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Report of the Chairperson of the Expert Team on Extended and Long-range Forecasting (ET-ELRF)

1. Review of developments with CBS and CCl and implications for ET-ELRF


The recent meeting of the ET-ELRF (Geneva, March 2012) reviewed emerging requirements on GPCs and associated Lead Centres (LCs) arising from activities in a number of areas including: progress in implementation of the Climate Service Information System (CSIS) of the Global Framework for Climate Services (GFCS);  accelerated progress in demonstration phases for Regional Climate Centres (RCCs) and developments with Regional Climate Outlook Forums (RCOFs);  the developing Global Seasonal Climate Update (GSCU); the need for capacity building in the use of GPC products; recommendations from the ET on RCCs and lessons from the RCC development phase at ACMAD; and planning for a WWRP/THORPEX/WCRP research initiative on sub-seasonal to seasonal forecasting.  Progress towards meeting these requirements and recommendations, developed by the ET-ELRF, to facilitate further progress are summarised in this report.

1.1 Recommendations arising directly from the review

Because of the growing requirements on GPCs and LCs it is recommended that a joint CBS/CCl workshop between GPCs/LCs and RCCs be organised to facilitate consolidation and prioritisation of requirements. Proposed topics to be addressed include:  review of the data requirements of RCCs and potential revision of the minimum list of variables to be supplied by GPCs; review and possible extension of the skill measures of the core SVSLRF; a Quality Management Framework for GPCs (dealing with, for example, protocol on informing of system changes); production of a standard naming convention for GPC products, to aid discovery on the GISC; development of guidelines for RCCs on the use of GPC products. The chairperson of the ET-ELRF was tasked with scoping the workshop in close coordination with the joint CCl/CBS ET on RCCs and the WMO secretariat.

It is recommended that CBS take note of increasing demands on GPCs and LCs coming from their key roles in the CSIS of the GFCS and ensure that these demands are considered in the GFCS implementation plan (including with regard to data storage and delivery technology). It is recommended that the ET-ELRF consider developing proposals for accessing the Trust Fund for the implementation of the GFCS to assist resourcing needed to respond to increasing demands.
2. Recent progress with and status of the GPCs and associated Lead Centres

2.1 GPCs

There are currently 12 GPCs: Beijing, CPTEC (Brazil), Exeter, Melbourne, Montreal, Moscow, Pretoria, Seoul, Tokyo, Toulouse, Washington and ECMWF. Since the last ICT-DPFS meeting (Tokyo 2010) there have been no new applications for GPC status. The GPCs have been providing minimum variables and some additional variables in a timely manner to the LC-LRFMME for at least 2 years. A paper describing the GPC network, its associated lead centres and its proposed role within the CSIS has been published in 2011 in the journal ‘Climate Research’ under the title ‘Long-range forecasting and the Global Framework for Climate Services’ (Graham et al., 2011). 

There have been substantial developments to predictions systems maintained by several GPCs, providing improved services to WMO members. Developments since 2010 are summarised in Table 1 and include: implementation of a coupled (1-tier) prediction system at GPC Montreal bringing the number of coupled systems in the network to eight; major upgrades to model physics and resolution at GPCs Exeter, ECMWF, Melbourne and Washington; upgraded hindcast datasets - 5 GPCs (Melbourne, Montreal, ECMWF, Washington and Seoul) now have hindcast periods that include the 1981-2010 period, the period recommended by the ET-ELRF (2010) meeting. Formal compliance with GPC designation criteria was also reviewed.  Some GPCs reported temporary non-compliance with regard to some of the verification requirements, mainly because of resource constraints during system development.  GPCs Moscow, GPC Pretoria, GPC Tokyo and GPC Toulouse were congratulated on maintaining full compliance with GPC designation criteria. GPCs that were not currently fully compliant were encouraged to reach or regain full compliance as soon as possible.

2.2 Progress with the Lead Centre for Long-Range Forecast Multi-Model Ensembles (LC-LRFMME):

The LC-LRFMME (operated by KMA and NOAA NCEP) has maintained operational services and its products have seen increasing use by RCCs and RCOFs, as indicated by the 343 registered users from 78 countries as of March 2012 (compared to 123 users from 48 countries in spring 2010).  The LC-LRFMME has made substantial progress in developing new LC-LRFMME products from the GPC forecasts. In particular, probabilistic multi-model ensemble (MME) products for tercile categories have been developed and added, in June 2011, to the LC-LRFMME website (Fig. 1) – complementing the previously available deterministic (ensemble mean) products. Development of the probabilistic MME products has been accelerated to meet the schedule of the developing GSCU. Further developments include: new product formats, facilitating side-by-side display of forecasts from the GPCs (Fig. 2); availability of deterministic multi-model products derived from 2 different model-combining strategies (regular multiple regression and singular value decomposition) in addition to simple composite; and general improvement of the LC-LRFMME website framework. Table 2 summarises GPC and LC-LRFMME products currently available to users via the LCLRFMME website. 

2.3 Progress with the Lead Centre for the Standard Verification System for Long-Range Forecasts (LC-SVSLRF):

The LC-SVSLRF has continued operation of its website, a primary function of which is to display the SVSLRF skill scores supplied by GPCs in a standardised format. New verification data received from GPCs after upgrades to prediction systems has been uploaded as received. Monitoring of access to the LC-SVSLRF web pages indicates that the use of the verification information is at relatively low levels and this suggests that promoting use of the scores is more important than refining the SVSLRF. The most frequently accessed pages are those containing the skill maps (3217 times in 8 months with a peak of 724 in October 2011 coinciding with the onset of La Nina).

3. Future work and recommendations

3.1 Proposed exchange of extended-range forecasts

In response to a request from Cg-XVI, the LC-LRFMME offered to extend its role to include the exchange of extended-range predictions and invited GPCs to provide data from their monthly forecast systems for display and generation of multi-model extended range products along the same lines as for seasonal range products. In order to allow coordination with the WWRP/THORPEX/WCRP research programme on subseasonal to seasonal prediction to inform this exchange, it is recommended that a pilot exchange is first initiated, with GPCs supplying forecasts on a voluntary basis and the LC-LRFMME generating and displaying a range of products. While this pilot exchange is developing, and to accelerate the availability of extended-range products to members, it is recommended that GPCs running extended-range forecasts display an agreed set of products on their individual websites with coordination to achieve uniformity in display formats.  The minimum variables to be exchanged (Annex 1) are based on those of the seasonal exchange with additions to include the MJO diagnostics particularly relevant to the sub-seasonal range. 

TABLE SUMMARIZING THE FORECASTS SYSTEM CONFIGURATION
	GPC name
	Centre
	System Configuration (ensemble size of forecast)
	Resolution (atmosphere)
	Hindcast period used

	Beijing (2005)
	Beijing Climate Centre
	Coupled (48)
	T63/L16
	1983-2004

	CPTEC (2009)
	Centre for Weather Forecasts and Climate Studies
	2-tier (15)
	T62/L28
	1979-2001

	ECMWF (2011)
	European Centre for Medium-range Weather Forecasts
	Coupled (41)

Coupled (51)
	T159/L62

T255/L91
	1981-2005

1981-2010


1.25ºx1.85º/L38/L85
	ashington (2004) Centreum-range Weather Forecacastsnd Forecasting System (ICT-DPFS), which will be held in Paris, from 21 to 25
	1989-2002

1996-2009

	Melbourne (2011)
	Australian Bureau of Meteorology
	Coupled (30)
	T47/L17
	1980-2006
1960-2010

	Montreal (2011)
	Meteorological Service of Canada
	2-tier (40)

Coupled (20)
	T32/T63/T95/2.0°x2.0° (4- model combination)

CanCM3+CanCM4 T63/L31 and T63/L35
	1969-2004
1981-2010

	Moscow (2007)
	Hydromet Centre of Russia
	2-tier (10)
	1.1°x1.4°/L28
	1979-2003

	Pretoria (2007)
	South African Weather Service

	2-tier (6) 
	T42/L19
	1983-2001

	Seoul (1999)
	Korean Meteorological Agency
	2-tier (20)
	T106/L21
	1979-2007
1979-2010

	Tokyo (2010)
	Japan Meteorological Agency
	Coupled (51)
	T95/L40 
	1979-2008

	Toulouse (2008)
	Météo-France
	Coupled (41)
	T63/L91
	1979-2007

	Washington (2004)
	National Centres for Environmental Prediction
	Coupled (40)
	T62/L64
T126/L64
	1981-2004

1981-2010


Table 1: Brief specification of the GPC systems and changes since 2010 (red text) 

	Digital products
	Graphical products

	- Both forecast and hindcast of monthly mean anomalies of the GPC ‘s ensemble mean for lead 1~3), following the month of submissions

(  2m surface temperature

(  Precipitation

(  Mean sea level pressure

(  850hPa temperature

(  500hPa geopotential height
(  Sea surface temperature

NB: digital data only available for GPCs who allow redistribution of their data.


	-  Individual forecast

( plots for each GPC forecast anomalies in 

common graphical format  (Rectangular, 

Time series, Stereographic type, etc.)

( Consistency map

( SST plume (Nino3.4 SST anomalies)

-  Deterministic Multi-model Ensemble

( Simple composite mean(SCM)

( Regular Multiple Regression  

( Singular Value Decomposition(SVD)

- Probabilistic Multi-model Ensemble

   ( tercile-based categorical probabilities 


Table 2: GPC and LC-LRFMME digital data and graphical products.
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Figure. 1: Example LC-LRFMME MME probability forecast for tercile categories of 2m temperature. (White shading indicates equal chances)
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Figure. 2: Example of new ‘side-by-side’ display of GPC products, allowing easy forecast intercomparison.

In light of the above, it is recommended that note is taken of the fact that Appendix II-6 of the Manual on the GDPFS (WMO-No. 485), already includes extended-range products to be exchanged (under item 4.1 on Ensemble Prediction System products).  This entry in the Manual was made prior to the time at which the ET-ELRF included extended-range within its ToR, and in due course will require amending according to experience from the proposed pilot exchange.  

It is recognized that standard procedures for verification of extended range forecasts will be required to support the exchange of forecasts. Although the core skill measures of the SVSLRF may be used for verification of extended range forecasts, other aspects are not readily transferable. For example, the hindcasts sets often do not have ensemble sizes large enough to allow robust probabilities of events of particular interest in the extended range (e.g. extremes) – and thus verification is often best achieved using accumulated real-time forecasts. Thus it is recommended to wait for results from the WWRP/THORPEX/WCRP research project on sub-seasonal to seasonal prediction – which will include verification activities - before finalizing standard verification guidelines for extended-range forecasts.

Noting the success of the SWFDP, particularly the established methodology of ‘cascading forecasts’ and the current implementation in East Africa, it is recommended that a similar demonstration activity be scoped for extended-range forecasts – with scoping coordinated between GPCs, the implementation committee of the WWRP/THORPEX/WRCP subseasonal to seasonal research project and the steering group for the SWFDP.

3.2 Further development of the seasonal-range exchange and verification

The following recommendations are put forward.

Hindcast exchange: Provision of GPC hindcasts to the LC-LRFMME is strongly encouraged, but not mandatory. Currently 10 of the 12 GPCs provide hindcasts and thus probabilistic MME products can only be generated with forecasts from 10 GPCs – this leads to inconsistency between the deterministic MME (by default based on 12 GPCs) and probabilistic MME (based on 10). It was noted that GPCs not providing hindcasts to the LC-LRFMME do provide them on a case by case basis to RCOFs. Acknowledging the importance of enhanced data exchange within the GFCS it is recommended that the WMO secretariat contact the PRs of GPC countries urging all GPCs to participate in the exchange to the LC-LRFMME.

Exchange of forecasts with longer lead time than 1 month: Forecasts displayed on the LC-LRFMME website have so far been limited to a target period of the first 3 months after the month of issue (1-month lead from GPCs). This is the only lead time for which there is a full set of 12 GPC forecasts, since uncoupled systems (of which there are 4 out of the 12) are generally not run to leads greater than 1 month. However there is increasing requirement for longer lead forecasts including from RCOFs in RA II (FOCRAII and SASCOF) which are convened in April for a “target” season of June-August. Lead times longer than 1 month have also been identified as a requirement for the developing GSCU. In this context it is recommended that GPCs (particularly those with coupled systems) are urged to provide their forecast and hindcast data to lead times up to 3 months. Additionally the LC-LRFMME is requested to extend its display of GPC data and its multi-model products to include display of forecasts of greater than 1-month lead time. 

Provision of forecasts for higher order categories (e.g. outer quintiles): It is recommended that GPCs are urged to provide forecasts of outer quintile categories, with accompanying skill information, to RCCs for their use at the regional level and also that RCCs are encouraged to provide feedback to GPCs on the usefulness of these products. Discussion of the formats for such products, and whether they should be included in the minimum requirement for GPCs, is proposed as a topic for the intended workshop between GPCs and RCCs.

Additional variables and indices: It is recommended that the following additional variables be included in the data exchange, for the time being on a non-mandatory basis:  zonal and meridional components of the wind at 850 hPa and 200 hPa (U850, V850, U200, V200). Consideration of other variables and large-scale climate indices to be included in the exchange and revision of the list of minimum variables/indices to be provided by GPCs is recommended as a topic for the proposed workshop between GPCs and RCCs. 

Verification of the LC-LRFMME multi-model products: It is recommended that verification of the LC-LRFMME multi-model products be completed by the LC-LRFMME following the SVSLRF and that the relevant scores and map information are passed to the LC-SVSLRF for display and to the TT-GSCU (to facilitate the pilot phase of the GSCU product).

GPC compliance with verification requirements of the SVSLRF: It had been noted that full compliance and greater standardization of verification might be achieved if the verification process was centralized rather than distributed (as at present, with each GPC generating its own verification information and providing it to the LC-SVSLRF for display).  Because of the potentially large resource implications on one centre of the centralized approach it is recommended that the distributed approach is maintained for the time being and that all GPCs are urged to redouble their efforts to become fully compliant with the SVSLRF requirements (Attachment II-8 of the Manual on the GDPFS).

Real-time verification of LRF: It is envisaged that the developing exchange of forecasts within GFCS will foster a requirement for more information on the real-time verification of forecasts. It is recommended that GPCs develop real-time verification products and make them available on their individual websites and that a link be provided to this information from the LC-SVSLRF website.

3.3 Experimental exchange of multi-annual/decadal forecasts

The WMO Executive Council requested CBS in collaboration with CCl to consider how multi-annual to decadal prediction systems being developed by some GPCs might be brought into the CSIS of the GFCS. In this context GPC Exeter has (at the Exeter 2010 meeting) agreed to continue with an informal exchange of real-time decadal predictions. Real-time predictions to 10-year range, commencing 2011 and 2012 have so far been received from a number of prediction centres. Analysis of forecasts for regional variations in 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, indicating that potentially useful information is derived on these timescales from initialization with the current state of the climate. It is recommended that GPC Exeter continue with the informal exchange and to prepare a written submission to CBS and CCl on results and recommendations on how such multi-annual/decadal predictions might be incorporated into the GFCS/CSIS. 

3.4 Progress with capacity building/training activities and recommendations

The meeting recalled that the ET-ELRF prepared, at its last meeting (Exeter, 2010), an outline for a training curriculum, the main objectives of which include increased understanding of (a) climate and its drivers; (b) climate models; (c) GPC products and services; (d) verification; and (e) communications (to convey the forecast in an efficient way to users). A number of GPCs have made progress in developing training material covering the above aspects. For example, GPCs Exeter, ECMWF, Toulouse and Washington (coordinated by GPC Exeter) have collaborated on developing material on verification training.

GPCs are encouraged to provide guidance material, such as manuals, guides on the use of GPC products including scientific and technical aspects, guides on the skill of their forecasts etc., through their web pages, and to provide the web addresses to the WMO Secretariat, in order to develop a “pool” of training materials. 

4. Review of the terms of reference of the ET-ELRF

It is recommended that the ToRs attached at Annex 2 (revised to make links with other bodies more transparent) are adopted. It is recommended that rationalisation of the workload of the ET-ELRF be considered as the ToRs now include a remit for extended-range, seasonal and longer than seasonal (multi-annual/decadal) timescales and include both prediction and verification activities. Finding sufficient resource to substantially advance international collaboration in all these areas is a significant challenge. 
5. Proposal to make the CBS Expert Team on ELRF a joint CBS/CCl Expert Team  

It is recommended that the CBS ET-ELRF be converted to a joint CBS-CCl ET, whose membership would include two CCl representatives, to facilitate stronger collaboration between the two Technical Commissions. It is recommended that the Terms of Reference retain the existing focus on operational aspects which already reflect a significant thrust on CBS-CCl collaboration. It is recommended that a formal proposal in this regard be made through the presidents of CBS and CCl for approval by the Executive Council as per the applicable WMO regulations.
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Annex 1

SCOPING AN OPERATIONAL EXCHANGE OF ERF

The data exchange, and development of products for the extended-range, is envisioned to key on the operational monthly prediction systems at GPCs.  Table 1 shows the list of proposed products (plots) to be displayed on the individual GPC websites.

Table 1 – List of proposed products (plots) to be displayed on the individual GPC websites

	Products/variables
	Covering periods
	Charts
	Verification scores

	· Accumulated precipitation 

· Average 2m temp


	Weeks 1,2,3,4, 3-4,1-4
	Probabilistic maps 

· terciles 

· outer quintiles (optionally)
	Reliability diagrams / ROC

	MJO

Need:

· OLR

· U850

· U200


	32 days
	· Hendon and Wheeler diagram

· Hovmoller
	Temporal correlation and RMSE

-----

	Velocity Potential
	Weeks 1,2,3,4, 3-4,1-4
	Velocity potential anomaly (Ensemble mean for each period)
	correlation


Proposed data exchange among GPCs for an extended-range prediction pilot is described below.  This lays down some broad guidance and several issues will have to be resolved in near future.  It is recommended that some members of the ET-ELRF attend the technical workshop proposed under the WWRP/WCRP initiative on the “Sub-seasonal and Seasonal Prediction” which would be held to resolve data exchange issues.  Such a meeting will provide a common ground for research and operational efforts in resolving the data exchange issues.

Variables to exchange: The recommendation for minimum variables is SST, T2m, precipitation, u200, v200, u850, OLR.  This list may be augmented following the need to developing specific products.

Frequency of model output to exchange:  Exchange of daily model output is recommended.  Exchange of daily data will provide the freedom to develop products for different time-averages, for example, weekly means, monthly mean, average over week 3-4.  Data should also be exchanged for the individual members in the ensemble so that probability forecasts can be developed.

Exchange frequency:  Initially it is recommended that exchange of data will be once a week. Operational schedule of various monthly prediction systems at GPCs need to be considered in deciding on the best day of the week to exchange the data among GPCs.

Forecast length:  Forecast length will be determined by the longest common period over which operational monthly prediction systems at different GPCs are run.

Data format: As for the data exchange policy in place for the LC-LRFMME, use of grib format is recommended.

Exchange of full fields:  It is recommended that exchange of data should be for full fields.  This exchange then needs to be accompanied by the exchange of relevant hindcast data such that forecast anomalies and tercile (or quintile) boundaries for probabilistic forecasts can be computed.

How to exchange the data:  Similar to the exchange of seasonal forecast data, i.e., via ftp.

Annex 2: REVISED TERMS OF REFERENCE OF THE ET-ELRF

The Terms of Reference for the Expert Team on Extended- and Long-Range Forecasting are as follows:

(a)
On the basis of requirements from Regional Climate Centres (RCCs), Regional Climate Outlook Forums (RCOFs) and NMHSs, and in the context of the Global Framework for Climate Services (GFCS), guide future development, outputs and coordination of components in the production of LRF. The components include Global Producing Centres (GPCs), Lead Centres for Long-range Forecast Multi-model Ensembles (LC-LRFMME), the Lead Centre for the Standardized Verification System for Long-range Forecasts (LC-SVSLRF) and other relevant bodies generating and providing LRF products;

(b)
In coordination with CCl, promote the use of GPC and LC forecast and verification products by RCCs, RCOFs and NMHSs, develop interpretation guidance to facilitate their use, and encourage feedback on usefulness and application;

(c)
Report on production, access, dissemination and exchange of LRF products and provide recommendations for future consideration and adoption by CAS, CCl, CBS, WCRP and other appropriate bodies;

(d)
In consultation with relevant experts in CAS and CCl and with the CBS Coordination Group on Forecast Verification, review developments in verification scores and practices with a view to updating the Standardized Verification System for Long-range Forecasts (SVSLRF);

(e)
Assess applications for GPC status against the designation criteria and make recommendations on designation to CBS;

(f)
Review the rules regarding user access to GPC and LC-LRFMME forecasts products;

(g)
Review the status of extended-range forecasting activities, and promote the availability and exchange of extended-range forecasts and verification products;

(h)
In close collaboration with WCRP, promote international cooperation and research on initialized predictions for timescales longer than seasonal and report on potential for operational predictions to CBS and CCl;

(i)
Review the Manual on the GDPFS (WMO-No. 485) and propose updates as necessary concerning extended and long-range forecasts.

