CBS-DPFS/ET-OPSLS /Doc. 6.4, p. 11

	WORLD METEOROLOGICAL ORGANIZATION

COMMISSION FOR BASIC SYSTEMS
OPAG on DPFS

Meeting of the Expert Team on Operational Prediction from 

Sub-seasonal to Longer-time Scales
Beijing, China, 11-15 April 2016

	
	CBS-DPFS/ET-OPSLS /Doc. 6.4
(22.III.2016)

_______

Agenda item : 6.4
ENGLISH ONLY
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(Richard Graham, Doug Smith and Adam Scaife)

Summary and purpose of document

This document responds to the request by CBS for the ET-OPSLS that “the roles and functions for the LC-NTCP be finalized and submitted for consideration (by CBS-16) for further action.” The document gives further consideration to: 

· demonstration of the adequacy of real-time multi-annual to decadal forecasts for operational use;
· harmonization of output from a LC-NTCP with national decadal outlooks prepared by NMHSs;
· How to ensure judicious use of the predictions and enhance user understanding of their limitations.
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 (LC-NTCP) and finalise them for submission to CBS-16.
Recommendations on operational provision of interannual-to-decadal (near-term climate) predictions

1. Background

At the Exeter (2014) meeting of the ET it was noted that CBS-15 had encouraged GPC Exeter to prepare a written submission to CBS and CCl recommending how multi-annual to decadal predictions (hereafter Near Term Climate Predictions, NTCP) might be incorporated into the Climate Services Information System (CSIS) of the GFCS. The request was made in the context of the ongoing informal international exchange and display of real-time decadal predictions hosted by GPC Exeter. GPC Exeter tabled a proposal recommending the establishment of infrastructure similar to that in place for seasonal forecasting: specifically designated centres for generating NTCP and coordinating Lead Centre (LC), each with specific roles and functions. The ET reviewed the submission and noted that there would be challenges in ensuring judicious use of the predictions, in promoting understanding of their limitations and in harmonizing them with national decadal outlooks prepared by NMHSs.  The ET advised on a number of issues that should be considered in revision of the document, including making adherence to a protocol for hindcast generation part of the designation criteria.

At the request of the ET, a summary of the GPC Exeter submission was tabled at CCl-16 (Jul 2014) and the proposal for a LC-NTCP has also been discussed at CBS-Ext 14 (Sep 2014) and Cg-17 (May 2015). To summarise, the Technical Commissions have welcomed the progress and requested the ET continue its task and that the roles and functions for the LC-NTCP be finalized and submitted for consideration by CBS-16 for further action. In doing this, the ET has also been requested to consider the following concerns:

· Demonstration of the adequacy of real-time multi-annual to decadal forecasts for operational use;
· harmonization of output from a LC-NTCP with national decadal outlooks prepared by NMHSs;
· How to ensure judicious use of the predictions and enhance user understanding of their limitations.
In Section 2 of this document we present proposed strategies for addressing these concerns.
At the Exeter (2014) ET meeting it was noted that the growing need for decadal climate predictions had 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.  Since then two further initiatives that support establishment of infrastructure for real time NTCP have started, namely the Decadal Climate Prediction Project (DCPP) and the WCRP Grand Challenge of Near Term Climate Prediction (GC-NTCP). 
The DCPP (Boer et al 2016) is an endorsed component of the 6th Coupled Model Intercomparison Project (Eyring et al., 2015). The DCPP is a coordinated multi-model investigation into decadal climate prediction, predictability and variability, and the underlying physical processes. It consists of three components: A, production of a comprehensive set of decadal hindcasts ; B, ongoing production of real-time decadal forecasts; C, targeted experiments aimed at understanding the physical mechanisms that give rise to predictability. The DCPP will be a major resource to support the WCRP Grand Challenge of Near Term Climate Prediction (GC-NTCP). In particular, a key goal of the GC-NTCP is to produce annually-updated climate outlooks for the coming years based on DCPP real-time forecasts. 

2. The case for operational real-time multi-annual to decadal climate predictions
Assessments of the adequacy of NTCP for operational use
There is good evidence in the literature documenting skill in NTCP: the reader is referred, for example, to Smith et al 2007, 2010, Pohlmann et al 2009, 2013, Chikamoto et al 2012; Eade et al 2012, Hazeleger et al 2013, Doblas-Reyes et al 2013, Robson et al 2013, Hermanson et al 2014, Knight et al 2014 and Meehl et al 2014. Here we present some examples using the Met Office’s decadal prediction system, DePreSys. Since seasonal forecasting is an operational activity we can assess the adequacy of NTCP for operational use by comparing the skill of NTCP with that typical of seasonal forecasts. We also show evidence that understanding of the sources of good predictability for some high-impact phenomena are well advanced - providing a sound physical basis for advice to users.

Predictions of multi-annual averages of temperature and precipitation out to ~5 years ahead typically show levels of prediction skill that are comparable (or better) than those obtained from seasonal predictions (e.g. for 3-month means, typically to 6 months ahead). On this basis, there is a clear case to develop operational infrastructure for multi-annual to decadal forecasts – to allow WMO members full access to and to gain benefit from the forecast information. Evidence that skill is comparable is shown in Fig. 1 which compares correlation skill for forecasts of year 2-5 averages of temperature and precipitation from the DePreSys system (left) with correlation skill for 1-month lead seasonal forecasts (for Dec-Feb) from one of the 12 GPC seasonal systems (right). It is quite clear that skill is at least comparable. For tempeErature, skill for year 2-5 predictions is higher and more widespread than for seasonal prediction (see e.g. northern Asia, North America, Africa and Australia). In part the high DePreSys skill derives from good predictability of regional temperature change associated with the global warming trend. The value of this skilful regional information to users should not be underestimated: moreover, the validation over extensive retrospective forecasts, available for NTCP, is precisely what users need to make use of the forecasts (and what they find lacking from the longer-term climate predictions).  Note that a detrended analysis (not shown) gives skill levels that are still comparable to those found with seasonal prediction, though lower than when the trend is included. Year 2-5 skill for precipitation is also comparable with that for 1-month lead seasonal prediction (Fig. 1, bottom row). Skill varies with geographical region, but this is a challenge faced equally by operational seasonal predictions.
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Figure 1: Correlation skill for: Top row, left: year 2-5 average near surface temperature from the Met Office decadal prediction system (ensemble mean), calculated from hindcasts started annually over the period 1960 to 2005 Right: correlation score for November predictions (ensemble mean) of DJF temperature from one of the WMO GPCs (calculated over 1982-2010?). Bottom row, as top row but for precipitation. Stippling on left-hand plots is plotted where skill is significant at the 95% level.
Sources of regional predictability

Atlantic Multi-decadal Variability (AMV) in sea surface temperature (SST) is well known to be associated with decadal variability in teleconnected regions: for example in Atlantic hurricane frequency (Smith et al 2010), Sahel and Indian monsoon rainfall (Fig. 2a). Figure 2b (Hermanson et al. 2014) demonstrates that such SST variability is predictable. A correlation score of 0.87 is achieved between hindcasts and observations – a score that is equivalent to those seen for the more predictable seasonal modes (e.g. ENSO). Corresponding model responses to important observed and predicted shifts in AMV phase confirm the causality of the relationships of Fig. 2a and also reveal important predictability of decadal regime changes of high interest to socio-economic sectors. Figure 2c shows the response of 5-year Atlantic hurricane numbers to the warming sub-polar gyre in the mid-1990s – note the predicted numbers are the highest in the timeseries (in agreement with the subsequent observations). Figure 2d shows high correlation skill (order 0.5, again comparable with the more skilful seasonal predictions of precipitation) for year 2-5 averages of July-September Sahel rainfall – indicating predictability of multi-year succession of drier and wetter seasons.  

In summary there is strong evidence that predictions of multi-annual/decadal variability have skill levels that are at least similar to those of operational seasonal prediction.  There is a challenge to engage the user community to co-develop best approaches to exploit the skill, but this is a challenge that is also still ongoing (in fact in its infancy – in terms of being addressed) with operational seasonal prediction. As is now the case for seasonal forecasts, operationalisation of NTCP within CBS/CCl protocols, will raise the profile of the potential benefits, ensure prudent delivery, increase availability to NMHSs and RCCs and provide impetus to accelerate development of applications.  
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Figure 2: a) Atlantic decadal SST variability and associated impacts (from Zhang and Delworth, 2006); b) Observations (solid line and shading) and DePreSys hindcasts (diamonds and whiskers) of subpolar gyre 500m ocean temperature (from Hermanson et al. 2014); c) DePreSys hindcasts (coloured lines and squares) and observations (solid and dashed black line) of 5-year numbers of Atlantic hurricanes (note: predicted and observed step-change increase in numbers for 1990-94, corresponding to sub-polar gyre warming); d) correlation skill for year 2-5 July to September rainfall from the latest version of the Met Office system. Predictions are initialised in November of the years 1960-2014: note coherent correlations >0.5 in the Sahel. 

Other considerations

It is recognised that, in making multi-annual to decadal predictions operational, there will be a need for information to be channelled to users through the appropriate national (NMHS) and/or regional (RCC) authorities.  For this reason, operational forecast output from an LC-NTCP would not be freely accessible, but would be provided through password protected website access as is currently the case for seasonal predictions. Following the protocol for seasonal predictions, access would be provided to NMHSs, RCCs and GPCs as well as research organisations that support the operational functions of NMHSs, RCCs and GPCs. The latter access by selected research organisations will be important given the collaborations with WCRP through the Grand Challenge and DCPP.
It is further recognised that many NMHSs and RCCs will not be familiar with NTCP outputs and will need guidance in making use of them in preparation of advice for customers. This need also exists for seasonal products and has led to formation of a Task Team within the ET-OPSLS to develop a technical guidance manual on preparing regional seasonal predictions. We propose that a similar Task Team (or an extension of the existing Task Team) is established that will work with the WCRP Grand Challenge on Near Term Climate Prediction to develop corresponding guidance material. 

3. The informal exchange hosted by the Met Office Hadley Centre (MOHC)

Many centres involved in NTCP research are also making real-time predictions and 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. Five exchanges have taken place so far: specifically for forecasts starting nominally on 1st January 2011-15 Details of the first two exchanges, including a description of forecasts and verification, are provided in Smith et al. 2012. Each exchange consists of up to 9 dynamical climate models and 3 empirical techniques (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 mean, global maps of forecast near-surface temperature averaged over the first year and subsequent 5 year periods. With support from the EU SPECS project the variables exchanged has been expanded to include precipitation, mean sea level pressure, and the Atlantic Meridional Overturning Circulation. A website (http://www.metoffice.gov.uk/research/climate/seasonal-to-decadal/long-range/decadal-multimodel) has also been developed under SPECS to display all individual contributor forecasts and multi-model products in a standard format
As an example of the exchange, the 2011 year-1 predictions and verification are provided in Fig.3. 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.  

The results represent good evidence that the forecasts, accompanied by information on track-record performance, can be of benefit to WMO members. 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. 

· 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.

4. 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 deterministic hindcast verification and developing within 2 years of designation to include full hindcast exchange, probabilistic forecast products and verification. Designated centres would need to be prepared to participate in Stage 1 and Stage 2.  

It is a question of discussion for the ET-OPSLS whether centres using empirical methodology would be eligible to 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.

4.1 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;

· Follow common, agreed protocols in the preparation of forecasts and hindcast sets;
· 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 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 

Scores should be calculated on at least 15 retrospective forecasts.  Consistent with the WMO Standardised Verification System for Long Range Forecasts the verification products that should be made available for near-surface temperature, precipitation and sea level pressure are:
global maps of grid-point Mean Square Skill Score (MSSS) and decomposition, including 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.

4.2 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 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
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Figure 3: 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

