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	SUMMARY AND PURPOSE OF DOCUMENT

This document presents background information on several items for discussion at the EGOS session, including: (i) Evolution of Climate Statements of Guidance (SoG), (ii) Development of the Satellite Supplement to the GCOS Implementation Plan (GIP), (iii) Relationship of the GIP to the EGOS-IP, (iv) Data exchange issues, and (v) Progress towards establishing GCOS Reference Upper-Air Network. 
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ACTION PROPOSED


The meeting is invited to note the information contained in this document for discussion under the appropriate agenda items.

Annex 1:
Draft Statements of Guidance for Climate Applications
Annex 2:
Implementation Plan for the GOG  for Climate in support of the UNFCCC

Annex 3:
Preliminary comparison of Recommendations of the EGOS-IP & GCOS IP

Annex 4:
Appendix VIII from ET-SAT-1, 5-9 December 2005

Annex 5:
CBS/GCOS Expert Meeting on the Coordination of the GSN and GUAN
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GCOS Matters related to ET-EGOS
1. Statements of Guidance for Climate Applications

Three Statements of Guidance (SoGs) for climate applications were developed through collaboration among GCOS, CCl and CBS: Seasonal-to-Interannual Forecasts (SIA); Climate Variability (CV), and Climate Change (CC). The latest version of the SIA SoG (November 2003) was formally adopted by CBS and is under the ‘ownership’ of CBS/DPFS. The latest versions of the CV and CC SoGs (see Annex I) were completed by AOPC following their tenth session in April 2004. These were submitted to ET-ODRRGOS-7 in July 2004, with a recommendation that ‘ownership’ of these statements be taken over by CCl. ET-ODRRGOS-7 agreed to act on this recommendation. No further action has been taken on these statements by GCOS/AOPC in view of the development of the 2AR, the GIP and the Satellite Needs Document, which are all in effect ‘statements of guidance’ for climate needs. The GIP especially contains Actions specifically targeted at CBS as the ‘Agent for Implementation’ (see below).

Additional background on these SoGs can be found in Docs 6.1(1) and 6.2(7).

2. Development of the Satellite Supplement to the GCOS Implementation Plan

The document “Systematic Observation Requirements for Satellite-based Products for Climate” (hereafter: ‘Satellite Supplement’), currently under development
, provides supplemental detail to the requirements of the Implementation Plan for the Global Observing System for Climate in Support of the UNFCCC (GCOS-92, October 2004), for climate products derived from satellites. The detailed specifications, often in conjunction with in-situ data for calibration and validation, have been made traceable to the GCOS Implementation Plan.

A draft of the Satellite Supplement was developed in a meeting of the GCOS Panel Chairs and during a GCOS expert workshop from 9-11 January 2006, in collaboration with representatives from CEOS/Space Agencies, the WMO Space Programme, and WCRP. GCOS requirements on space-based observations, as given in the WMO/CEOS database, were used to initially specify 44 satellite products for climate based on the GCOS Essential Climate Variables (ECV). In addition, 8 cross-cutting requirements on satellite-based observations for climate are stated, including needs for reanalysis, calibration/validation and intercalibration of instruments. A two-months’ web-based open review period of the draft document ended in mid-June 2006, resulting in numerous constructive and largely supportive comments by the wider community. These comments are currently being evaluated in view of finalization of the Satellite Supplement in July 2006, with subsequent publication as a GCOS document.

The specifications laid out in the Satellite Supplement have been assisting the Committee on Earth Observation Satellites (CEOS), acting on behalf of the countries supporting Space Agencies, in the development of a coordinated response to the needs expressed in the GCOS Implementation Plan for UNFCCC SBSTA-25 in November 2006, as requested by the UNFCCC in decision 5/CP.10
.

3. Relation of the GIP and the IP-EGOS

Development by GCOS of the Implementation Plan for the Global Observing System in Support of the UNFCCC (GCOS-92, October 2004) (the GIP) was done roughly in parallel with development by ET-ODRRGOS of the Implementation Plan for Evolution of Space and Surface-Based Sub-Systems of the GOS (WMO/TD No. 1267) (the EGOS-IP). Coordination between the plans was carried during the development activities, followed by an informal ‘cross-walk’ between the recommendations of the two documents near the end of the process (September 2004). Many of the 131 Actions in the GIP call on the support of the WMO/CBS  as an ‘Agent for Implementation’ of the actions. These specific actions (see Annex II) were presented to CBS-XIII in February 2005 with the specific objective of gaining CBS support for their implementation. The CBS-XIII conclusion is as follows:

“The Commission supported the Plan as a major step in the full implementation of the global observing system for climate and agreed to participate fully in implementing the relevant actions and also facilitating access to ECVs by developing countries. It encouraged Members to support implementation of the Plan and associated regional plans on an individual basis. It requested the OPAG-IOS to provide advice on how the Commission could best respond to these actions. It also requested the OPAG-IOS to work with GCOS to identify the relationship between elements of the Implementation Plan for GCOS and the Implementation Plan for Evolution of Space- and Surface-based Subsystems of the GOS.” 

The latter task may be carried out through ET-EGOS, and could involve in the first instance an updated correlation or ‘cross-walk’ between the documents. The mentioned ‘informal’ comparison (see Annex III) revealed that most climate-related recommendations in the EGOS-IP find equivalent elements in the list of actions of the GIP. 

The first meeting of the newly-established OPAG-IOS Expert Team on Satellite Systems (5-9 December 2005) considered the GCOS Implementation Plan and responses to it on behalf of the WMO Space Programme. The session made specific suggestions concerning Key Actions of the GCOS Implementation Plan (see Annex IV) and agreed to provide comments to be available for the GCOS Experts’ meeting planned for 9-11 January 2006 (see above) as part of its inter-sessional work programme. The session also agreed that an in-depth review of the GCOS Implementation Plan would be addressed as an agenda item during its next session,  scheduled for 4-8 September 2006 in Geneva. 
4. Data exchange issues

The fifth session of the CBS Management Group (MG-5) (April 2005) reviewed the actions needed as follow-up to the outcome of the Thirteenth Session of the Commission for Basic Systems (St. Petersburg, Russia, 23 February-3 March 2005). Paragraph 3.1.4 of the final report of the MG meeting says, related to issues in the data exchange of climatological data from atmospheric and hydrological networks:

"The MG was informed of the study undertaken by GCOS, which focused primarily on the activities of Global Data Archive and Monitoring Centres associated with the GCOS baseline networks providing in situ atmospheric Essential Climate Variables (ECVs).  The results of this study were published as WMO Technical Document (WMO/TD No. 1255).  The MG noted that appropriate parts of the TD are directly related to the OPAG-IOS and OPAG-ISS activities.  With a view to coordinate efforts in addressing problems and challenges encountered in data acquisition and exchange in GCOS atmospheric networks, the MG decided to bring this TD to the attention of relevant ETs.  As regards the OPAG-IOS, it was agreed to task the rapporteur on GCOS matters to review and comment on the relevant results and proposals contained in the TD, and also invite ET-EGOS and ET-SAT to collaborate with GCOS in addressing the issues related to the climate data availability."

GCOS would welcome an update on the status of the activities following the abovementioned recommendation by the CBS Management Group, given that ET-EGOS-1 (December 2005) and CBS MG-6 (April 2006) did not raise this issue.

For ease of reference, WMO/TD No. 1255 entitled "Analysis of Data Exchange Problems in Global Atmospheric and Hydrological Networks (GCOS-96)" is available at:

http://www.wmo.int/web/gcos/gcoshome.html 

The final reports of the CBS MG meetings are available at:

http://www.wmo.int/web/www/CBS-Reports/MG-index.html
 5. GCOS/NOAA Workshop on Reference Upper-Air Observations
In May 2006, GCOS co-sponsored with NOAA the second in a series of workshops on defining a Reference Upper Air Network.  This workshop focused on instrumentation and siting options for such a network, while an earlier meeting had defined the climate requirements driving this activity.  A draft report has just been made available and is included in the transmission email to ET-EGOS.  This has clear implications for GOS, and it would be desirable if GCOS could make a brief (10-minute) presentation to introduce this activity to the Expert Team to begin the process of soliciting comments from, and engagement with, CBS.

6. EMCGG-2

The second CBS/GCOS Expert Meeting on the Coordination of the GSN and GUAN (EMCGG-2) was hosted by NCDC in Asheville, USA from 28-30 September 2005. Stephan Bojinski and Alexander Karpov attended for the GCOS and WMO/OSY Secretariats, respectively. 

Recommendations from the meeting are attached as Annex V. Of particular relevance to ET-EGOS are: (1) items related to improved coordination between Regional Rapporteurs/ Coordinators of Regional Aspects of the GOS, the GCOS Secretariat and CBS Lead Centres for GCOS data (section I.), and (2) items clarifying responsibilities of CBS Lead Centres for GCOS data, including the designation of new Lead Centres assuming responsibility for particular WMO Regions, and GCOS Monitoring and Analysis Centres (section V.).

ANNEX I

Draft Statements of Guidance for Climate Applications

Presented below are the three current Statements of Guidance for Climate Applications, following modification by AOPC-X (19-23 April 2004). It was proposed to ET-ODRRGOS-7 that these be forwarded to the CBS OPAG/DPFSS (S.1) and WMO/CCl (S.2 and S.3) for further review and ultimate ‘ownership’, as per the recommendations of AOPC-X.

S.1
Statement of Guidance for Seasonal-to-Interannual Forecasts

Background


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-OGRRGOS with experts from the NWP community, and was subsequently updated in consultation with a number of experts from the climate community through AOPC. It is expected that the statement will be reviewed at appropriate intervals 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 baroclinic 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. At present, useful forecast skill (as measured against ocean and atmosphere indices) is restricted to around 6-8 months lead-time and is confined primarily to the tropical Pacific and those regions directly impacted by El Niño, although useful skill has also been demonstrated in some extratropical regions. 


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. The initial conditions for the atmospheric model component are not so significant. 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 health should be specified and predicted. The models should also include up-to-date radiative forcing (e.g. greenhouse forcing), which may be important for maximising skill in forecasts of land surface air temperature anomalies relative to recent historical reference-normal periods.


Comprehensive statements on requirements of AOPC, OOPC, TOPC, WCP, WCRP and CCl have appeared in several places, most recently in the proceedings of First International Conference on Ocean Observing Systems for Climate, and published separately in Observing the Oceans in the 21st Century (published by the GODAE Office and the Australian Bureau of Meteorology). In terms of key variables, the priorities have changed little since the Tropical Oceans-Global Atmosphere (TOGA) Experiment of 1985-1994. These requirements are being entered into the CEOS/WMO data base.  The above references also provide details of ocean-based and space-based platforms capable of meeting these requirements. Further, the report of the IGOS Ocean Theme Team provides a consolidated and integrated perspective for the oceans that embraces SIA forecasts explicitly. 


In this SOG, 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

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.

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.

2.3
Subsurface temperature and salinity profiles


Many, but not all, SIA forecast models assimilate subsurface temperature data, at least in the upper ocean (down to ~500 m depth). No current model assimilates salinity data (subsurface or surface), principally because of the paucity of data and inadequate knowledge of the variability. The 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 increasing 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.

2.4
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. Commitments are improving for long-term operation of satellite altimeters (e.g. through the Jason series). 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.

2.5
Surface heat flux


There are a few sites in the tropical ocean where the data on surface heat flux are of some value for validation. At a selected number of reference sites the accuracy and temporal resolution will be good. NWP products, 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 forecasts. Precipitation estimates are important for validation because of the fundamental role of the hydrological cycle in SIA impacts. They also have potential importance in initialisation because of the links to salinity. However, there remain significant uncertainties in estimates of rainfall over the oceans.
2.6
Ocean current data


No model currently assimilates ocean current data. 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 ia also being used to infer the distribution of ocean currents. Moored buoys are good in temporal coverage and accuracy, but marginal otherwise.  

2.7
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.

2.8
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 important for SIA forecasts and their verification. 

2.9
Other data


There are many other data sets that may play a role in future-generation SIA forecasts 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:

· Surface salinity (particularly from new space-based approaches).  No present model uses surface salinity.

· Snow cover.  Research suggests snow cover may be important, particularly at short lead times (intraseasonal-to-seasonal). 

· Ice cover.  Ice cover is important for high latitudes. It is implicitly included in the leading SST products.

· Soil moisture and terrestrial properties.  Research suggests proper initialisation of soil moisture is important. There are also indications that terrestrial properties, such as the state of vegetation, may be important, particularly in downscaling and impacts/applications.

· 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.

3.
Summary

The following key points summarise the SOG for Seasonal to Interannual forecasts:

· The data requirements for seasonal-to-interannual modelling and forecasts are now entered in the CEOS/WMO data base (as well as available in several GCOS and WCRP documents; see Section 1);

· The WCRP has concluded that models show useful skill in predicting variability of the El Niño-Southern Oscillation but there is less useful predictability beyond the Pacific. The exploitation of skill is dominated by the signal of El Niño;

· Integrated and complementary approaches to the atmospheric and oceanic observing systems is required, exploiting synergies with other areas;

· The TAO/TRITON Array of moored buoys (SST and winds; subsurface temperature; currents) provides the backbone of the ENSO Observing System in place today and its continuation is essential;

· Enhancements from satellite wind vector and surface topography estimates, from  autonomous systems such as Argo, and from enhanced surface flux reference sites, are providing a substantial contribution.

The key observational problems affecting improvements in seasonal to inter-annual forecasting are:

· The transition of research networks and outputs (especially ocean-based) to operational status (i.e. with sustained institutional support);

· The timely operational acquisition of data from research and non-governmental systems/sources;

· The lack of long-term commitment to

- a two-satellite scatterometer system,

- tropical moored arrays in the Atlantic and Indian Oceans,

- operational satellite altimetry,

- a network of surface flux reference sites.

S.2
[Draft] Statement of Guidance on Monitoring Climate Change

Background


This Statement of Guidance (SOG) is being developed through a process of consultation to document the observational data requirements to support monitoring climate change. It is expected that the statement will be reviewed at appropriate intervals to ensure that it remains consistent with the current state of the relevant science and technology.

1.
 Introduction

This Statement of Guidance covers data requirements for monitoring climate change, including both detection and attribution, on global and continental scales. Because attribution involves the comparison of three-dimensional fields of observations with fields from models covering the whole climate system, data of many types for many parts of the climate system are required. Detection must be based on analysis of high-quality homogeneous data. GCOS baseline systems, especially the GCOS Surface Network (GSN) and the GCOS Upper-Air Network (GUAN), are essential benchmarks. Best-practice guidelines have been developed for both of these networks. Current networks need to be consolidated and maintained, including national (e.g. Reference Climate Stations) and regional networks (e.g. Regional Basic Climatological Network), with emphasis on continuity and homogeneity. In some cases new stations are needed to fill existing gaps.

For monitoring climate change, data on variability and extreme events are essential. Important phenomena to be monitored include tropical cyclones, heat waves, frost, floods and droughts. This requires daily data and, ideally, hourly data for precipitation. Palaeoclimatic data are needed to provide a long-term perspective. Data archaeology, recovery and digitization are extremely important, and data so generated should be made available to the research community. Operational monitoring and quality control are essential. Maximum focus in the past has been on the atmosphere and the ocean surface, but increasing emphasis needs to be placed on the subsurface ocean and on the terrestrial components of the climate system.  Climate forcings must be monitored, including solar output, volcanic aerosols, greenhouse gas concentrations, and tropospheric aerosols. 

The IPCC Third Assessment Report provides a recent review of the state of understanding of climate change. An important development has been the association of error estimates with some climate indices and analysed fields. Data coverage needs to be sufficient to allow these developments to continue.


The Second Report on the Adequacy of the Global Observing Systems for Climate provides a recent assessment of the adequacy of current observing systems for monitoring climate change, particularly to meet the needs of the UN Framework Convention on Climate Change. The GCOS Climate Monitoring Principles, which are included therein, must be adhered to when planning, developing and operating all observing systems relevant to climate change, including both in situ and satellite-based systems.

2.
Data requirements

2.1
Surface

The longest climate records are available for terrestrial areas, primarily for variables such as temperature, precipitation and pressure. All studies of climate change require that the basic measurements be homogeneous (i.e. not affected by changes in instrument type and location or observation practices, or by undocumented data adjustments). The GSN provides a baseline set of observations against which more detailed national and regional measurements can be assessed. Coverage over land is generally good, but performance is poor in major regions of Africa and South America as well as in portions of the Pacific Islands region. Improvements to instrumentation require overlapping observations of the old and the new system for a period sufficient to identify and eliminate time-dependent biases (as per the GCOS Climate Monitoring Principles). Metadata must be acquired and kept up-to-date, both for ensuring the reliability of the records and for assessing the effects of local land-use changes. Current and historical metadata should be, to the extent possible, stored in electronic form and made readily accessible. All surface variables need to be monitored to the required accuracy (see CEOS/WMO database for a list of all required variables and monitoring accuracy).

2.2
Upper Air

In the troposphere and stratosphere, the most important variable for monitoring climate change is temperature. Humidity is also important because water vapour, especially in the upper troposphere and the stratosphere, makes a strong contribution to the greenhouse effect. It is important to be able to monitor and understand tropospheric lapse rate changes as these may reflect a mix of natural and anthropogenic influences. Stratospheric temperatures are important through their relation with ozone depletion, as well as with the greenhouse effect. They may also influence the troposphere. As all these data need to be accurate and unbiased, care must be taken to ensure that metadata are available to allow radiosonde and satellite-based temperature and humidity profiles to be determined to known quality with established error bars. Coverage of radiosonde data is poor in the tropics and over the Southern Hemisphere; networks need to be strengthened, reversing some recent declines. The continuity and consistency of satellite-based temperature and humidity retrievals (infrared, microwave, GPS occultation) needs to be assured; these variables also need to be bias-corrected and free from drift. Outputs of atmospheric reanalyses are insufficiently free of bias to be relied upon for studies of long-term climate change, owing to heterogeneous data inputs and the consequent time-varying influences of physical biases in current reanalysis models. Reanalyses need to be performed using models with minimal biases in data-sparse regions.

2.3
Ocean 

World-wide systematic observation of the ocean surface was started in the mid 19th century, but has developed most significantly over the last thirty years. Long-term climate change data bases of many oceanic variables are being developed. Measured oceanic parameters include:

· sea-surface water and air temperature;

· sea-surface salinity;

· sub-surface salinity and temperature;

· sea-ice extent;

· wave height.

The precision and completeness of many of these observations have been improved by blending in situ with infrared and microwave satellite data. For the best analyses, continued use of both satellite data and in situ observations will be required. Satellite instruments measure skin temperature, whereas it is the bulk temperature of the top metre or more of the ocean that is needed for many climate-change-monitoring purposes. Thus additional in situ data are required. Coverage of in situ temperature data is good in main shipping lanes but poor in the Southern Ocean and the Arctic, where satellite infrared observations are also prevented or degraded by cloud. Recent recommendations to launch and maintain an additional 100 drifting buoys monitoring sea surface and air temperature and pressure in the Southern Ocean should be implemented. Coverage of subsurface data is marginal or poor except in the Tropical Atmosphere Ocean (TAO) array in the tropical Pacific, the PIRATA array in the tropical Atlantic, and in some main shipping lanes. The Argo project should provide for major improvement in monitoring of the sub-surface ocean worldwide. The homogeneity of both in situ and satellite data streams is necessary to allow current conditions to be put into a historical perspective.  

2.4
Climate Forcing

In order to properly interpret the observed long-term changes in climate, measurements of the most significant forcing agents are required. These include:

· trace gases that absorb and re-emit in the thermal infrared such as CO2, NH4, O3, N2O, CFCs;

· aerosols (including volcanic aerosols), which have many climate roles due to their radiative scattering and absorption properties (direct effect) and their interaction with clouds (indirect effect due to modification of cloud microphysics);

· solar variability, since this impacts the entire earth radiation budget;

· land-use changes, which impact the radiative properties of the land as well as the latent and sensible heat fluxes.

For interpretation of observed long-term changes to climate, measurements of water vapour distribution are essential in both the troposphere and the lower stratosphere, since water vapour is the primary greenhouse gas and may be regarded as both forcing and feedback.

2.5
Palaeoclimate Data

Even the longest of instrumental records is not long enough to address issues of representativeness over long time scales. Palaeoclimate data (indirect information from tree rings, ice cores, corals, historical documents, etc.) allow the instrumental record to be placed in a much longer context. They are particularly important for assessing the uniqueness of recent trends and, together with climate model results and estimates of past forcing, could reduce uncertainties in estimates of climate sensitivity. The consistency of paleoclimate data, and their interpretation in terms of instrumental measurements, requires ongoing research. Spatial resolution is best over extra-tropical land areas and poor in the tropics, except for some coral reefs.

2.6   Satellite Observations

In addition to in situ observations, satellite observations have an important role in obtaining global coverage of essential climate variables, both at the surface and in the free atmosphere. For top-of-the-atmosphere radiation budget, satellite data are a unique source. For monitoring climate change, satellites and their sensors must have high calibration standards and long-term stability. in order to ensure that the climate record is homogeneous, it is vital for satellites to continue to measure in historical spectral bands, such as the MSU channels.

The exploitation of the full potential of satellite observations requires accurate radiative transfer algorithms. These algorithms cannot be improved or their accuracy assessed unless there are simultaneous observations of  very accurate in situ and satellite data.

Reprocessing of satellite observations should be considered on a regular basis to account for improvement in processing algorithms and generation of level 1b products.

Efforts to use the operational environmental satellite observations over the past decade or more have resulted in a set of recommendations that have recently been formalized as the GCOS Climate Monitoring Principles, which should be strictly adhered to.
3.
Summary

The following key points summarise the SOG on Monitoring Climate Change:

· GSN and GUAN observations provide the backbone for analyses of large-scale climate change, but need to be augmented by denser national and regional networks and by additional long-term monitoring of atmospheric trace gases, solar output and aerosols.

· Improvements are needed in systematic observation of terrestrial parameters.

· The requirements for data for monitoring climate change and detecting and attributing trends are entered in the CEOS/WMO data base in terms of accuracy and bias for all relevant variables.

· Homogeneity and completeness of records are vital for all studies of long-term climate change. Detailed metadata are needed for accurate assessment of long-term homogeneity. The GCOS Climate Monitoring Principles should be adhered to for all systems and measurements.

· Existing reanalysis products are not adequate for producing climate trends that can be considered reliable.

S.3
[Draft] Statement of Guidance for Monitoring Climate Variability

Background


This Statement of Guidance (SOG) is being developed through a process of consultation to document the observational data requirements to support monitoring climate variability. It is expected that the statement will be reviewed at appropriate intervals to ensure that it remains consistent with the current state of the relevant science and technology.

1.
Introduction

Climate variability exhibits large differences depending on the parameters affected and the regions of the globe. The most common measures of local variability involve precipitation and temperature. Seasonal average temperature and precipitation show significant variability in most regions of the planet, and can have marked effects on local and regional economies. Multi-seasonal anomalies are less common, but have even stronger effects on society. Multi-year anomalies are still less common, but can have devastating social and economic consequences. 

WMO monthly CLIMAT messages are a key source of observations for surface climate variability studies. 

As daily (and hourly) data have become available for analysis, it has been found that the frequency of occurrences of temperature, precipitation and wind extremes also exhibit variability on seasonal and longer time scales. Because extreme events can cause significant damage as well as loss of life, these aspects of climate variability are also very important to society. The importance of sharing daily data, so that these types of climate impact studies can be carried out with uniform procedures globally, cannot be overemphasized. Nevertheless, it has been much more difficult to create global data sets of daily data than of monthly data. A representative, although thus far limited, database of daily data is being assembled through the GSN archive (World Data Centre for Meteorology - Asheville), and other partial databases exist.   

Regional climate anomalies can occur broadly over a large territory or can be quite strongly confined to local areas.  Only with high spatial resolution of observations is it possible to obtain the accurate measures of regional climate variability that are of greatest impact to local society. Again, sharing daily and hourly information from the greatest number of regional observing sites is essential.


Climate variability can obscure or enhance underlying trends; therefore a correct assessment and understanding of climate variability is fundamental to the monitoring, detection and attribution of climate change and for understanding causes of the impacts of climate change.


The GCOS Climate Monitoring Principles must be adhered to when planning, developing and operating all observing systems relevant to climate change, including both in situ and satellite-based systems.

Recurring patterns of climate variability

There are a number of global-scale patterns of recurring climate variability. These involve shifts or large variations in the large scale atmospheric circulation. The most familiar of these is the El Nino-Southern Oscillation phenomenon (ENSO). Regional temperature and precipitation anomalies in the tropics from East Africa to eastern South America can be strongly associated with the state of ENSO; the warm phase typically brings heavy rains to the islands of the central Pacific and NW South America and dry conditions to the Maritime Continent, while the cold phase brings heavier rains to the eastern equatorial Indian Ocean. There are also mid-latitude regional climate variations associated with ENSO in the US, Australia and elsewhere. ENSO events tend to occur one-to-three times per decade and persist for roughly one year.

Other prominent regional patterns of climate variability include the Pacific Decadal Oscillation (PDO) and its Pacific-wide extension, the Interdecadal Pacific Oscillation (IPO); the North Atlantic Oscillation (NAO); the Arctic Oscillation (AO); and the Antarctic Oscillation (AAO). These have been clearly identified in the historical record and each is associated with significant regional climate anomalies. There are many other, smaller-amplitude anomaly patterns throughout the world whose structures and regional climate anomalies are under intensive study at present. These various patterns differ greatly in frequency of occurrence and duration of a high-amplitude condition.

The regional climate variability of any particular season is typically made up of two parts: internal ‘chaotic’ variability in the atmosphere, and interactions with regional and often global oceanic and land-surface conditions. Other factors may prove to be of consequence, such as the influence of increasing greenhouse gases on variability, but remain to be identified for each region.

2.
Data Requirements

2.1
Recurring Patterns of Climate Variability

Typically, these recurring patterns have been identified through analysis of the global surface data sets augmented by upper-air data, including reanalyses. The quality of global surface data sets is crucial for climate research and climate forecasting and for identification of the regional impacts associated with each recurring pattern of climate variability. Observations of marine surface conditions, particularly sea surface temperature, sea level pressure and winds, form the bulk of the most commonly used historical ocean data set. Land-surface observations of air temperature, pressure, and precipitation form the bulk of the historical land data set.

At present, global surface data sets permit identification of the above patterns of recurring climate variability, but there may be other patterns of global or regional importance, particularly outside the mid-latitude northern hemisphere, that have not yet been identified because of the limitations of the long term global data sets.

2.1.1
Surface data

Significant shortcomings exist in each of the surface data sets. Spatial coverage and accuracy in each parameter of interest needs to be improved. The GCOS GSN network is not operating to full expectations, its historical data have not been provided to the appropriate World Data Centre, and in some cases the observations have not been made in accordance with the GCOS Climate Monitoring Principles. All of these issues are being addressed by the WMO CBS and GCOS.   

The global surface marine data set produced by the WMO Volunteer Observing Ship (VOS) program has significant limitations. As access to marine weather forecasts and satellite imagery has increased, marine vessels increasingly adjust their course to avoid severe weather or to gain winds and seas favourable to their passage, thereby introducing biases. The quality of VOS SST observations is also too often problematic; biases associated with particular vessels can occasionally exceed 3 degrees C and reporting is not as careful as is needed. A programme is underway (VOSClim) to increase the accuracy of marine observations from about 200 marine vessels, but improvements to the quality of all marine vessel observations is needed. Quality SST observations are provided by surface drifting buoys (which can also measure SLP) and these are increasingly the reference SST information when a drifter is present in the region of interest. Recent recommendations to launch over 100 drifting buoys monitoring sea surface and air temperature and pressure in the Southern Ocean should be implemented.

Marine vessel surface pressure and surface wind coverage are inadequate outside of northern hemisphere middle-latitudes. Surface drifters can provide acceptable quality SLP data, but need to be deployed globally to provide the needed coverage. Surface vector wind coverage is also inadequate, and observations from ships may be affected by the ship’s structure or be based on subjective assessments of sea state. Satellite observations of surface vector winds are now proven, and an operational commitment to such sensors is needed. 

Continued high-quality surface observations of land and marine temperature and pressure, precipitation over land, and winds over the ocean, are key to extension of the existing climate analysis data record. While monthly data may be adequate to assess the large scale patterns of variability, daily data and, for precipitation, hourly data are required to determine the impact these patterns have on extremes (which are very important to human and natural  ecosystems). High-quality national (e.g. Reference Climate Stations) and regional networks must be maintained. It would also be highly desirable to have accurate observations of near-surface humidity everywhere, of precipitation over the ocean, and of winds over the land. At present, many data that are thought to be collected do not make their way to the global data centres; much could be gained if all data were shared with the data centres.

2.1.2
Upper-air data

The global upper-air data set is not adequate in density or quality for the desired studies of the free-atmospheric manifestation of the recurring patterns of climate variability. The GUAN network of upper-air stations needs to be fully implemented as a minimal baseline for climate studies and model forecast evaluation. Additional upper-air data will be needed to support global climate data assimilation adequate to diagnose the processes at work during particular climate events.

Upper-air measurements of temperature, wind and humidity continue to be needed. Only with them will it be possible to continue the historical record; to permit study of the mechanisms that may be responsible for the recurring patterns of climate variability; and to permit evaluation of the skill of climate model simulations and forecasts. Homogeneous radiosonde data for the troposphere and stratosphere should be complemented by consistent infrared, microwave and Global Positioning System (GPS) occultation retrievals of temperature and humidity from satellites.

2.1.3
Reanalyses

Atmospheric reanalyses have a key role in monitoring, analysing and probing the processes underlying climate variability. As improved models are developed, new reanalyses should be done using the most complete and homogeneous global data available. Model biases affect data-sparse regions in particular, so the effects of the unavailability of major observing systems (e.g. satellites) in past years should be monitored carefully.

2.1.4
Predictability and data

At present some predictability of ENSO has been demonstrated, but the predictability of the other recurring patterns of climate variability is not clear. The data requirements for ENSO forecasting appear to be reasonably well-served by the ENSO observing system; the additional salinity information that will be provided by the Argo array is expected to improve forecast skill.  Additional work on the data input sensitivity of ENSO forecast skill is ongoing.

Skill in forecasting the global seasonal SST and sea-ice distribution, irrespective of their decomposition into the recurring patterns of climate variability, remains limited. But considerable effort is being expended to identify the pathways to improved forecast skill (see also the SOG for SIA forecasts). 

2.2
Shorter-duration events (fires and volcanoes)


Some events of shorter duration merit attention as being of climate significance. Major volcanic events (those which influence the stratosphere significantly) and major fires fall in this category. These events affect climate through the introduction of aerosols into the atmosphere and through land-surface changes, which can have major air-quality consequences and may create regional atmospheric circulation anomalies. At present, the observing system for atmospheric aerosols is inadequate to provide the desired information about global tropospheric and stratospheric aerosols. A combination of satellite and in situ data will be needed to permit characterization of the anomalies in the atmosphere introduced by large-scale fires and major volcanoes.


The combination of recurrent climate variability patterns and short-term chaotic atmospheric variability leads to extreme weather events, which can have severe human and economic impacts. Accordingly, to monitor climate variability, data on extreme events are essential. Important phenomena to be monitored include tropical and mid-latitude cyclones, heat waves, frost, floods and droughts. Therefore daily data are needed and, ideally, hourly precipitation data (in fact, for urban flooding, minute-by-minute data are needed). In addition, the social, economic and environmental impacts of extreme events, and of longer-term anomalies, need to be recorded as systematically and objectively as possible.

3.
Summary

The existence of recurring patterns of climate variability is well established. Regional seasonal climate anomalies in some regions are often associated with particular recurring patterns of atmospheric circulation. Surface climate anomalies typically occur through a shift in the probability distribution of the atmospheric circulation anomalies. The presence of significant amplitude in one or several recurring atmospheric patterns in the same season often tends to enhance a regional climate anomaly. Thus in many regions it is important to take account of the amplitudes of several such patterns. The predictability of the many recurring patterns, apart from ENSO, is still being explored.

Continuing research into the regional climate impacts associated with climate events requires continuing collection and dissemination of both surface (land and marine) and upper-air observations. The digitization and ‘rescue’ of the many past surface temperature, surface pressure, surface precipitation and surface wind data that exist are of particular interest for extending the length of the existing historical record. It is also particularly important to continue the collection of such surface data and upper-air observations of temperature, pressure and humidity to extend the record into the future for monitoring climate variability, for studies into possible mechanisms responsible for the recurring patterns of climate variability, and for evaluating the skill of seasonal forecasts.

A range of specific observing system requirements is identified above. These requirements overlap substantially with those in the Statements of Guidance for Seasonal-to-Interannual Forecasts and for Monitoring Climate Change.

Annex II

IMPLEMENTATION PLAN FOR 

THE GLOBAL OBSERVING SYSTEM FOR CLIMATE

IN SUPPORT OF THE UNFCCC

List of Actions (left column) and ‘Agents for Implementation’ (right column) 

for which ‘Agents’ involve technical commissions in general 

and CBS and/or the WMO Space Programme in particular
1. Actions including technical commissions in general (total: 5)

C11

	Prepare the data sets and meta-data, including historic data records, for climate analyses and reanalyses.
	Parties with the International Data Centres (e.g., WDCs), working together with technical commissions and the scientific community.


C18

	Develop standards and procedures for meta-data and its storage and exchange.
	International technical commissions with scientific advisory bodies.


C19

	Ensure timely, efficient and quality-controlled 

flow of all ECV data to International Data Centres.
	Parties with coordination by appropriate technical commissions and international programmes.


C20

	Ensure that data policies facilitate the exchange and archiving of all ECV data.
	Parties and international agencies and appropriate technical commissions and international programmes.


C21

	Develop modern distributed data services that 

can handle the increasing volumes of data and which can allow feedback to observing network management.
	Parties’ national services committing to International Data Centre operation and high data volume providers such as Space Agencies through appropriate technical commissions and international programmes.


(2) Actions including CBS explicitly (total: 14)

A1


	Detailed analysis of causes of GSN faults, 

followed by full implementation of the GSN.
	National Meteorological Services, in coordination/cooperation with WMO CBS, with advice from the AOPC.


A2

	Obtain major progress in implementation and systematic operation of the full WWW/GOS 

RBSN in compliance with the GCMPs.
	National Meteorological Services, in cooperation/coordination with WMO CBS, WMO CCl, WMO RAs and WMO WWW.


A3

	Apply the GCMPs to all surface climate networks.
	National Meteorological Services, in coordination with WMO CBS, WMO CCl, WMO RAs and GCOS Secretariat.


A4

	Develop guidelines and procedures for the transition from manual to automatic surface observing stations that incorporates the GCMPs.
	WMO CIMO in cooperation with the WMO CCl, WMO CBS, and the GCOS GSN Monitoring Centres through the AOPC and the GCOS Secretariat.


A10

	Ensure availability of 3-hourly mean sea-level pressure and wind speed and direction data from GSN stations.
	National Meteorological Services with coordination from the AOPC, WMO CBS.


A12

	Submit water vapour data from national networks to the International Data Centres.
	National Meteorological Services through WMO CBS and GCOS Analysis and Monitoring Centres with input from AOPC.


A15

	Complete implementation of GUAN, including infrastructure and data management.
	National Meteorological Services operating GUAN stations in cooperation with GCOS Secretariat and WMO CBS.


A16

	Specify and implement a Reference Network of high-altitude, high-quality radiosondes, including operational requirements and data management, archiving and analysis.
	Parties’ National Meteorological Services and research agencies, in cooperation with AOPC and WMO CBS.


A17

	Improve implementation of the WWW/GOS radiosonde network compatible with the GCMPs and in full compliance with coding conventions.
	National Meteorological Services in cooperation with WMO CBS and WMO RAs.


A18

	Submit meta-data records and inter-comparisons for radiosonde observations to International Data Centres.
	National Meteorological Services in cooperation with WMO CBS, WMO CIMO and AOPC. 


A20

	GPS RO measurements should be made ¨

available in real time, incorporated into 

operational data streams, and sustained over 

the long-term.  Protocols need to be developed 

for exchange and distribution of data.
	Space Agencies, in cooperation with CGMS, WMO CBS, the WMO Space Programme and AOPC.


A21

	Develop standards and protocols for exchange of data from the networks of ground-based GPS receivers. 
	WMO CIMO and WMO CBS in cooperation with national agencies.


O34

	Undertake a project to develop an international standard for ocean meta-data. 
	IODE and JCOMM in collaboration with WMO CBS and ISO. 


T10

	Strengthen and maintain existing snow-cover, snowfall observing sites and recover historical data.
	National Meteorological and Hydrological Services and research agencies, in cooperation with WMO CHy, WMO CBS and WCRP, with oversight by TOPC and AOPC.


(3) Actions including WMO Space Programme explicitly (total: 10)

A7

	Ensure stable operation and processing of 

relevant operational satellite instruments for precipitation and the continuity of associated products.
	Space Agencies through CGMS and CEOS with WMO Space Programme and GCOS.


A11

	Ensure continuous operation of AM and PM satellite scatterometer or equivalent observations.
	Space Agencies through CGMS and CEOS with WMO Space Programme and GCOS. 


A20

	GPS RO measurements should be made available in real time, incorporated into operational data streams, and sustained over the long-term.  Protocols need to be developed for exchange 

and distribution of data.
	Space Agencies, in cooperation with CGMS, WMO CBS, the WMO Space Programme and AOPC.


A24

	Ensure continuation of Earth Radiation Budget observations.
	Space Agencies, coordinated through WMO Space Programme, CEOS and CGMS.


A32

	Develop and implement a strategy to enable use 

of satellite data on atmospheric composition for climate by scientific users, regardless of source.
	Space Agencies, in conjunction with CEOS and CGMS, IGOS-P, and WMO Space Programme.


O7

	IGOS-P Ocean Theme Team to publish update 

of the Ocean Theme and, as appropriate, 

restating the satellite requirements and explicitly noting requirements for climate.
	IGOS-P through WMO Space Programme, CGMS, CEOS in consultation with OOPC and GCOS.  


O9

	Ensure a continuous mix of polar orbiting and geostationary IR measurements combined with passive microwave coverage. To link with the comprehensive in situ networks noted in O10.
	Space Agencies coordinated through CGMS, CEOS, and WMO Space Programme.


O12

	Ensure continuous coverage from one high-precision altimeter and two lower-precision but higher-resolution altimeters.
	Space Agencies with coordination through CGMS, CEOS, and WMO Space Programme.


O23

	Ensure sustained satellite (microwave, SAR, visible and IR) operations: improve the in situ observations from sea-ice buoys, visual surveys (SOOP and Aircraft), and ULS. Implement observations in the Arctic and Antarctic.
	Parties’ national services, research programmes and Space Agencies, coordinated through the WMO Space Programme, IGOS-P Cryosphere Theme, CGMS, and CEOS; National services for in situ systems coordinated through JCOMM.


T21

	Implement globally coordinated and linked data processing to retrieve the directional hemispherical reflectance factor (or black sky albedo) from geostationary satellites on a daily and global basis from archived (and current) satellite data.
	Space Agencies, through the CGMS and WMO Space Programme.


Annex III

Preliminary comparison of Recommendations of the EGOS-IP (WMO/TD No. 1267) and the GCOS IP

	EGOS-IP Recommendation
	Relevant GCOS IP Action(s)/Section(s)

	S1
	C10; 3.4

	S2
	A9, A11

	S3
	A11, A19

	S4
	A19

	S5
	A7

	S6
	A13

	S7
	A11

	S8
	O13

	S9
	A24

	S10
	(A17)

	S11
	A7

	S12
	A20

	S13
	A7, A22, A23

	S14
	O16; 4.6, 6.4

	S15
	ECV Sea State, ECV Sea Ice

	S16
	A31, A32

	S17
	A23, (A22)

	S18
	

	S19
	A25, A29

	S20
	

	G1
	C19, C20

	G2
	C18, C19

	G3
	A15, A16

	G4
	A17

	G5
	A16

	G6
	C19, A16, A30

	G7
	

	G8
	A15, A17

	G9
	

	G10
	

	G11
	

	G12
	

	G13
	A20, A21

	G14
	4.2

	G15
	O38

	G16
	O10

	G17
	O10

	G18
	O26, O27

	G19
	O23

	G20
	A15

	G21
	A4

	G22
	4.6, 5.5

	N1
	

	N2
	4.6, 5.5, 6.4

	N3
	

	T1
	C3, C5; 2.6


ANNEX IV

APPENDIX VIII from ET-SAT-1, 5-9 December 2005

Suggestions on the GCOS Implementation Plan for consideration by GCOS JPO

Key Action 10:  Parties need to ensure that their climate-observing activities which contribute to GCOS adhere to the GCOS Climate Monitoring Principles.
Comments: space agencies and satellite operators should adhere to the GCOS climate monitoring principles relevant to the satellite observations.

Key Action 14: Parties need to: (a) ensure the continued operation of satellite measurements of the Earth radiation budget and solar irradiance (e.g., the NASA Earth Radiation Budget Experiment); and (b) support research to extend and improve current capabilities for monitoring clouds as a high priority.
Comments: (a) operational space agencies should seek to achieve that at least 1-2 operational satellites carry an Earth radiation budget and solar irradiance instrument with high accuracy, and ensure data continuity; (2) space agencies should pay high attention to onboard calibration system of VIS/IR instruments, which enable instrument measurements to achieve reliable and comparable cloud data sets reflecting cloud property changes.

Key Action 15: Parties need to: (a) fully establish a baseline network for key greenhouse gases; (b) improve selected satellite observations of atmospheric constituents; and (c) extend existing networks to establish a global baseline network for atmospheric optical depth.
Comments: Space agencies should give high attention to the transition of the relevant atmospheric constituents measurement instruments with adequate accuracy to operational use. 

Key Action 23: Parties are urged to adopt an internationally coordinated approach to the development of integrated global climate products and to make them accessible to all Parties.  As far as possible, these products should incorporate past data covering at least the last 30 years in order to serve as a reference for climate variability and change studies.
Comments: The traceability of all the satellite observation (e.g., calibration change and sensor onboard degradation, orbital elements, instruments specification change, etc) are key issues for the establishment of the long-term product records.  Space agencies are encouraged to try their best to provide all the historical satellite observational data parameters for the past and current satellite systems, and try their best to keep stable satellite observations (orbital draft control, stable onboard calibration, less sensor degradation, etc.) for the future satellite missions.
Annex V

CBS/GCOS Expert Meeting on the Coordination of the GSN and GUAN

Second Session, Asheville (USA), 28-30 September 2005

RECOMMENDATIONS

The second CBS/GCOS Expert meeting on the Coordination of the GSN and GUAN

proposed the following actions to be taken to improve the availability and quality of GCOS

atmospheric data. The meeting recommended that:

I. Recommendations by Regional Rapporteurs/Coordinators on Regional Aspects of

the GOS

(i) Each Region be invited to consider incorporating responsibility for co-ordinating the delivery of GCOS requirements to the existing Rapporteurs/Coordinators on Regional Aspects of the GOS, though it was recognised that Regional Associations may elect to appoint a separate Regional Rapporteur/Coordinator for the GCOS. [Action: CBS Rapporteur for GCOS matters]

(ii) GCOS Secretariat, and CBS Lead Centres for GCOS data, inform Rapporteurs/ Coordinators on Regional Aspects of the GOS (and regional GCOS rapporteurs when elected) on the information/requests being sent to National Focal Points for GCOS data, so they be involved in helping to resolve issues. [Action: CBS Lead Centres and GCOS secretariat].

(iii) The CBS Lead Centres for GCOS data be encouraged to use the questionnaire developed by JMA as a guideline for further investigation in the availability of reports from GSN and GUAN networks, and the reasons for underperformance. [Action: CBS Lead Centres for GCOS data]

(iv) GCOS, through the AOPC, consider reviewing the existing minimum and target

requirements for upper air observations in terms of spatial resolution, frequency and quality,

and recommend, if considered necessary, a revised but realistic targets (based on scientific

evidence and technological capabilities). Clear requirements are essential in a cost benefit

analysis necessary to gain and sustain the required resources. [Action: AOPC/AGG]

(v) Taking into account that CBS has already developed and distributed a plan for the

migration to table-driven codes (CREX and BUFR) and established within its OPAG-ISS the

ET on Migration to Table–driven Code Forms (ET-MTCF), GCOS, CBS Lead Centres and

GCOS Monitoring Centres coordinate monitoring exercise with the ongoing migration process.

[Action: GCOS secretariat, CBS Lead Centres, GCOS Monitoring Centres, ET-MTCF]

(vi) Taking into account the results of survey on the possible impact of the replacement of

certain RSO systems initiated by CBS, GCOS, continue the accepted task of funding the

replacement of equipment at some GUAN stations. [Action: GCOS secretariat]

(viii) WMO and GCOS continue to organise Sub-Regional Training Seminars on CLIMAT and

CLIMAT TEMP reporting to help Members understand the implications of GCOS

requirements, provide training in delivery and support to the existing network and upgrade

plans. The next Workshop should be in Region III (South America). [Action: WWW, WCP,

GCOS secretariat]

(ix) Experts continue to visit countries that have GCOS network-related problems. [Action:

GCOS secretariat, WWW]

(x) Entries in the list of National Focal Points for GCOS Data be reviewed on an annual basis.

[Action: WWW, in collaboration with CBS Lead Centres and Rapporteurs/Coordinators on the

Regional Aspects of the GOS]
II. Specific recommendations by the Regions

(RA I, agenda item 3.2)

(i) Emphasis be given to the revitalization of GSN and GUAN stations, particularly in west and

central Africa, in accordance with the GCOS Regional Action Plan. [Action: GCOS and

partners]

(ii) A full TSP be implemented to support GUAN, GSN stations in west and central Africa, in

order to increase availability of CLIMAT messages. [Action: GCOS and partners]

(iii) The telecommunications facilities for the exchange of climate information in the region be

improved/upgraded. [Action: WWW]

(RA II, agenda item 3.3)

See section I. item iii. above.

(RA III, agenda item 3.4)

(iv) The importance of a TSP for RA III be emphasized, and the regional training seminar be

organized on CLIMAT and CLIMAT TEMP reporting and telecommunication (see section I.

item viii. above). [Action: WWW, WCP, GCOS secretariat]

(v) Support of international entities be obtained to assist countries of the region, for

maintaining their stations in operation and to increase the number of them, in accordance with

the GCOS Regional Action Plan for South America. [Action: GCOS and partners]

(RA IV, agenda item 3.5)

(vi) Emphasis be given to the revitalization and support particularly in Mexico, Central America

and the Caribbean countries of GSN and GUAN stations in accordance with GCOS Regional

Action Plan. [Action: GCOS and partners]

(The Antarctic, agenda item 3.6)

(vii) GCOS provide a document describing its needs and requirements in the Antarctic, to a

coordination meeting on Antarctic meteorology and related IPY activities taking place in

St Petersburg (21 – 23 November 2005). [Action: GCOS secretariat]

III. Recommendations from the WWW study

(i) Operational staff at the compiling centres and at the CLIMAT reporting stations be trained in

applying the WMO standards for the presentation of the CLIMAT and CLIMAT TEMP reports

and bulletins, e.g. by using the CLIREP software. For this purpose, the regular evaluation of

the collected bulletins should be done. The National Focal Points for GCOS data should be

informed interactively about deficiencies in the bulletins from their countries. It is necessary to

address this issue in the regional and sub-regional workshops. [Action: WCP and WWW,

GCOS secretariat]

(ii) WMO standards to improve the quality and reliability of the CLIMAT and CLIMAT TEMP

bulletins be re-considered, taking into account the advantages in using computers for coding

and decoding the meteorological data. [Action: WCP and WWW]

(iii) WMO Members and WMO Secretariat share the responsibilities to further monitor the

presentation of CLIMAT and CLIMAT TEMP bulletins, using in particular the SMM data, and to
further undertake the follow-up actions to overcome the deficiencies. Automatic detection of

the deficiencies in the SMM bulletins should be envisaged. [Action: WCP and WWW].

(iv) Finally, financial support be found from the WMO budget and from the international

community to continue and expand the activities in improving the quantity and quality of the

CLIMAT and CLIMAT TEMP reports from the observing stations, e.g. in order to implement

recommendation III. iii. above. [Action: WCP and WWW]

IV. Coding and routing of GCOS data over the WIS-GTS

(i) When experiencing difficulties in the reception of data from the GTS, the GCOS Monitoring

Centres should contact the GTS centres, which they are connected to. WMO Members

operating RTHs have designated RTH focal points (see http://www.wmo.int/web/www/ois/oishome.htm, then Volume C1 and then click on List of RTH Centres and MTN Centres). The Expert Team on GTS-WIS Operations and Implementation (ET-OI) of the CBS OPAG-ISS was tasked by CBS to Monitor the GTS-WIS operational information flow and coordinate management of operational information exchange procedures, routing and traffic. [Action: GCOS Monitoring/Analysis Centres]

V. Recommendations by GCOS Monitoring /Analysis Centres and CBS Lead Centres for

GCOS data

Responsibilities of CBS Lead Centres and Monitoring/Analysis Centres:

In order to make the CBS Lead Centre activities more effective, their responsibilities be

partitioned as follows:

(i) CBS Lead Centres for GCOS data and GCOS Monitoring/Analysis Centres coordinate

their activities, including the assessment of data receipt results. [Action: CBS Lead Centres for

GCOS data, GCOS Monitoring/Analysis Centres]

(ii) No global lead centre;

(iii) Division of responsibilities between CBS Lead Centres (within WMO Regions/sub-regions)

be the following:

JMA (GSN): Region II, including Republic of Korea, China, Mongolia, India, Sri Lanka,

Nepal, Myanmar, Viet Nam, Bhutan, Laos, Thailand, Cambodia, Bangladesh, Maldives;

Australia (GSN & GUAN): Region V, including Indonesia, Singapore, Malaysia,

Philippines;

Iran (GSN & GUAN): Region II (western part, not including Russia), start with

neighbouring countries;

NCDC (GSN & GUAN): all other Regions/sub-regions.

(iv) Contacting countries for improvements in real-time data quantity and quality

Japan, Australia and Iran each do this for their region and within their remit (see iii) and

NCDC address the rest of the world.
(v) Monitoring/Analysis:

• GSN data quality and quantity reports be continued by the combined JMA/DWD GSN

Monitoring reports;

• GUAN CLIMAT TEMP (monthly summaries) monitoring be continued by the Met Office,

Hadley Center;

• GUAN TEMP reports (individual soundings) monitoring be continued by ECMWF;

• GSN and GUAN historical data monitoring (which will include up to current but not duplicate

the monitoring centers’ reports) be done by NCDC;

• Centres accomplish monitoring and analysis of CLIMAT, TEMP and CLIMAT TEMP

messages only.

(vi) Contacting countries for historical data:

Actively done by NCDC only, although other Lead Centers will mention this during their

contacts and refer the countries to Mr Hammer at NCDC; regarding process, NCDC’s requests

for historic data follow the order (e-mail preferred; then faxes):

1. National Focal Points for GCOS,

2. Other Lead Centres,

3. Regional rapporteurs/coordinators for the GOS/GCOS.

(Hadley centre, agenda item 4.5)

(vii) The provision of CLIMAT TEMP bulletins be supported, since they are still used in the

generation of some climate products. RTH Washington will routinely produce CLIMAT TEMP

messages when requested by the operating country.

(viii) Follow-up meeting

A follow-up meeting is proposed for the spring of 2006, tentatively to be held in Geneva. A

discussion of the cooperation between TSPs and Lead Centres should also be part of the

agenda for this meeting.
� Draft version 1.1 available at � HYPERLINK "http://www.wmo.int/web/gcos/gcoshome.html" ��http://www.wmo.int/web/gcos/gcoshome.html� 


� UNFCCC Decision 5/CP.10 (December 2004), paragraph 5: “[The Conference of the Parties…] invites Parties that support space agencies involved in global observations to request these agencies to provide a coordinated response to the needs expressed in the [GCOS] implementation plan”









