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(Submitted by the GCOS Secretariat and Jay Lawrimore, Rapporteur on GCOS matters)
	SUMMARY AND PURPOSE OF DOCUMENT

The document provides an overview on activities in support of implementation of the GCOS Surface Network (GSN), the GCOS Upper-Air Network (GUAN), the GCOS Reference Upper-Air Network (GRUAN).



ACTION PROPOSED


The ICT is invited to take the contents of this report into consideration during its deliberations.

______________

DISCUSSION
1.
GSN and GUAN
The nine CBS Lead Centres for GCOS have been working to improve the performance of the GCOS Surface Network (GSN) and the GCOS Upper-Air Network (GUAN). Their efforts lead to a remarkable improvement in the number of CLIMAT reports received at the GCOS Archive Centre since the first Lead Centre was established nearly eight years ago as shown in Fig. 1. This improvement has resulted from efforts to increase the number of stations in the GSN that submit CLIMAT reports, from identifying and correcting CLIMAT message coding errors, and from troubleshooting issues with the GTS such as out of date routing catalogues. Consequently, the rate of CLIMAT receipt increased to over 80% percent globally, where it seems to level off in recent years. As shown in Fig. 1, the number of CLIMAT messages received at the Archive Centre from GSN sites has remained nearly constant over the last three years. 
A similar “saturation effect” applies to the improvement of TEMP messages from GUAN stations. As shown in Fig. 2, the number of GUAN stations meeting the minimum performance requirements also has been steady to slightly increasing during the last few years.  
However, Fig. 3 illustrates that there are still large differences in the receipt rates regionally with the percentages from Asia (RA II), Europe (RA VI) and North and Central America (RA IV) at about 90 to 95%; 80 to 90% for the South West Pacific (RA V) and South America (RA III); and, 60 to 70% for Africa (RA I).
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Figure 1.  Number of CLIMAT messages received for the GSN at the NOAA/NCDC Lead/Archive Center (Perfect reception = 12 250). 
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Figure 2.  Time series of the number of GUAN stations meeting the minimum performance requirements (the drops at the end of 2008 and 2010 are not real—they reflect a temporary omission in the online version of the IGRA database).
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Figure 3.  Number of CLIMAT messages received via GTS at the GCOS Archive Centre.

About 875 out of the currently 1023 GSN stations have daily data of some kind in the Global Historical Climatology Network (GHCN)-Daily/GSN archive. Daily data have officially been provided for 556 of these sites as part of the GCOS or other bilateral data exchange agreements. Only a small number of the GSN sites are updated regularly through arrangements made by the GCOS Lead Centers (Iran, Estonia, Uzbekistan, Estonia, Cyprus). However, a growing number of stations are updated through bilateral agreements between the lead center (USA, Australia, Canada, Russia) or through web services (China) and regional efforts like the European Climate Assessment and Dataset (ECA&D). Fig. 4 provides a map view of the areas covered by these agreements. Fig. 5 provides a map depiction of the length of daily data records in the GHCN-Daily database for GSN stations as of April 2012.
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Figure 4.  Countries that have an arrangement with the Archive Centre at NOAA/NCDC to provide near real-time or routine updates to the GSN database or that can be updated through web services. Canada, USA, and Australia (blue) provide complete copies of their daily climate databases for inclusion in GHCN Daily.
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Figure 5.  Number of years of data by station in the GHCN-Daily/GSN database as of April 2012.

Work is also underway to produce a second version of the Integrate Global Radiosonde Archive (IGRA), which will enhance pre-1970 spatial coverage and include observations from ships, additional pilot balloon observations and relative humidity. Ninety-two datasets were considered for inclusion in IGRA-2, forty two of which have been reformatted prioritizing pre-1963 collections, filling in data-sparse regions, use of recently digitized data and the needs of reanalysis. The number of stations by year in IGRA-1 and IGRA-2 is provided in Figure 6. 
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Figure 6.  Number of stations by year in IGRA-1 and IGRA-2.
GRUAN

The GCOS Reference Upper-Air Network (GRUAN) is intended to provide long-term high quality climate records of upper-air temperature, water vapour, and other key essential climate variables, particularly in the troposphere and in the lower stratosphere, by a combination of balloon borne and remote sensing state of the art instrumentation, and will constrain and calibrate data from more spatially-comprehensive global observing systems, including satellites and current radiosonde networks (e.g., the GUAN).

The implementation of GRUAN has progressed steadily over the past years and GRUAN data are now flowing through NOAA’s National Climatic Data Centre (NCDC) to data users. The most recent Implementation and Coordination Meeting (ICM), inter alia, highlighted advances in bringing new data streams online within GRUAN and considered potential new sites for inclusion in GRUAN. This latter aspect has been the subject of a dedicated expert meeting, which was held 13-15 June in Fürstenwalde, Germany, close to the GRUAN Lead Centre. GRUAN is envisaged to eventually consist of 30-40 sites. To guide this expansion from the current 15 sites, the workshop brought together experts from the main user communities of GRUAN data to develop the network design and expansion criteria. The outcome of the workshop’s white papers is supposed to be published as peer-reviewed article in the Bulletin of the American Meteorological Society (BAMS). Furthermore, the GCOS Atmospheric Observations Panel for Climate (AOPC) intends to conduct a scientific review of GRUAN's performance starting May 2015, when the network is supposed to be fully established.
Criteria for site assessment and certification, and the process for implementation, have been developed. The first official versions of the GRUAN manual and guide have been finalized and are to be published as GCOS documents. It is expected that specific details of and information on GRUAN from the forthcoming GRUAN Manual and Guide will be included in WMO regulatory material (currently for GOS and CIMO, and ultimately for WIGOS).

The role of WMO in GRUAN governance has been clarified following a meeting held under the auspices of the WMO Integrated Observing System (WIGOS) at WMO Headquarters in January 2012. Representatives of the WMO Technical Commissions (CBS, CIMO, CAS and CCl) are now officially represented at the Working Group on GRUAN, formerly called Working Group on Atmospheric Reference Observations. (The Working Group on Atmospheric Reference Observations has been renamed by the GCOS Atmospheric Observations Panel for Climate at its recent session in May 2012 to clarify that the Working Group’s mandate is limited to guide GRUAN activities and that is not supposed to cover any other reference networks in future.) Further outcome of that expert meeting was that fully compliant GRUAN stations should provide an additional data stream of “near-real-time” data for assimilation in NWP models, which is not to be labelled as GRUAN data product as shown in Fig. 7. The meeting also reviewed the draft GRUAN Manual, and agreed on changes that would be required to improve the alignment of the GRUAN documentation with WMO’s regulatory material for WIGOS. Finally, the meeting discussed and agreed on the GRUAN information that was required to be included in the WIGOS regulatory material, and those parts of the WIGOS documentation that would be affected. The full report from this meeting is available under: http://www.wmo.int/pages/prog/gcos/Publications/gcos155. pdf. 
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Figure 7.  GRUAN data streams

3.
Issues
Daily Climate Messages
Development of the principal measure of the state of the climate – the global temperature record - has extensively depended on monthly CLIMAT data provided by NMSs. Over the last 20 years there has been a growing demand for indices and measures of the climate that also consider extremes (Jones et al. 2012). For many extreme measures, monthly CLIMAT data are insufficient and there is a need for a Daily CLIMAT message. This need is not just for timeliness, but principally for data that is compatible with long historic daily series developed and made available by NMSs.
Attempts have been made to use SYNOP data for this purpose (e.g. by the European Climate Assessment and Dataset, ECA&D) but there are serious issues of incompatibility of SYNOP data with traditional methods of climate measurement within NMSs (see van den Besselaar et al., 2012). The most notable issue of incompatibility is associated with the way that daily maximum and minimum temperature are measured. Principally this is due to the fact that climate observations reflect the maximum and minimum temperatures measured over the previous 24-hour period, while daily summaries provided via SYNOP messages do not.

Daily summaries in SYNOP messages are based on measurements that occur between synoptic reporting times and often over a period less than 24-hours. For instance in Europe minimum temperatures are recorded over the first 12-hour period and maximum temperatures during the next 12-hour period. Measured in this way, the true daily minimum and maximum temperatures are often not reported because they occur outside those 12-hour periods. As a result SYNOP reports have been shown to significantly underestimate extremes. Minimum temperatures measured in this way are often higher than the true daily minimum temperature. Similarly, maximum temperatures reported via SYNOP messages are often lower than the true daily maximum temperature reported as 24-hour climate observation. Similar problems occur for precipitation. As a result, when SYNOP data are used to extend climate series, spurious trends can result. In other regions of the world SYNOP reporting practices can differ but problems remain. In the U.S., for example, the daily maximum and minimum temperature are reported during the 24-hour period ending at 00 UTC while a true climate observation is reported as a midnight-to-midnight local observation.
4.
Recommendations

Retain SYNOP reporting (or its equivalent) for users who will continue to require max/min temps and total precipitation summarized according to the synoptic hours. For climate purposes there is a requirement for daily summaries that are consistent with national climate databases for daily maximum temperature, daily minimum temperature, precipitation, total snowfall, and daily snow depth. Each of these observations should be taken at the observing time consistent with the climate reporting practices of the NMS and reflect conditions over the previous 24 hour period. The climate convention varies from country to country so the desire would be for each country to retain its traditional observing practice in reporting daily climate summaries. For example, while the U.S. is local midnight, Australia is 9 am local, Canada is 06 UTC. These observations can be efficiently provided via daily CLIMAT messages or other methods specifically designed for climate purposes.
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