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Summary and purpose of document

This document presents the main conclusions of the joint meeting of the Expert Teams on Long-Range Forecasting (Infrastructure and Verification).
Action Proposed  

The meeting is invited to consider the information in this document, provide comments as appropriate and endorse recommendations for the next CBS.
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Long-range forecasting

Introduction

1.
This document is based on the report of the meeting of the Joint Expert Teams on Long-Range Forecasting (Infrastructure and Verification) of the CBS OPAG on DPFS which was held at the kind invitation of ECMWF in Shinfield Park, Reading from 3 to 7 April 2006.  Fifteen experts representing eleven operational Long-range Forecast producers and one regional centre participated in the meeting.  The meeting considered the important questions in current development of long-range forecasting (1 month to 2 years).

Multi-Model Ensembles

2.
Several groups have been and are involved in projects or experiments where multi-model ensemble systems are used.  Examples are the EURO-SIP, the ENSEMBLES and the APEC Climate Centre projects.  There are scientific benefits in the use of multi‑model ensembles (MMEs) for long-range forecasting as the results of the experiments showed:

- MMEs provide the opportunity for improved reliability over that available from single model ensembles alone.

- MMEs provide the opportunity to estimate uncertainties in LRF, and to particularly identify limitations of LRF.

- MMEs provide a means to a “confidence builder” in the area of LRF.

- Larger improvements in skill can be achieved from the use of MMEs, rather than increasing the ensemble size for a single model.  
2.1
It was also agreed that there were needs for Lead Centre(s) for collection of globally available LRF to build MMEs.  These Lead Centre(s) would remain at the same level of status as all the other Global Producing Centres of long-range forecasts.  The KMA (Korea Meteorological Administration), possibly joint with NCEP (USA) made an offer to become Lead Centre for LRF MMEs.  A set of functions for a Lead Centre for LRF MMEs were defined:

· Be a global collector of hind-casts and forecasts from GPCs of LRF and LRF MME, and making them available to GPCs, RCCs, and NMHSs, as registered users (with password protected access);

· Promote the exchange of research and experience on MME, and provide documentation on MME;

· Work, under the auspices of WMO, at the establishment of standards for MME products (e.g. NetCDF, GRIB 2);
· Provide a repository of different MME techniques for the generation of MME in support of GPCs and RCCs;
· Provide display of GPCs forecasts in a common format based on agreed standards, including WMO standards, to RCCs, NMCs and GPCs, with password protected access.
2.2
It is recommended that the Commission for Basic Systems propose the recognition of Lead Centre(s) for LRF MMEs, if performing the required functions. 

Ensemble size

3.
The required ensemble size depends on the size of the signal to be detected, for example, in the mid-latitudes, one needs bigger ensembles for detecting small shifts in probability.  Skill should really be the key point in deciding the ensemble size.  In order to estimate uncertainty, a large ensemble size is desirable.  The definition of optimum ensemble size should be decided in the context of the way of ensemble data usage (it is expected to be different for assessment of means, probabilities and extremes).  

Observation needs

4.
The Team reviewed the data needs for global LRF, in particular for specific land surface data, like soil moisture and also for ocean sub-surface data.  The statement of guidance, which contained observational data requirements for long-range forecasts was reviewed and it is recommended that the new list of Observation Data Needs for Producing Global Long – Range Forecasts be considered by the CBS/OPAG on IOS, by CCl and by GCOS (see Appendix).  

LRF products and Resolution 40

5.
At the request of some members, the application of WMO Resolution 40 related to LRF products and data was requiring clarification, especially for GPCs’ products needed by Regional Climate Centres (RCCs) and NMCs.  In the spirit of Resolution 40, it was proposed that GPCs’ products defined in the Appendix II.6 of the Manual on GDPFS shall be considered as essential and given free without condition to NMCs and RCCs.  Other data or products should also be given by GPCs at request of RCCs, NMCs or Lead Centre(s), especially for the purpose of enabling them to perform their tasks, provided the RCCs, NMCs and Lead Centre(s) adhere to the conditions, if any, attached by the GPCs to the data or products.

Role of GPCs and RCCs

6.
It is proposed to define in a simple manner the role of GPCs and RCCs in the Manual on GDPFS.  The minimum list of products to be made available by GPCs was reviewed (see Doc. 6(2) ADD.1) with some necessary clarifications.

Recognition as Global Producing Centre (GPC)

6.1
A letter recalling the procedures for designation of GPC as defined by CBS XIII had been addressed to the concerned Permanent Representatives and at the same time the communication of the Centres’ verification data to the Lead Centre for Standard Verification System for Long-Range Forecast (SVSLRF) located in Melbourne was requested.  It is expected that a number of countries will submit to the next CBS request for recognition of their long-range forecast producing centre as GPC.  It was recommended that a document be passed to the CBS for assisting a probable Sub-Committee that will be assessing the achievements of the candidate GPCs.  The document should clarify the requirements, in particular for the passing of verification data to the Lead Centre. 

Needs ot RCCs and NMCs

7.
Products should be “downscaled” to the concerned region.  The impact on agriculture and other parties concerned should be taken into account for delivering the right information, by adapting the products to the needs.  The forecasts must be available at a certain time that depends on the region, for example March for rainy season in West Africa.  Indication on onset, cessation and length of rainy season are needed, but this could be more in the domain of extended range (weeks to month forecasts).  

7.1
The following experimental products are desired by RCCs and NMCs:

· Averages, accumulations or frequencies over 1-month period to 3-month period. 
· Probabilities of exceeding some threshold values ( e.g., seasonal rainfall totals above a range of thresholds)

· Risk of extreme climate anomalies that may help in warning of e.g. occurrence of heat and cold waves over a particular region.
· Predicted generalized indices of drought, monsoon etc.
· Dry and wet spells: frequency and duration (with one month lead time)

· Probable date of onset of main rainy seasons (over a region, like South Asia, East Asia, southern Africa, GHA etc).
· The need to have first month (0-lead) averages was expressed.  
7.2
The GPV (grid point value) products are preferred in GRIB 2 format rather than NetCDF, especially for downscaling.  The requirements are as follows:

· Forecast data for downscaling algorithms; this is likely to require more than monthly mean data, e.g.:
· Statistics on daily variability

· Anomalies for some or all ensemble members

· Hind cast data

· Data for RCM boundary and initial conditions (including SST data).
· Data for calculating regional specialized indices (drought).

· Analyzed fields of surface and upper air parameters for use in empirical models as predictors.
· Observed and predicted global weekly values of SST.

· Daily satellite precipitation analysis for use in monitoring through the season.

7.3
Regional climate centres/ NMCs may not have expertise in all aspects of Long-range forecasts.  They will need assistance in training from GPCs in the following main areas:
· Interpretation and use of GPC LRF products

· Downscaling techniques (both statistical and dynamical) 
· Verification techniques (for local verification of RCC generated products and application outputs)

· Development of local user applications from RCC downscaled products

· Use and implementation of regional climate models.

Verification of LRF

8.
The matters related to the verification were reviewed by the joint meeting on LRF.

8.1
At the moment, it was preferred to exclude verification of forecasts that were post-processed using for example Model Output Statistics or Perfect Prog approaches but GPCs are encouraged to display verification on their post-processed forecasts on their own web sites.  

8.2
Significance levels can be derived from either standard significance statistical test or bootstrapping techniques.  It was agreed on the general principle that if standard significance tests for a given score are available and valid, given the assumptions about the data, it will be preferable to use them.  The cross-validation should be mandatory for both calibrated and re-calibrated forecasts.  There is a need to define a rigorous cross-validation procedure that can be used as part of the standard SVS guidelines.

8.3
For assessing if there is any information in the ensemble distribution, a good approach would involve comparing the quality of the forecasts given the observed ensemble spread / distribution with the quality achieved by keeping the ensemble spread / distribution constant.  It was recognized the inherent difficulty of verifying forecasts of extreme events because of the small sample sizes involved.  The only option is to perform verification and to indicate the uncertainty in the calculation of these scores.

8.4
The recommended period of hind cast should be 1981-2002 for submission to the Lead Centre web site.  The beginning of the period was chosen to be 1981 because it is the first year where good ocean observation data were made available.  The end of the period was chosen because it is the ending year of the ERA-40 data set.  The specification of this period will be reconsidered as available observations data sets evolved.  However, in-homogeneity and incompleteness of reference observation data impose constrain on increasing the hind cast periods.  It was recommended that the GPCP data be the official data set for precipitation verification.  

APPENDIX

OBSERVATION DATA NEEDS FOR PRODUCING GLOBAL LONG –RANGE FORECASTS

(updated April 2006)


This Statement of Guidance (SOG) was developed through a process of consultation to document the observational data requirements to support seasonal-to-interannual (SIA) climate prediction.  This version was prepared originally by the ET-ODRRGOS with experts from the NWP community, and was subsequently updated in consultation with a number of experts from the climate community through AOPC and by the CBS ET on Infrastructure for Long-Range Forecasting.  It is expected that the statement will be reviewed at appropriate intervals by the OPAG on Data Processing Forecasting Systems to ensure that it remains consistent with the current state of the relevant science and technology

1.
Introduction


Coupled atmosphere-ocean models are used to produce seasonal-to-inter-annual forecasts of climate.  While empirical and statistical methods are also used to predict climate conditions a season ahead, the present assessment of how well observational requirements are met relates only to the coupled model inputs. It is noted that historical data sets also play an important role in SIA prediction by supporting calibration and verification activities.

Whilst such forecasting is still subject to much research and development, many seasonal forecast products are now widely available. The complexity of the component models ranges from simple models to full general-circulation-model representations of both the ocean and atmosphere. There is also large variation in the approach to the assimilation of initial data, with some of the simpler models assimilating only wind information while the more complex models usually assimilate subsurface temperature information and satellite surface topography and temperature data.  Indeed, major challenges remain in the development of assimilation techniques that optimise the use of observations in initialising models.  


The time and space scales associated with seasonal-to-interannual variability (large scale, low frequency) suggest the key information for forecasts will derive mostly from the slow parts of the climate system, in particular the ocean, but also the land surface.  When considering impacts such as rainfall deficiencies or increased temperatures over land, however, there are very good reasons for considering variables associated with the land surface conditions.  In particular, land surface moisture and vegetation should be specified and predicted.  The models should also include up-to-date radiative forcing (e.g. greenhouse forcing), which are important for maximising skill in forecasts of land surface air temperature anomalies relative to recent historical reference-normal periods.


In this list of observation needs, the requirements for SIA forecasts are based on a consensus of the coupled atmosphere-ocean modelling community.  It builds on the requirements for Global NWP and represents in addition those variables that are known to be important for initialising models or for testing and validating models.  For the most part, aspects that remain purely experimental (i.e. unproven) are not included.  There is some attempt to capture the impacts aspects; that is, those variables that are needed for downscaling and/or regional interpretation.

2.
Data Requirements

The following terminology has been adhered to as much as possible: marginal (minimum user requirements are being met), acceptable (greater than minimum but less than optimum requirements are being met), and good (near optimum requirements are being met).

2.1
Sea surface temperature 


Accurate SST determinations, especially in the tropics, are important for SIA forecast models.  Ships and moored and drifting buoys provide observations of good temporal frequency and acceptable accuracy, but coverage is marginal or worse over large areas of the Earth.  Instruments on polar satellites provide information with global coverage in principle, good horizontal and temporal resolution and acceptable accuracies (once they are bias-corrected using in situ data), except in areas that are persistently cloud-covered (which includes significant areas of the tropics).  Geostationary imagers with split window measurements are helping to expand the temporal coverage by making measurements hourly and thus creating more opportunities for finding cloud-free areas and characterising any diurnal variations (known to be up to 4 degrees C in cloud free regions with relatively calm seas).  Microwave measurements provide acceptable resolution and accuracy and have the added value of being able to ’see through’ clouds.  Blended products from the different satellites and in-situ data can be expected to be good for SIA forecasts.

There is a requirement for high quality, fast delivery SST (ideally with accuracy < 0.1 deg C on 100 km spatial scale and < 0.25 deg C on 10 km spatial scale, available within 24h ( by SST we mean eg bulk temperature at 2m depth).

2.2
Ocean wind stress


Ocean wind stress is a key variable for driving ocean models. It is important to recognise the complementarities between surface wind and surface topography measurements.  Current models use winds derived from Numerical Weather Prediction (NWP), from specialist wind analyses or, in some cases, winds inferred from atmospheric models constrained by current SST fields.  The tropical moored buoy network has been a key contributor for surface winds over the last decade, particularly for monitoring and verification, providing both good coverage and accuracy in the equatorial Pacific.  Fixed and drifting buoys and ships outside the tropical Pacific provide observations of marginal coverage and frequency; accuracy is acceptable. 

Satellite surface wind speed and direction measurements are now the dominant source of this information.  Currently their data reach SIA models mostly through the assimilated surface wind products of NWP, where their positive impact is acknowledged.  Overall, a two-satellite scatterometer system, or its equivalent, would provide good coverage and acceptable frequency, and it would complement the ocean-based systems.  At this time, continuity and long-term commitment are a concern.  Improved integration of the data streams and operational wind stress products from NWP and other sources will be needed to achieve acceptable or better coverage, frequency and accuracy.

High quality scatterometer winds are the best products available at the moment and need to be maintained operationally.  Additional data would always be useful.  For example data to allow better estimates of heat-fluxes and P-E (precipitation minus evaporation) could help give a better definition of the mixed layer structure.  

2.3
Subsurface temperature 


Many, but not all, SIA forecast models assimilate subsurface temperature and salinity data, at least in the upper ocean (down to ~500 m depth).  The Tropical Atmosphere Ocean (TAO) / TRITON moored buoy network provides data of good frequency and accuracy, and acceptable spatial resolution, of subsurface temperature for the tropical Pacific, at least for the current modelling capability.  The tropical moored network in the Atlantic (PIRATA) is better than marginal but does not yet have the long-term resource commitments and stability to be classified as acceptable.  There is no array in the Indian Ocean.  The Ships-of-Opportunity Programme (SOOP) provides data of acceptable spatial resolution over some regions of the globe but the temporal resolution is marginal.  It is noted that SOOP is evolving to provide enhanced temporal resolution along some specific lines.  The Argo Project is providing global coverage of temperature and salinity profiles to ~2000 m, mostly with acceptable-to-good spatial resolution, but only marginal temporal resolution in the tropics.  In all cases the accuracy is acceptable for SIA purposes.

Ocean observation system over Equatorial Atlantic is deficient in moorings.  Moorings at and near the equator are important.  Equatorial moorings in the Indian Ocean are also useful.

2.4 Salinity

Salinity is becoming an important parameter.  Some model are starting to make use of such data in the ocean data assimilation.  ARGO is a major source of salinity observations.  It provides global coverage of temperature and salinity profiles to ~2000 m, mostly with acceptable-to-good spatial resolution, but only marginal temporal resolution in the tropics.  Valuable data also comes from the tropical moorings although data coverage is too limited.  Surface salinity will be measured by satellite in the forthcoming research mission.  There will be a need for continuity of those measurements.

2.5
Ocean topography


Ocean altimetry provides a measure of the sea surface topography relative to some (largely unknown) geoid (or mean sea surface position) that in turn is a reflection of thermodynamic changes over the full-depth ocean column.  In principle, the combination of altimetry, tropical mooring and Argo will provide a useful system for initialising the thermodynamic state of SIA models.  Long term commitments for satellite altimetry are required.  Research satellites are providing a mix of data with acceptable accuracy and resolution and data with good spatial resolution (along the satellite tracks) but marginal accuracy and frequency.  The "synoptic" global coverage, particularly beyond the tropical Pacific, is an important requisite.  Ocean altimetry data can currently only be used to look at variability in the sea state.  There are plans to make use of geodetic data to obtain information about the geoid and the mean state of the oceans.  It is expected that geodetic data will become available from satellites; GRACE and CHAMP are flying missions; GOCE will be an important addition.

2.6
Surface heat and freshwater fluxes


There are a few sites in the tropical ocean where the data on surface heat flux are of value for validation and are required at a number of sites in the tropical oceans.  NWP products (derived from analysis from short range forecast), in principle, have good resolution but the accuracy is at best marginal.  Satellite data provide prospects for several of the components of heat flux, particularly shortwave radiation, but at present none is used on a routine basis for SIA assimilation.  Precipitation estimates are important for validation because of the fundamental role of the hydrological cycle in SIA impacts.  They also have importance in initialisation because of the links to salinity.  However, there remain significant uncertainties in estimates of rainfall over the oceans.  In addition the fresh water run off information from rivers (large estuaries) will become important in coastal areas and regional parts of the oceans, eg the Gulf of Bengal.

2.7
Ocean current data


Models generally do not currently assimilate ocean current data, perhaps in part because data is limited.  However, because of the central importance of dynamics and advection, current data are important for testing and validation.  For example, experimental fields of surface current for the tropical Pacific and Atlantic are now being produced routinely by blending geostrophic estimates from altimetry with Ekman estimates from remotely-sensed wind observations.  Inferred surface currents from drifting buoys are acceptable in terms of accuracy and temporal resolution but marginal in spatial coverage.  Satellite altimetry is also being used to infer the distribution of ocean currents.  Moored buoys are good in temporal coverage and accuracy, but marginal otherwise.  

2.8
In-situ sea level


In-situ sea level measurements provide an additional time-series approach (good temporal resolution and accuracy; marginal spatial coverage), particularly for testing models and validating altimetry.

2.9
Atmospheric data


Since several SIA systems are driven by winds and, in several cases, surface heat flux products from operational analyses, the global (atmospheric) observing system is fundamental for SIA forecasts and their verification. 

2.10 Land surface

· Snow cover.  Snow cover and depth are important, particularly at short lead times (intraseasonal-to-seasonal).  Snow depth observations are marginal.

· Soil moisture and terrestrial properties:

· Soil moisture are still very marginal although soil moisture initial conditions are a crucial element in the forecast performance in mid-latitudes spring/summer (Beljaars, 1996) and might extend predictability over land in the monthly to seasonal range (Koster et al., 2004a, b).  Soil moisture drifts are ubiquitous in NWP models, due to deficiencies in land surface models and/or the forcing precipitation and radiative fluxes (Viterbo, 1996). 

· Due to its extended memory, the relevant quantity to initialise is the soil water in the root layer.  There are no existent or planned direct observations of such quantity with global or even regional coverage.  Soil moisture analysis relies on proxy data.  Such data covers 3 main groups:

· Observations related to the surface-atmosphere feedback, or the partitioning of available energy at the surface into sensible and latent heat fluxes (e.g. Screen-level temperature and humidity and early morning evolution of IR radiances in the window channels in geostationary platforms)  

· Observations related to the soil hydrology, such as microwave remote sensing; radiances are sensitive to water in the first top few cm of the soil. 

· Remote sensing observations related to plant phenology, such as leaf area index (LAI), fraction of available photosynthetically active radiation (fAPAR), broadly based in the contrast in reflectances between the visible and NIR.  In as much as the phenological evolution of plants depends on available water, there is a soil water related signal in the LAI and/or fAPAR; conversely, assimilation of such quantities will constrain the model evaporation, impacting on the background soil moisture.

· Without careful constraints, the use of one of the 3 classes of observations presented above will alias information into the analysed soil moisture.  A strong synergy is expected from combining observations from each of the 3 classes above, because they sample "complementary directions" in the physical space. 

2.11
Sea Ice cover and thickness

Sea  ice cover is important for high latitudes. It is implicitly included in the leading SST products.  Sea ice thickness is important for fluxes and would be useful for initialisation.  Too few ice thickness measurements are presently available.

2.12
Other data


There are many other data sets that may play a role in future-generation SIA forecast models.  Because these roles are largely unknown, it is premature to discuss the adequacy of observing systems to meet these needs; generally speaking, they are not expected to rank near the above data in terms of priority.  These data sets include:

· Ocean colour.  Ocean transparency is already included in several ocean models and is thought to be a factor in SIA models (helping to determine where radiation is absorbed). Ocean colour measurements provide a means to estimate transparency.

· Clouds.  Poor representation of clouds remains a key weakness of most SIA models.  Better data are needed to improve parameterisations but these needs are adequately specified under NWP and elsewhere.

· Aerosols data such as volcanic ash is also required.  Continuity of satellite observations of volcanic aerosols is important.

· Stratospheric ozone concentration data might be of interest in the future for seasonal forecasting.

