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Statement of Guidance for Seasonal and Inter-Annual (SIA) forecasts
(Point of contact: Laura Ferranti, ECMWF)

(Version updated April 2008 by Laura Ferranti, and approved by ET-EGOS-4, July 2008)

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 the 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 sub-surface 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 e.g., 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 complementarity 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
Sub-surface temperature

Many, but not all, SIA forecast models assimilate sub-surface 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 sub-surface temperature for the tropical Pacific, at least for the current modeling 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 models are starting to make use of such data in the ocean data assimilation. The 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 (e.g., 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 use is 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 is no existing or planned direct observation of such quantity with global or even regional coverage.  Soil moisture analysis relies on proxy data.  Such data cover three 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; and,
· 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 three 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 three 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; and,
· 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.

____________

DATA NEEDS FOR LONG RANGE FORECAST
(Prepared by Dr Laura Ferranti (ECMWF) and endorsed by the CBS Expert Team on 
Extended and Long-Range Forecasting (Beijing, China, 7-10 April 2008))

An accurate description of the ocean, land surface, sea ice and atmospheric conditions is the basic need to create the best initial conditions for long-range forecasts.  On timescales beyond one or two months, the ocean state has an important role.  Land surface conditions play a role during the first two months of the forecast.  Although little is known about the predictability of the sea-ice, it has been shown that changes in the ice coverage have the potential of impacting the atmospheric circulation at monthly and seasonal time scales.  In general, the quality of LRF is still much affected by model errors, and there is a real need for suitable data to assess and improve models. 

Ocean initial conditions
Sea-Surface Temperature (SST)
High-quality, fast delivery SST, ideally with accuracy < 0.1 deg C on 100 km spatial scale, available within 24h (by SST we mean e.g., bulk temperature at 2m depth).

Data used to force the ocean model, such as wind stresses.
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, surface radiation and Precipitation-Evaporation could help give a better definition of the mixed layer structure.

High quality, time homogeneous equatorial data: temperature, salinity and velocities.

The equatorial mooring arrays, providing homogeneous and continuous time-series of observations are essential.  TAO array is a vital backbone for the sub-surface temperature in the Pacific.  It could be easily enhanced by providing also salinity measurements.  Data at higher vertical resolution, and real-time velocity would also be beneficial.  Although the PIRATA array over Equatorial Atlantic is useful, its spatial sampling is still deficient, and the salinity data, measured in real-time, is often not received by the assimilation centres.  Temperatures from the recently implemented moorings in the Indian Ocean are being used operationally, and further developments of this array will be welcome.

Broad-scale ocean sub-surface Temperature and Salinity data
In overall terms the ARGO array has been demonstrated to have a substantial impact in the knowledge of the ocean and in the skill of seasonal forecasts.  It is absolutely essential that the sustainability of the ARGO array is maintained for the foreseeable future.  The Ships-Of-Opportunity Programme (SOOP) provides data of acceptable spatial resolution, over some region of the globe but the temporal resolution is marginal.  It is noted that the SOOP is evolving to provide enhanced temporal resolution along some specific lines.

Real-time delivery of satellite derived sea level data.
The spatial coverage provided by the Altimeter data has been proved to be valuable.  Again, it is important to guarantee the continuity of the altimeter missions without interruptions.

A good knowledge of the earth’s geoid provides essential information for estimating the mean dynamic topography, which has been proven to have a large impact in the ocean state when combined with the altimeter information, although further developments of assimilation methods are needed.  There are plans to make use of geodetic data to obtain information about geoid and the mean state of the oceans.  It is expected that geodetic data will become available from satellite; GRACE and CHAMP are flying missions; GOCE will be an important addition.

Sea-ice data (concentration and thickness) will be helpful.  For instance, the significant reductions in Arctic ice cover during the 2007 Northern Hemisphere (NH) summer are not correctly represented in the ECMWF seasonal forecasting system.  Experimental results indicate that this anomalous ice cover has an impact on the NH atmospheric circulation suggesting a potential benefit from proper sea-ice treatment in the seasonal forecasting system.  However, the predictability of sea ice anomalies in coupled models is still poorly understood, and it is likely that accurate initialization of sea-ice properties is needed to predict such anomalies few months in advance.

Satellite derived surface salinity data might prove useful, since it will help to reduce the large uncertainty in the upper ocean salinity field, currently very large due to the precarious knowledge of the fresh water fluxes.  Surface salinity information will certainly help to constrain the fresh water balance. 

Land surface

Soil moisture

Soil moisture initial conditions are a crucial element in the forecast performance in mid-latitudes spring / summer and might extend predictability over land in the monthly to seasonal range.  Soil moisture drifts are ubiquitous in NWP models, due to deficiencies in land surface models and / or the forcing precipitation and radiative fluxes.  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 three 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; and,
· 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.

It is clear that without stringent caveats and 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.

Snow cover, depth and mass.
Both for real-time analyses and consistent analyses of the past
Atmospheric initial conditions

Thanks to Medium-Range Numerical Weather Prediction systems, an accurate description of the real-time atmospheric initial conditions is already largely available.  However, LRF has some needs additional to those for medium range forecast:

Time variation in the composition of the atmosphere needs to be known and accounted for:  greenhouse gases, tropospheric aerosols, volcanic aerosols, and stratospheric ozone.  Near real-time data is needed, and in many cases both horizontal variations and the vertical profile are required.

For verification and calibration of model output

(i)
Global data that can be used to validate the LRF.  This is particularly important for rainfall, where high-quality, high-density and readily available data would be of great value both for assessing model quality, and, more importantly, empirical downscaling global model output for local use;
(ii)
Long records of station data will be very useful for calibration and downscaling purposes, and will greatly help the application and usefulness of the seasonal forecasts products;
(iii)
Atmospheric reanalysis should be continued in the real-time.  Although the existing atmospheric reanalysis have proved an invaluable contribution to LRF, they usually cover only a fixed period, and in order to complete the validation data set, the reanalysis record is often complemented with operational data.  This has the potential of introducing undesired inhomogeneities in the validation data sets; and,
(iv)
Reanalysis should be repeated as the models and data assimilation methods improve, thus guaranteeing that the quality of the data sets is continuously improved.
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