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REVIEW OF THE WORK, FUNCTIONS AND SPECIFIC NEEDS OF THE GLOBAL PRODUCING CENTRES (GPCs)
STATUS / PROGRESS REPORT FOR EXETER
(Submitted by Richard Graham)

Summary and purpose of document

This document provides information on: recent upgrades to the Met Office GloSea4 seasonal forecasting system; operational compliance with GPC requirements; additional prediction information provided to members; capacity building activities; future plans.
Action Proposed

The meeting is invited to note the contents
STATUS / PROGRESS REPORT FOR EXETER
1.
FORECASTING SYSTEM

1.1
Description of the forecasting system specification 
The brief specification of the Met Office global seasonal forecasting system (GloSea4) is provided below:

	Atmosphere model and resolution
	HadGEM3-AO (GA.3.0): N96 (~120km), 85 vertical levels (top at 85km)

	Ocean model and resolution
	NEMO (Nucleus for European Modelling of the Ocean): 1°x1° (0.3°x1° over 20°N-20°S), 75 vertical levels (8 levels in top 10m)

	Hindcast period
	1996-2009 (14 years)

	Ensemble members
	Ensemble members are created using a lagged start approach to represent initial condition uncertainty and a stochastic scheme (Stochastic Kinetic Energy Backscatter, SKEB) to represent uncertainty in model formulation. 

Hindcast:

Hindcasts are generated from initial analyses on the 1st, 9th, 17th, and 25th of each month. This allows flexibility in selecting, from these sets, the hindcasts used to calibrate a given forecast. For  forecasts sent to the LC-LRFMME the accompanying hindcasts are initialised on 1st day of each month (the nominal forecast start date) and from the three dates in the preceding month (9th, 17th and 25th).  Thus, for example, a February-July forecast will be accompanied/calibrated by hindcasts initialised on 9th, 17th and 25th January and 1st February.  

3-members are generated from each set of initial conditions, using the SKEB2 scheme (Tennant et al. 2011). Thus there are 12 ensemble members for each year of the hindcast period.

Forecasts:

Forecasts are initialised on a daily basis and thus there is flexibility in nominal start date depending on the set of daily forecasts aggregated. Forecasts supplied to the LC-LRFMME are generated from initial conditions on the 1st day of each month (the nominal start date) and from the preceding 20 days. Two runs, perturbed with the SKEB2 scheme, are run from each set of initial conditions – giving 42 ensemble members. Integration length is 7-months. For example, a February-July ensemble will be aggregated from runs initialised on each day from 12th January to 1st February inclusive, with two members run from each set of initial conditions.
Experimental sub-seasonal forecasts: An additional 2 members are initialised each day and run to 60days to support development of experimental subseasonal predictions. A 28-member ensemble to 60 days is generated by aggregating over the past 7 days.

	Forecast range (seasonal)
	6 months from nominal start date 


More details on the GloSea4 system may be found in Arribas et al., 2011. There have been a number of significant upgrades to the system described in Arribas et al., leading to the specification given above. These upgrades are listed below: 
· November 2010: Upgrade to model physics; increase in the vertical resolution of the atmosphere (L38 to L85) – a key impact is improved ENSO teleconnections to Europe; increase in the vertical resolution of the ocean component (L42 to L75); introduction of sea-ice initialization;
· March 2011: introduction of daily initialization of the forecast suite (previously initialization was at weekly intervals). Daily initialization is required to obtain sufficient spread in the early part of the forecast and to enable sub-seasonal (monthly) prediction.

· November 2011: Further upgrade to model physics including changes to convective triggering, prognostic rain and changes to the fall speed of rain droplets. These upgrades have reduced rainfall biases in tropical regions.
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1.2
Content of basic forecast outputs 

	Issue frequency:
	Monthly, on the second Monday of each month 

	Temporal resolution:
	Averages/accumulations over 3-month periods

	Spatial resolution:
	1.25° (N-S) x 1.875° (E-W)    

	Spatial coverage: 
	Global

	Lead time:
	1-, 2- and 3-month lead times

	Output types: 

	Graphical images at: http://www.metoffice.gov.uk/research/climate/seasonal-to-decadal/gpc-outlooks and www.wmolc.org
Digital data: available by agreement

	Verification as per WMO SVSLRF
	(a) location: http://www.metoffice.gov.uk/research/climate/seasonal-to-decadal/gpc-outlooks and LC-SVSLRF

(b) 15-year-hindcast?: No, the current hindcast is 1996-2009 (14 years)

(c) Forecast and hindcasts from same system?: Yes, apart from the ensemble size the hindcast and forecast systems are identical


2.
PRODUCTS 
	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:
	1.25° (N-S) x 1.875° (E-W)    
	1.25° (N-S) x 1.875° (E-W)    
	1.25° (N-S) x 1.875° (E-W)    

	Temporal Resolution:
	3 months
	3 months
	3 months

	Coverage:
	Global
	Global
	Global

	Issue frequency:
	monthly
	monthly
	monthly

	Lead-time
	L0
	N
	N
	N

	
	L1
	Y
	Y
	Y

	
	L2
	Y
	Y
	Y

	
	L3
	Y
	Y
	Y

	
	L4
	N
	N
	N

	
	L4+
	N
	N
	N

	Location of rendered images:
	http://www.metoffice.gov.uk/research/climate/seasonal-to-decadal/gpc-outlooks

	Location of digital data (if available):
	Available by agreement

	[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:
	As for products (nominally all 12 seasons)
	As for products (nominally all 12 seasons)
	N
	N

	Leads:
	All leads for which forecasts issued
	All leads for which forecasts issued
	N
	N

	ROC curves:
	Northern extratropics, southern extratropics, tropics, other subregions
	Northern extratropics, southern extratropics, tropics, other subregions
	N
	N

	ROC area:
	Northern extratropics, southern extratropics, tropics, other subregions
	Northern extratropics, southern extratropics, tropics, other subregions
	N
	N

	Reliability curve:
	Northern extratropics, southern extratropics, tropics, other subregions
	Northern extratropics, southern extratropics, tropics, other subregions
	N
	N

	Frequency histograms (sharpness)
	Northern extratropics, southern extratropics, tropics, other subregions
	Northern extratropics, southern extratropics, tropics, other subregions
	N
	N

	MSSS
	Northern extratropics, southern extratropics, tropics, other subregions*
	Northern extratropics, southern extratropics, tropics, other subregions*
	N
	N

	Location of scores:
	http://www.metoffice.gov.uk/research/climate/seasonal-to-decadal/gpc-outlooks
*submitted to LC-SVSLRF (March 2012)

	Scores’ availability on the LC-SVSLRF web site
	Subset (note : only 4 conventional seasons required by SVS for level 1)
	Subset
	-
	-

	[For non-compliant elements, please indicate intended date of compliance]
	
	
	Note: other than Nino3.4, regional SST skill is not required at level 1
	June 2012


3.2
SVSLRF Level 2 scores

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

	Seasons:
	As for products (nominally all 12 seasons)
	As for products (nominally all 12 seasons)
	N

	Leads:
	All leads for which forecasts issued
	All leads for which forecasts issued
	N

	ROC maps:
	Y
	Y
	N

	MSSS maps:
	Y
	Y
	N

	MSSS 1 maps:
	Y
	Y
	N

	MSSS 2 maps:
	Y
	Y
	N

	MSSS 3 maps:
	Y
	Y
	N

	Location:
	http://www.metoffice.gov.uk/research/climate/seasonal-to-decadal/gpc-outlooks
Note: MSSS scores available only on LC-SVSLRF site (NB: MSSS scores submitted March 2012 )

	[For non-compliant elements, please indicate intended date of compliance]
	
	
	June 2012


4.
DISSEMINATION 

Graphical products are freely available at: http://www.metoffice.gov.uk/research/climate/seasonal-to-decadal/gpc-outlooks.  Data products are available on request with licensing on a case by case basis.
5.
LRF MULTI-MODEL ENSEMBLE
Data are contributed to the LC-LRFMME multi-model and the EUROSIP multi-model. Nino indices are provided to the International Research Institute for Climate and Society (IRI) for their multi-model ‘plume’ forecasts. 
An informal exchange of real-time decadal predictions has been continued and used to develop experimental multi-model decadal predictions. Twelve prediction centres responded positively to our request for an exchange of data. Real-time (10-yr) predictions commencing 2011 and 2012 have so far been received, with decadal model data from: Met Office Hadley Centre, Swedish Meteorological and Hydrological Institute (SMHI), Meteorological Research Institute,  Japan (MRI) and the Centre for Climate System Research, University of Tokyo, Japan (the MIROC system); Max Plank Institute (MPI), the Rosenstiel School of Marine and Atmospheric Science (RSMAS); Canadian Centre for Climate Modelling and Analysis (CCCMA-EC). A statistical prediction has also been contributed by the US Naval Research Laboratory (NRL). Analysis of forecasts for the 2011 annual mean temperature are encouraging (with marked improvement on equivalent prediction from the ensemble of models used in IPCC’s 4th Assessment Report (AR4)). Multi-model mean predictions of annual mean temperature to 2019 show some notable differences to those from the AR4 ensemble.
6.
ADDITIONAL INFORMATION PROVIDED BY THE GPC

Additional long-range forecast information available on the website includes:

· GloSea4 forecasts for additional variables including: pressure at mean sea level, 500 hPa height, 850 hPa temperature. Presentation of forecasts for various subregions including African RCOF regions is also provided.
Further information is also available at http://www.metoffice.gov.uk/research/climate/seasonal-to-decadal/long-range/forecasts, including:
· Tailored seasonal forecasts are generated for: North Atlantic Tropical Storms; tropical rainy seasons: North East Brazil, East Africa and Tropical North Africa (Sahel, Soudan and Guinea Coast). 

· Forecasts for the global-average annual temperature are provided in December for the following year. 

· Temperature forecasts from the Met Office’s decadal prediction system: including global mean annual temperature for the next 10 years and 5-year mean regional temperature anomalies for the next 5 years.  Comparison of previous forecasts against observations is also provided.
Experimental forecasts for the timing of onset of the West African monsoon and the southern African rainy season and for the onset and cessation of the East African short-rains and long-rains seasons have been provided for trials to relevant regional centres coordinating Regional Climate Outlook Forums (ACMAD, SADC-DMC and ICPAC).
7.
CAPACITY BUILDING AND TRAINING 

Training/capacity building in the interpretation of GPC products and their use to construct regional consensus seasonal outlooks has been provided at all PRESAO, GHACOF and SARCOF meetings held in recent years. Training on the calibration/downscaling of GPC output using statistical techniques such as Principal Component Regression (PCR) and Canonical Correlation Analysis (CCA) has been conducted using IRI’s Climate Predictability Tool (CPT) and hindcasts from GPCs Exeter, ECMWF, Météo-France and Washington (NOAA NCEP CPC). 

In collaboration with ICPAC, a 2-week training workshop on “appreciation and use of dynamical seasonal forecasts for the Greater Horn of Africa and outlook for the JAS season in the northern sector” was held at ICPAC, Nairobi 6-17 June. The workshop had 5 key aims:

1. To take stock of current seasonal forecasting methods used by countries in the region.

2. To strengthen understanding of seasonal climate variability and its predictability and build appreciation of dynamical (i.e. climate-model based) seasonal forecasts of such variability including assessment of their strengths, weaknesses and of optimum ways of using the model information – with a view to increased and more informed use of these relatively new forecast outputs in country and regional-level seasonal outlooks.

3. To generate new knowledge on the performance of the seasonal prediction systems of 4 GPCs for 3 rainy seasons over the Greater Horn of Africa (GHA); March-May, July-September and September-December. The 4 GPC systems investigated were those run by the Met Office, ECMWF, Météo-France and the NOAA NCEP Climate Prediction Centre (CPC).

4. To make recommendations on procedures for integrating dynamical forecast products into seasonal forecasting activities for the region.

5. To prepare a consensus forecast for the GHA for the July-September (JAS) season and to present it to stakeholders at the user forum. This first ever consensus outlook for the JAS season was included in response to a strong stakeholder demand that ICPAC extend prediction services to this season.
There were 15 participants in all, one each from the National Meteorological Services of Sudan, Eritrea, Djibouti, Ethiopia, Uganda, Burundi, Rwanda and Tanzania, 3 from Kenya Meteorological Department and 4 Research Assistants from ICPAC who both participated and assisted the other participants.
A number of novel training materials were developed in advance of the workshop, and were well received. The materials were based on pre-prepared exercises and were delivered using an interactive spreadsheet format developed specifically for the workshop. The spreadsheets contain precipitation hindcasts for 9 regions of the Greater Horn of Africa from 4 seasonal forecasting centres: Met Office, and with kind cooperation: ECMWF, Météo-France and NOAA NCEP CPC. Observed precipitation data from GPCP and NCEP were used for verification. The spreadsheets were accompanied by written exercises for participants to work through. The exercises dealt with the following topics: 

· uncertainties in observed rainfall data for the regions (through comparison of two gridded rainfall datasets);

· properties of the ensemble mean forecast and comparison of the skill of the ensemble mean for the 4 GPCs;

· the concept of ensemble spread;

· calculation of forecast probabilities for quantile categories;

· the concept of hits and false alarms and calculation of the Relative Operating Characteristic (ROC) diagram and ROC scores (area under the ROC curve)

· the concept of reliability in probability forecasting and construction of reliability diagrams.

With some refinement and consolidation the training materials could be used to support the training curriculum developed at the Exeter (2010) ET-ELRF meeting.
In addition to the workshops the Met Office is running a fellowship scheme for African climate scientists. A total of 11 fellows have been appointed and 5 of these are working specifically on seasonal forecast research/applications.
An internal Met Office initiative to train operational NWP forecasting staff in preparation of long-range forecasts for the UK has commenced. The long-term aim is to incorporate long-range forecast production into seamless operational predictions covering short, medium, extended and seasonal ranges.  As part of this initiative, tools to assist use of forecaster judgment in adjustment of direct model output have been developed. New forecast visualisation products have also been developed which place the UK forecast in the context of the long-term and recent climatological record.

8.
SPECIFIC NEEDS
Continued and strengthened support from WMO in emphasizing the need and value of global long-range forecast operations and research to improve systems would be helpful – particularly in the light of increasing demands on GPCs from the developing GFCS. Support with regard to the need for development of applications products and for capacity building would also be helpful to assist leverage of funding sources for these activities.
9.
FUTURE DEVELOPMENTS

An upgrade to the GloSea4 system will take place in summer 2012 and will include:

· physics upgrades

· increase in horizontal resolution to N216 (~60km) from N96; increase in ocean resolution to 0.25° (from 1° ). Experiments indicate key impacts of these upgrades include:

· improvement of the erroneous westward extension of ENSO tropical Pacific SST anomalies (a common error in many climate models). Related improvement of ENSO teleconnections – including to the Indian monsoon.
· Reduction of ocean temperature biases in the North Atlantic gulf stream – leading to reduced atmospheric westerly wind biases and improved North Atlantic blocking. 
· New Ocean data Assimilation scheme: NEMOVAR

A collaborative project is underway that will develop a joint seasonal forecast system with the Korean Meteorological Agency (GPC-Seoul), based on the GloSea system. Plans include shared workload and computing costs and the possibility of an extended hindcast period and increased model resolution.
Sub-seasonal prediction:
A subseasonal (extended-range) prediction capability is being developed and evaluated. A 28-member extended range forecast to range 60-days is generated by aggregating the 4 members initialized each day (2 to 60days and 2 to 7 months) over last 7-days.
10.
USERS OF THE LRF

Users include:
· National Meteorological and Hydrological Services and Regional Organisations, globally. Tailored information is supplied to African Regional Climate Organisations and associated RCOFs : ICPAC, ACMAD, SADC-DMC for the GHACOF, PRESAO and SARCOF meetings.
· Prediction centres/multi-models: LC-LRFMME, EUROSIP, IRI, BoM.
· 3-month outlooks are provided to UK government using information from GloSea4, EUROSIP and the LC-LRFMME as well as other observational and predictive information and expert assessment.
· Various other government and commercial organisations.

__________________
