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REVIEW OF THE WORK, FUNCTIONS AND SPECIFIC NEEDS OF THE GLOBAL PRODUCING CENTRES (GPC) FOR LONG-RANGE FORECASTING
STATUS / PROGRESS REPORT FOR GPC Exeter
(Submitted by Richard Graham)

Summary and purpose of document

This document provides information on: the Met Office’s GloSea5 seasonal forecasting system; operational compliance with GPC requirements; additional prediction information provided to members; capacity development activities; future plans.
Action Proposed

The meeting is invited to consider the contents.
Annex(es):
- …….

· …….

Reference(s):
- …….

· …….

STATUS / PROGRESS REPORT FOR GPC Exeter
1.
FORECASTING SYSTEM

1.1
Brief description of the forecasting system specification 
The GloSea5 system: GPC Exeter’s current prediction system, GloSea5, was implemented in June 2013 and is described in MacLachlan et al. (2014). Relative to the previous system, GloSea5 has improved resolution (atmosphere: 0.83°E-W; 0.56° N-S; 85 vertical levels: ocean: 0.25°; 75 vertical levels). GloSea5 shows unprecedented high skill for the DJF North Atlantic Oscillation (r = 0.62) and Arctic Oscillation (r = 0.64). Notable improvements in skill are also found for ENSO and variability in the Western North Pacific Subtropical High – important for prediction of the East Asian monsoon. GloSea5 is configured for both seasonal and subseasonal forecasting. GPC Exeter and GPC Seoul are developing a joint seasonal forecasting system that will become operational in late 2014. The joint system is based on the GloSea5, which will be run operationally at both the UK Met Office the Korea Meteorological Agency (KMA). Major advantages of the joint system will be increased ensemble size and hindcast period.

1.2
Content of basic forecast outputs 

	Issue frequency:
	Monthly, on the 3rd Monday (sent to LC on 13th of the month)

	Temporal resolution:
	Averages/accumulations over 3-month periods

	Spatial resolution:
	0.56° (N-S) x 0.83° (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
	Yes

(a) location : http://www.metoffice.gov.uk/research/climate/seasonal-to-decadal/gpc-outlooks and http://www.bom.gov.au/wmo/lrfvs/
(b) 15-year hindcast? No, the current hindcast is 1996-2009 (14 years)
(c)  Forecast and hindcast from the 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:
	0.56° (N-S) x 0.83° (E-W)
	0.56° (N-S) x 0.83° (E-W)
	0.56° (N-S) x 0.83° (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]
	Hindcast less than 15 years. The number of hindcast years will be increased in 2015 after implementation of the joint Met Office/KMA seasonal forecasting system 


3.
VERIFICATION 
3.1
SVSLRF Level 1 scores

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

	Seasons:
	As for products (nominally 12 3-month seasons)
	As for products (nominally 12 3-month seasons)
	N
	N

	Leads:
	All leads for which forecasts are issued
	All leads for which forecasts are 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
	Global*
	Global*
	N
	N

	Location of scores:
	http://www.metoffice.gov.uk/research/climate/seasonal-to-decadal/gpc-outlooks
* only available at LC-SVSLRF http://www.bom.gov.au/wmo/lrfvs/

	Scores’ availability on the LC-SVSLRF web site
	Subset
	Subset
	-
	-

	[For non-compliant elements, please indicate intended date of compliance]
	Note: Only 4 conventional seasons required for level 1 temperature and precip.
	
	April 2014
	April 2014

Note:

Only ROC and MSSS required for Nino3.4


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)
	As for products (nominally all 12 seasons)

	Leads:
	All leads for which forecasts are issued
	All leads for which forecasts are 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 maps available on LC-SVSLRF site only http://www.bom.gov.au/wmo/lrfvs/


	[For non-compliant elements, please indicate intended date of compliance]
	
	
	April 2014


4.
DISSEMINATION 

Graphical products are freely available at: http://www.metoffice.gov.uk/research/climate/seasonal-to-decadal/gpc-outlooks.  Monthly-mean data products are freely available on request for under agreement of non-commercial use.
A new suite of graphical seasonal forecast products has been developed to visualise seasonal forecasts for the UK. The new products, which have been developed with UK government customers, go beyond the traditional tercile representation. In particular, the bias corrected forecast ensemble spread is compared that of observed climate in both the 1981-2010 period and the most recent 10 years (see links to pdf files at: http://www.metoffice.gov.uk/publicsector/contingency-planners). The presentation format is re-locatable and has been used, experimentally, to generate corresponding graphics for other parts of the world.     

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.  Nino indices and IOD indices are provided to the Australian Bureau of Meteorology’s climate model summary. 
The MOHC is coordinating an informal exchange of real-time multi-annual to decadal forecasts with the aim of assessing and understanding differences and similarities between forecasts, identifying a consensus (multi-model ensemble) view in order to prevent over-confidence in a single model, and establishing current collective capacity. In addition, the informal exchange is a necessary step in developing infra-structure and protocols such that multi­annual to decadal predictions can be incorporated into the Climate Service Information System (CSIS) of the GFCS.  Three exchanges have taken place so far: specifically for forecasts starting nominally on 1st January 2011, 1st January 2012 and 1st January 2013; and a further exchange of forecasts starting 1st January 2014 is underway. For details of the first two exchanges, including a description of forecasts and verification, the reader is referred to Smith et al. 2012. Each exchange consists of up to 9 dynamical climate models and 3 empirical techniques. Both initialized and uninitialized predictions are exchanged so that the impacts of initialization can be assessed. Analysis so far has focused on generating, for each individual model and the multi-model, global maps of forecast near-surface temperature averaged over the first year and subsequent 5 year periods, together with indications of ensemble spread. Forecasts of other variables have also been generated including for Atlantic Multi-decadal Variability (AMV), Pacific Decadal Variability (PDV) and Nino3. The list of variables exchanged has recently been expanded to include precipitation and mean sea level pressure, and will be further expanded this year to include the Atlantic Meridional Overturning Circulation. A website to display all individual contributor forecasts and multi-model products in a standard format is being developed and will be released in March 2014.
6.
ADDITIONAL INFORMATION PROVIDED BY THE GPC

Further additional real-time products currently available include:

· SST “plumes” showing the predicted monthly evolution of Nino3/3.4/4;

· Probability forecasts and SVSLRF verification for outer-quintile categories

· Tailored forecasts, including for specific regions, available at: http://www.metoffice.gov.uk/research/climate/seasonal-to-decadal/long-range/forecasts
· Precipitation prediction for tropical North Africa; East Africa and NE Brazil;

· North Atlantic tropical storm forecasts;

· Arctic sea ice extent;

· Experimental decadal predictions including next 5-year means (global 

· coverage) and real-time verification. 

7.
CAPACITY BUILDING AND TRAINING 

A 2-week seasonal forecast capacity development curriculum has been developed and delivered in collaboration with ICPAC, Nairobi and ACMAD, Niger and the Rwanda Meteorology Agency. The programme includes a week of basic familiarisation with output from dynamical ensemble prediction systems. An interactive spreadsheet tool is used to study ensemble characteristics, measure hindcast skill of GPC systems for the region concerned (using SVSLRF skill measures) and generate regional real-time forecasts. This is followed by a module in which IRI’s Climate Predictability Tool (CPT) is used to carry out advanced statistical post processing of GPC output – to correct for systematic biases in GPC output. See: http://www.metoffice.gov.uk/media/pdf/8/m/Workshop2011.pdf
In collaboration with ICPAC, Nairobi, a new RCM (based on HadGEM3) has been installed at ICPAC and used in a “proof of concept” workshop to examine potential benefits of dynamically downscaled GPC seasonal forecasts to RCC and RCOF products.
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

Coming upgrades to the GloSea5 system include:
· A new dynamical core (known as ENDGame): ENDGame was developed with the specific aims of improving accuracy (by removing almost all explicit numerical diffusion), scalability (by using an iterative timestepping approach to solving the Helmholtz equation) and stability (by using a nested iterative timestep structure).

· Upgrade of physical parametrizations (GC2.0): Some of the main improvements to the physics include:

· Radiation scheme: reduce timestep to 1 hour; improved CO2 and O3 LW absorption; updates to aerosols and albedo climatologies;
· Boundary layer: revised stability functions;
· Large scale precipitation: improved distribution of droplets size distribution and microphysics;
· Convection: Update to formulation of energy distribution and entrainment rate values; smooth adaptive detrainment of humidity and tracers.
· Subseasonal simulations to be reduced to 45 days

· Operational exchange of forecast data with KMA as part of the developing joint seasonal forecasting system (a semi-operational exchange is already in place).
The Met Office is developing an OPeNDAP cloud-based system (ClimateCloud) that will enable external and internal users to view and download climate data based on variable, period, and geographical area. Users may contribute applications to the set of tools available to process and retrieve climate data. Other centres (e.g. IRI) have developed OPeNDAP systems with associated processing tools. If these OPenDAP systems are linked together and steps are taken to include data repositories such as the LC-LRFMME, the combined data sources and processing tools will make a powerful resource for RCCs, NMHSs and RCOFs.

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, respectively.
· Prediction centres/multi-models: LC-LRFMME, EUROSIP, IRI, BoM.
· 3-month outlooks are provided to UK government using information from GloSea5, EUROSIP and the LC-LRFMME as well as other observational and predictive information and expert assessment.
· Seasonal forecasts of Volta reservoir (Ghana) water volume inflow have been provided since 2003 for purposes of hydro-electric power generation management.

· Various other UK government and commercial organisations.
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