-month means/accumulations
	no
	

	2.5x2.5 grid
	yes
	User selected (default as GloSea, 2.5lat. x 3.75long.)

	Global coverage
	yes
	User selectable regions

	Lead 0-6 months (1m means)
	yes
	

	Lead 0-4 months (3m means)
	no
	

	Monthly frequency
	yes
	


Table 1:  Basic properties of gridded products available (with reference to WMO ETILRF proposal).

NB. ‘Forecast’ products are available only after the forecast period has expired.

	Calibrated products
	Global gridded data products available  at:

www.ecmwf.int/services/archive
(European multi-model archive)

Type A products:

Forecast: ensemble mean (EM) plus 41 members, from 2004 on.

Hindcast: EM and 15 ensemble members, 1987-2003.

No type B (probability) products as yet.
	Graphical products availabe at:

www.metoffice.gov.uk/research/seasonal
Type A and B
	Verification products (currently graphics only)
	Comments

	2m temp. over land
	Yes 
	Global and regional maps: 

· EM (no spread value as yet)

· most likely tercile category

· 2- and 3- cat. (tercile) probs.

NB: 2-category (above/below) format defined relative to climate mean (not median)
	Global and regional maps (level 2):

· MSSS (for EM)

· GSS (for most prob. tercile)

· ROC area (for 2-cat probs).
	MSSS and ROC verification in reduced (skill mask) form.

ROC and reliability products for 3-cat probs are currently in progress

NB: temperature is strictly at 1.5m

	SST
	yes
	Niño regions only
	None
	Verification is available for GloSea1 (version used in DEMETER) 

www.ecmwf.int/research/demeter

	precipitation
	yes
	As 2m temperature
	As 2m temperature
	As 2m temperature

	Z500
	yes
	none
	None
	Verification is available for GloSea1 (version used in DEMETER)

	MSLP
	yes
	none
	None
	As above

	T850
	yes
	none
	None
	As above

	SST Niño regions
	no
	‘Plumes’ showing 41-member evolution of 1-month-mean SST anomaly to 6-months. Niño3, 3.4, 4 
	None
	As above

	Indices (e.g. SOI, NAO)
	no
	None for GloSea2, (statistical NAO forecasts are available)
	None for GloSea2 (realtime verification  for statistical method is available)
	As above 


Table 2: Summary of gridded and graphical forecasts and verification products available from the Met Office seasonal forecast system (GloSea2), with reference to ETILRF and ET LRFSVS requirements. NB. ‘Forecast’ products are available only after the forecast period has expired.
