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Summary and purpose of document

This document reports on an informal international exchange of real-time multi-annual to decadal forecasts hosted by the Met Office Hadley Centre. It recommends that steps should now be taken to make these forecasts available to WMO members, in line with GFCS plans to extend the current provision on seasonal timescales to multi-annual and decadal timescales and beyond. New WMO-designated centres and a coordinating Lead Centre are proposed to realize and regulate this provision. Minimum requirements on participating centres and the Lead Centre are also proposed.

Action Proposed  

The meeting is invited to review the contents, consider the recommended minimum requirements and functions of the proposed centres for multi-annual to decadal prediction and the associated lead centre and make recommendations to CBS and CCl.
Recommendations on operational provision of interannual-to-decadal (near-term climate) predictions
1. The informal exchange hosted by the Met Office Hadley Centre (MOHC)

Many civil and other sectors have planning timescales covering 1-10 years ahead and it is important that the Global Framework for Climate Services (GFCS) develops capabilities and services for prediction on this decadal timescale - though capability at this range is currently less developed than for seasonal forecasting. The growing need for decadal climate predictions has also been recognized by the inclusion of a protocol for historical tests in the latest model inter-comparison project (CMIP5) which has informed the IPCC fifth assessment report.  
The focus of the CMIP5 decadal experiments is historical and aims to assess the expected skill of decadal predictions. However, many of the contributing centres are also making actual decadal climate predictions in near real-time. The MOHC is coordinating an informal exchange of these real-time 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 (see Table 1). 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.
Verification of the real-time forecasts of year-1 near-surface temperature (the only verifiable period so far in the real-time exchange) shows promising skill that substantially exceeds that of the uninitialized predictions. The 2011 year-1 predictions and verification are provided in Fig.1. The observed temperature anomalies are dominated by La Niña conditions in the Pacific (with a tongue of cool temperatures in the tropics and a horseshoe pattern of warm temperatures to the north, west and south), a cool Australia, warm high latitudes and USA and a warm north Atlantic sub-polar gyre and tropical Atlantic. Most of the individual models capture these features well with typical pattern correlations of 0.5, which increases to 0.62 for the multi-model mean. In contrast the multi-model mean of the uninitialized predictions has spatial correlation skill of 0.31, showing a substantial benefit from initialization.  Some impact from initialization is retained out to 4 years ahead (not shown) and there are also signs of prediction skill present for the frequency of societally important climate extremes such as daily temperatures and hurricane numbers (Eade et al 2012, Smith et al 2010). 
These results, together with assessments of long-term individual model skill using retrospective forecasts (Smith et al 2007,2010, Pohlmann et al 2009, 2013, Chikamoto et al 2012; Hazeleger et al 2013, Doblas-Reyes et al 2013, Knight et al 2014, Meehl et al 2014), represent good evidence that the forecasts, accompanied by information on track-record performance, can be of benefit to WMO members. Figure 2 from Smith et al. (2010) shows widespread long-term skill for the 1-5 year period calculated from retrospective forecasts. We therefore recommend that the forecasts are made widely and routinely available through WMO CBS procedures and protocol. This would include WMO designation of centres willing to commit to a continued exchange defined by a minimum set of products and service criteria. We also recommend that a Lead Centre for coordinating the exchange and displaying individual and multi-model forecasts is designated. The Met Office has developed the capacity for this Lead Centre role and offers to continue coordination of the existing decadal exchange under these more formalized arrangements. Establishment of an operational multi-annual to decadal prediction capability will be a significant contribution to the CSIS of the GFCS. In the next section we propose minimum requirements for the designated centres and Lead Centre.
2. Proposed minimum requirements for near-term climate prediction centres and associated lead centre
It is evident from Table 1 that only one of the contributing centres (Met Office, Exeter) is also a WMO-designated Global Producing Centre for long-range forecasts (GPC).  Thus an optional extension of the GPC minimum requirements to include near-term climate prediction does not seem the best way forward. A possible alternative approach is to define GPC areas of specialization, for example GPC(subseasonal); GPC(seasonal); GPC(near-term climate). A centre may then apply for GPC designation in one or more of these areas of responsibility. In the following sections we propose designation criteria and minimum product requirements for GPCs with specialization in near-term climate prediction. We also propose similar criteria for an associated Lead Centre. A staged implementation is envisaged beginning with ensemble mean real-time forecasts and verification and developing within 2 years of designation to include full hindcast exchange, probabilistic forecast products and hindcast verification. Designated centres would need to be prepared to participate in Stage 1 and Stage 2.  The second stage of the implementation could also consider additional products such as forecasts of indices, particularly where these show good skill (e.g. Atlantic Multi-decadal Variability).
It is a question of discussion for the ET-OPSLS whether centres using empirical methodology would be eligible apply for GPC status. They may not be able to supply all the global fields listed below. However, there are precedents for making exceptions if the input increases the value of the proposed annual consensus statement (see section 2.2). For example in the seasonal forecast exchange GPCs operating 2-tier systems are exempt from supplying SST forecasts.

2.1 GPCs with specialization in near-term climate prediction (NTCP)
Stage 2 activities are marked with an asterisk.

Designation criteria

Global Producing Centres (GPCs) specialising in near-term climate prediction shall:

· Prepare, with at least annual frequency, global forecast fields of parameters relevant to multi-annual to decadal prediction
· Make available on the WMO Information System (WIS) a range of these products. The proposed minimum list to be made available is below. 
· Provide an agreed set of forecast and hindcast* variables to the associated Lead Centre

· Prepare verification statistics as defined below.
· Make available on a website up-to-date information on the characteristics of its global decadal prediction system. 
Minimum forecast products
1. Global maps of ensemble mean anomalies with indications of ensemble spread for the following variables averaged over at least year 1 and years 1-5 of the forecast:

· near-surface air temperature;
· precipitation;

· sea level pressure.
2. *Global maps of probability for tercile categories (or other events) for the following variables for the following variables averaged over at least year 1 and years 1-5 of the forecast:
· near-surface air temperature;

· precipitation;

· sea level pressure
3. Ensemble mean annual global mean near-surface temperature and indications of ensemble spread, for every year of the forecast.
Verification 
Hindcast*:
Scores should be calculated on at least 15 retrospective forecasts.  The verification products that should be made available for near-surface temperature, precipitation and sea level pressure are:
· global maps of grid-point temporal correlation of the ensemble mean

· global maps of Relative Operating Characteristic (ROC) scores for specified categories

· Reliability and sharpness diagrams for specified categories for the agreed geographical regions.
Real-time:
· Side-by-side global maps of ensemble mean predicted and observed anomalies for temperature, precipitation and sea level pressure for at least year 1 and years 1-5. Regions where the observations lie outside the 5-95% model range will be highlighted with stippling;
· Spatial pattern correlation coefficients between observations and ensemble mean forecasts for global fields of temperature, precipitation and sea level pressure
· Observed annual mean global temperature over plotted on previous forecasts.

2.2 Lead Centre for Near-Term CLimate Prediction (LC-NTCP)
Centres designated as Lead Centre for Near-Term Climate Prediction (NTCP) shall:

· Collect an agreed set of hindcast* and forecast data from Global Producing Centres specializing in NTCP;

· Make available on a web site agreed lead centre (LC) products in standard format, including multi-model products
· Generate verification (as above*) for individual GPC forecasts and the multi-model and display in standard format;

· Redistribute digital hindcast* and forecast data for those GPCs that allow it;

· Maintain an archive of the real-time GPC and MME forecasts;

· Promote research and experience in NTCP techniques and provide guidance and support on NTCP to GPCs, RCCs and NMHSs;

· Based on comparison among different models, provide feedback to GPCs about model performance;
· coordinate an annual consensus prediction product giving global prospects for the next 1-5 years.
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Table 1: Summary of participating centres, prediction system resolution and forecasts exchanged. (from Smith et al. 2012)
	Name
	Institute
	Method
D: Dynamical

E: Empirical
	References
	Start month
	Resolution a
Atmosphere (A) Ocean(O)
	Ensemble size

	
	
	
	
	
	
	2011b
	2012b
	Uninitialized

	CCCMA
	Canadian Centre For Climate Modelling and Analysis 
	D: Full field initialization
	Merryfield et al 2012,  Fyfe et al 2012, Boer et al 2012
	Jan
	A: 2.8x2.8 L35

O: 0.94x1.4 L40
	10
	10
	10

	GFDL
	Geophysical Fluid Dynamics Laboratory, USA
	D: Full field initialization
	Zhang and Rosati 2012, Zhang et al 2007
	Jan
	A: 2.5x2.0 L24

O:1.0x1.0c L50
	
	10d
	10d

	IC3/KNMI
	Institut Català de Ciències del Clima, Spain and Royal Netherlands Meteorological Institute
	D: Full field initialization
	Hazeleger et al 2010, 2012, Du et al 2012
	Nov
	A: T159 L 62

O: 1x1 c L 42
	10
	10
	3

	MIROC5
	University of Tokyo, National Institute for Environmental Studies, and Japan Agency for Marine-Earth Science and Technology, Japan
	D: Anomaly initialization
	Tatebe et al. 2012, Chikamoto et al 2012
	July, Oct, Jan
	A:1.41x1.41 L40

O:1.41x0.80 L50
	9
	9
	12e

	MOHC
	Met Office Hadley Centre, UK
	D: Anomaly initialization
	Smith et al 2007, 2010
	Sep
	A: 3.75x2.5 L19

O: 1.25x1.25 L20
	10
	10
	10

	MPI
	Max Planck Institute, Germany
	D: Anomaly initialization
	Matei et al. 2012, Müller et al. 2012
	Jan
	A: T63 L47

O: 1.5x1.5 L40
	10
	10
	3

	MRI
	Meteorological Research Institute, Japan
	D: Anomaly initialization
	Yukimoto et al. 2012
	July, Oct, Jan
	A:1.125x1.125 L48

O: 1.0x0.46 L51
	9
	9
	4e

	RSMAS
	Rosenstiel School of Marine and Atmospheric Science, University of Miami, USA
	D: Full field initialization
	Kirtman and Min 2009, Collins et al 2006
	Jan
	A: 2.5x2.5

O: 1x1
	3
	3
	

	SMHI
	Swedish Meteorological and Hydrological Institute
	D: Anomaly initialization
	Hazeleger et al 2010, 2012
	Sep
	A: T159 L 62

O: 1x1 c L 42
	3
	7
	3

	NRL
	Naval Research Laboratory, USA
	E: Multiple linear regression
	Lean and Rind 2008, 2009, Kopp and Lean 2011
	Jan
	A: 5x5
	
	1
	

	Reading (AR1)
	University of Reading, UK
	E: Trend plus auto-regression
	Ho et al 2012
	Jan
	O: 1x1
	1
	1
	

	Reading (CA)
	University of Reading, UK
	E:Trend plus constructed analogue
	Ho et al 2012
	Jan
	O: 1.0x1.0 (Atlantic only)
	1
	1
	


aDegrees longitude x latitude, or spectral (T159≈1.125o), L vertical levels    bThe first calendar year of the forecast     cReducing to 1/3o latitude at the Equator   dOnly ensemble mean data were provided      eEnsemble consists of simulations with RCP2.6, RCP4.5, RCP6.0 and RCP8.5

[image: image1.png](o) coCMA
ccov (b) IC3/KNMI
o ; (c) MIROCS





Figure 1: Forecast and observed temperature anomalies for 2011. (a)-(j) Ensemble mean forecast from each prediction system, showing the first calendar year of forecasts starting between 1st September 2010 and 1st January 2011. Average forecasts ((k) and (l)) are for those systems for which uninitialized projections are available (see Table 1 for further details). The stippling in these indicates where the 5-95% forecast confidence range (diagnosed from the spread of the individual ensemble members) is warmer (red/white) or cooler (blue/black) than the observations. Observations (m) are taken from HadCRUT3 (Brohan et al. 2006). All anomalies are degrees centigrade relative to the average of the period 1971 to 2000. 
From Smith et al. 2012
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Figure 2: a) Temporal correlation skill for forecasts of 1-5 year average (June to November) near-surface temperature from the Met Office decadal prediction system. Skill is calculated from hindcasts started annually over the period 1960 to 2005. Hindcasts are initialised in the November preceding the 1-5 year period start. Stippling is plotted where skill is significant at the 95% level. b) Difference between (a) and corresponding predictions made without initialisation of the ocean-atmosphere state. Stippling is plotted in regions where the difference in correlation skill is significant at the 95% level.

From Smith et al. 2010
