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GCOS Atmospheric Data Availability and Exchange

(Submitted by the Secretariat)
	Summary and Purpose of Document

The document presents a summary of the study undertaken by GCOS related to the climatological data availability and their exchange in GCOS Atmospheric networks.  The purpose of the document is to inform the MG on major results and proposals of this study that are of interest to the activities of the OPAG-IOS and OPAG-ISS. 



ACTION PROPOSED

The MG is invited to consider the above information and decide upon appropriate arrangements on how to coordinate efforts in addressing problems and challenges encountered in data acquisition and exchange in GCOS Atmospheric networks.  


______________

Reference:
The final report of CBS-XIII (St. Petersburg, 23 February-3 March 2005), PINK 5.1

Appendix:
The excerpts from the Analysis of Data Exchange Problems in Global Atmospheric and Hydrological Networks, GCOS-96, WMO/TD No.1255, February 2005

DISCUSSION

1.
CBS-XIII welcomed the development, under GCOS leadership, of the Implementation Plan for the Global Observing System for Climate in Support of the UN Framework Convention on Climate Change.  The Commission noted that the Plan called for some 131 actions needed over the next 5 to 10 years to address the critical issues related to global observing systems for climate, namely:  improving key satellite and in situ networks for atmospheric, oceanic and terrestrial observations; generating integrated global climate analysis products; enhancing the participation of least-developed countries and small island developing states; improving access to high-quality global data for essential climate variables; and strengthening national and international infrastructure.  It furthermore noted that many of the actions involved the Commission and/or the WMO Space Programme explicitly as an ‘Agent for Implementation’.  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 Essential Climate Variables (ECVs) by developing countries.  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 the GCOS and elements of the Implementation Plan for Evolution of Space-and Surface-based subsystems of the GOS.  

2.
In the light of the requirement to address the data exchange and access issues highlighted in the Implementation for the GCOS, a study was further undertaken which focused primarily on the global data archive and monitoring centres associated with the GCOS baseline networks dealing with in situ  atmospheric ECVs.  The results of this study was published by GCOS as WMO Technical Document WMO/TD No. 1255.  Appropriate parts of the TD directly related to the OPAG-IOS and OPAG-ISS activities are reproduced in the Appendix to this document.  The MG is therefore invited to consider information contained in the appendix and decide upon arrangements on how to coordinate efforts in addressing problems and challenges encountered in data acquisition and exchange in GCOS Atmospheric networks.

_______________

Appendix 

The excerpts from the Analysis of Data Exchange Problems in Global Atmospheric and Hydrological Networks, GCOS-96, WMO/TD No. 1255, February 2005
3.1
Data Exchange in Atmospheric Networks

3.1.1
GCOS Surface Network

Essential Climate Variables: Surface air temperature, Precipitation, Surface air pressure

Archive/Lead Centre - US National Climatic Data Center/World Data Centre for Meteorology
The US National Climatic Data Center (NCDC) is the archive centre for the GCOS Surface Network (GSN) and GCOS Upper-Air Network (GUAN), as well as being a WMO/CBS lead centre for GSN and GUAN data. Its responsibilities include contacting countries with the purpose of obtaining historical datasets, digitizing paper records, reformatting received data, overseeing GSN/GUAN monitoring activities (see sections below), and making all received data available.
NCDC undertakes activities to rescue and digitize historical climate records, in order to extend available time series for surface air temperature and precipitation as a part of its Global Historical Climatology Network (GHCN) dataset. This has involved digitizing station history files, old books, maps and paper records. Currently, some historical GSN data for 407 out of the 981 GSN stations worldwide have been made available in response to requests from WMO. Historical data for another 364 GSN stations are available to NCDC from other archival sources. 

Figure  displays the total number of GSN stations in comparison with the total amount of GSN stations for which data are actually available from the GHCN dataset, for mean surface air temperature. Curves for precipitation are similar in shape. The total number of stations belonging to the GSN increased steadily until 1960, when the growth in number reached a plateau near today’s 981 stations. Monthly and daily data holdings increased similarly, with monthly data generally outnumbering daily data until the past decade. The dip in monthly data around 1990 is due to delays in updating the GHCN, which depend on retroactive data compilations, such as the World Weather Records, which are processed in decadal steps (the last one 1991-2000).   The decrease in monthly data around 1970 is mainly due to the suspension of extensive efforts to digitize historical data at that time.  The recovery of monthly data in the mid-1990s can be attributed to facilitated data exchange, following the WMO initiative of CLIMAT (WMO, 1995)
 data transmission over the GTS. 

An overview map of available GSN daily station data in the historical perspective is shown in Figure , bearing in mind that it is acknowledged that daily synoptic data generally does not adequately replace monthly climate data (CLIMAT reports, mainly for reasons of data quality. Usually, however, stations that regularly send daily SYNOP data (WMO, 1995) also report adequately on a monthly basis.  Figure  gives a similar picture, but for each station, weighs the amount of data in the data archive against the potential amount of data available for each station, derived from the number of years of operation.

Data can be ordered through NCDC’s website
. A new version of the website is due to be completed by September 2004.

For stations sending daily (SYNOP) data to the data archive centre, but not the desired monthly (CLIMAT) data, activities are underway within the World Climate Programme (WCP) and World Weather Watch (WWW), in coordination with GCOS, to improve this situation. These include the detailed checking of errors and automating the process of preparing CLIMAT messages by appropriate data processing software. 
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Figure 2:  
Historical daily and monthly mean surface air temperature data for GSN stations
available from the NCDC GHCN dataset. ‘Estimated Potential’ (upper line) is the total number of GSN stations existing historically, while the monthly data (middle
line) and daily data (lower line) are stations for which data are actually available
from NCDC. The drop in monthly data in the 1990s is mainly caused by delays in
updates of the GHCN data archive.

Problems and challenges are as follows, including some suggested remedy options:

(1) Lack of resources at data archiving centre to rescue and archive climate data 

Many historical climate records are not widely available, due to a lack of demand, interest, or human and technical resources. Substantial effort is required to contact countries for historical data records and convince them to release their data. Progress is being made, but slowly. Explicit requests have to be issued to countries by WMO and its lead centres (e.g., NCDC), for the release of climatological data, which are otherwise not distributed freely. National points of contact are being identified, but not all countries have done so. More resources for establishing and maintaining contact with countries are urgently needed. In addition, resources are required to harmonize and organize daily and monthly GSN data available from different sources and in different formats into the data archives.
(2) Restriction of data access to special interest groups

Many countries do not regularly submit climate data to NCDC. In some cases, bilateral agreements between national organizations and NCDC have proved quite successful in getting data released.  Progress is slow, however. Obtaining data over a region in many cases requires great effort to contact countries individually, and data release is sometimes restricted to specific purposes. Currently, a joint WMO Commission for Climatology/CLIVAR Expert Team for Climate Change Detection, Monitoring and Indices, in cooperation with IPCC and GCOS, is working with scientists to develop a set of indices for analyses of climate extremes. These indices will be calculated using national data, analyzed on a regional basis and then synthesized into a true global analysis for use in the next IPCC Assessment.

(3) Lack of human, financial and technical resources in countries, or at stations, to rescue data through digitizing paper records and quality-controlling and archiving the data.
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Figure 3:
GSN time series data availability using all NCDC can provide. This includes data from the official GSN archive, Global Daily Climatology Network, long-term data from bilateral agreements, and from synoptic reports sent over the Global Telecommunication System (GTS; often incomplete). Some stations provide more than 100 years worth of data, calculated from 1880 on.

Figure 4: 
GSN potential data availability using all NCDC can provide. This includes data from the official GSN archive, Global Daily Climatology Network, long-term data from bilateral agreements, and from synoptic reports sent over the GTS (often incomplete). The map considers for each station the availability of data from NCDC relative to the complete data time series from the beginning of observations.
Monitoring Centres – Japan Meteorological Agency (JMA) and Deutscher Wetterdienst (DWD)

The GSN monitoring function is being split up between JMA (CBS Lead Centre for GSN; temperature data monitoring) and DWD (CBS Lead Centre for GSN; precipitation data monitoring). Both institutions supervise the regular submission of all global climate data from the GSN stations via the GTS. The data, which are required to be provided in the CLIMAT data format (WMO, 1995), consist of historical records which can be complemented by near-real-time data. Surface air temperature and precipitation quantities are coded within the CLIMAT reports. 

Timeliness and completeness of the submitted datasets is being checked, and non-reporting stations flagged. A well-defined consistency and quality control processing chain, including manual interaction and automated steps (e.g., the FORMCHECK format verification software), ensures high quality of data and allows regular public issuing of network performance indicators and charts on the internet. The CLIMAT monthly report reception rate, according to JMA, amounts to 55% in early 2001, which improved to 65% in late 2002. In terms of submission time, 51% of all reports are being received by the 8th day of each month for the previous month, as laid down in the operating principles, whereas by the 20th day, 60% could be confirmed recently. Generally, the GSN monitoring centres give higher priority to the completeness of station records than to their timely receipt. 

Problems and challenges are as follows, including some suggested remedy options:

(1) Differences in monitoring results between DWD and JMA 

Differences in performance results do exist between the DWD and JMA monitoring centres for comparable sets of CLIMAT reports, although monitoring procedures are expected to be identical (CLIMAT reports represent the standard ASCII data format in which GSN climate data are coded). Further investigations are required to determine the reasons for such differences. For example, a comparison between the CLIMAT bulletins and reports received at both monitoring centres, and the CLIMAT bulletins and reports available on the GTS as a whole should be carried out regularly, in order to ensure a complete and efficient reception of CLIMAT bulletins and reports at the GSN monitoring centres (see section 3.1.3).

(2) Low GSN performance in some regions 

Low reception rates of GSN stations have consistently been noted in Africa (WMO Region I) and Antarctica.

(3) Wrong format of incoming data 

Regular data receipt is often subject to erroneous coding of the CLIMAT reports in terms of the message itself as well as station metadata. Current efforts undertaken by WMO WCP and WMO WWW, in coordination with GCOS, try to address this situation. These include the detailed checking of errors and automating the process of preparing CLIMAT reports by appropriate data processing software

3.1.2
GCOS Upper-Air Network

Essential Climate Variables: Upper-air temperature, Air pressure, Wind speed and direction, Water vapour

Archive/Lead Centre - US National Climatic Data Center/World Data Centre for Meteorology
The US National Climatic Data Center (NCDC) is the archiving and lead centre for the GCOS Upper-Air Network (GUAN). Data receipt and accessibility conditions are comparable to those described in the previous section for GSN data. Attempts to rescue historical data records and make them available by NCDC are a permanent priority. 

Problems and challenges are as follows, including some suggested remedy options:

(1) National reluctance to release data and lack of awareness of the need for historical data for climate purposes (e.g., IPCC assessments, regional impact studies) 

The refusal of certain countries to make the data collected under their auspices available to the global data centre (except possibly for the daily global weather forecast) poses a serious challenge for climate studies. This is partly due to unclear national responsibilities and commercialization issues. For example, an effort led by the Meteorological Service of France (Météo-France) rescued, and digitized, daily synoptic upper-air (and surface) data measured in 14 West African countries (“African database”). The data have not been released in their entirety to the public; to date only four countries agreed to allow free access to these data.

(2) Lack of funding for station operation consumables

In general, regular operation of a GUAN station requires sustained funding for relatively expensive balloon and rawinsonde material for each launch (around USD 200 for the cheapest set of equipment that still allows to comply with GCOS monitoring principles).

Monitoring Centres (UK Met Office Hadley Centre, ECMWF)

The Hadley Centre monitors the monthly data for the GCOS Upper-Air Network (GUAN). Additionally, daily GUAN data are registered and checked by the European Centre for Medium-Range Weather Forecasts (ECMWF).  Automated quality checks are used to determine the need for manual quality checks. Overall, there is indication of a small improvement in the reporting of CLIMAT TEMP reports since 1998. Timely documentation of monthly monitoring results and procedures are made available through a dedicated website.

 Problems and challenges are as follows, including some suggested remedy options: 

(1) Problems in receiving monthly GUAN data

Poor coding of data and missing data are attributed by the monitoring centre to telecommunications failure. The monitoring centre is unable to quantify whether a station is taking data, but not reporting through the telecommunications system, or is simply not operating.

(2) Significant gaps in data coverage

Many stations in Africa, South America and in small island states are not operating routinely due to the high cost of operations, especially consumables. 

(3) Lack of funding for station operation – consumables 

In general, regular operation of a GUAN station requires sustained funding for the purchase of relatively expensive balloons and rawinsondes (around USD 200 for each launch).

3.1.3
Global Observing System (GOS) Regional Basic Climatological Network

Essential Climate Variables: Surface air temperature, Upper-air temperature, Precipitation, Air pressure, Water vapour, Wind speed and direction, Cloud properties  

Monitoring Centres (WMO World Weather Watch)
The backbone of worldwide operational observation and processing of synoptic meteorological data is the WMO World Weather Watch (WWW) Global Observing System (GOS; WMO, 2003)
. It consists of in situ and satellite observing systems, telecommunication centres and systems (i.e., the GTS), and data processing and forecasting centres, which are operated by the WMO Member states. The Regional Basic Climatological Network (RBCN)
 is an approximately 2000-station subset of the synoptic WWW network, which produces CLIMAT and CLIMAT TEMP reports (WMO, 1995)
.  RBCN nominally includes all GSN and GUAN stations, therefore, data exchange issues related to the RBCN are directly relevant to the operation of GSN and GUAN. 

The CLIMAT and CLIMAT TEMP reports issued from the RBCN stations are part of the global set of observational data exchange on the GTS. The CLIMAT and CLIMAT TEMP reports are compiled within bulletins, which are exchanged on the GTS. The GTS consists of an integrated network of point-to-point and multi-point circuits, which interconnect telecommunication centres
. The exchange (“switch”) of bulletins received by each centre with adjacent centres or with point-to-multipoint systems (e.g., satellite distribution systems) is carried out in accordance with predefined tables, so-called routeing catalogues. The WWW centres make arrangements to relay CLIMAT and CLIMAT TEMP bulletins on the GTS in order to satisfy their specific data requirements. These arrangements include the maintenance or updating of the routeing catalogues of the GTS centres for the relay of the required bulletins from the originating centre to the recipient centres. Relays according to routeing tables are necessary, as some bulletins may be received by only one particular GTS centre, but not at others.

Telecommunication centres that deal with CLIMAT and CLIMAT TEMP reports and bulletins are Cairo, Melbourne, New Delhi and Toulouse. Cairo additionally has the function of a pre-analysis centre for these data formats. 

All regional and global telecommunication hubs within the GTS have established data monitoring procedures and algorithms for quality control. To harmonize the performance of these hubs and to detect other failures in data measurement and transmission, the WWW coordinates monitoring exercises of the GOS in regular intervals for all levels of contributing telecommunication hubs, including appropriate feedback mechanisms. Monitoring of the synoptic data quality is key in these monitoring exercises, including the Annual Global Monitoring (AGM) and the Special Main Tele-communication Network Monitoring (SMM)
.

The formats of the WWW operational information were designed to satisfy the requirements of the WWW at a time when there were no relevant ISO standards. The WWW operational information will migrate to a standardized format of metadata and catalogues, based on emerging ISO standards, through the implementation of the Future WMO Information System (FWIS) (see following sub-section). 

Problems and challenges from the WWW perspective with regard to climate data are as follows, including some suggested remedy options:

(1) Insufficient application of WMO standards to climate data

The monitoring of the CLIMAT and CLIMAT TEMP bulletins shows deficiencies in the application of WMO standards in accordance with defined Traditional Alphanumeric Code Forms (FM 71-XII CLIMAT and FM 75-XII CLIMAT TEMP). In 2004, the WMO Secretariat carried out a study that addressed these deficiencies
. The WMO Secretariat informed the WMO Member countries of the deficiencies found for each country and invited them to take appropriate action. Moreover, the WMO Secretariat issued a handbook for CLIMAT and CLIMAT TEMP reporting (WMO, 2004)
, which should guide the WMO Members in preparing and formatting CLIMAT and CLIMAT TEMP reports and bulletins.

(2)  Ensuring the reception of climate data exchanged on the GTS at GCOS centres

The GCOS monitoring and archive centres receive CLIMAT and CLIMAT TEMP bulletins from GTS centres, so-called Regional Telecommunication Hubs (RTH). They should cooperate closely with these GTS centres to improve the reception of the required CLIMAT and CLIMAT TEMP reports and bulletins that are exchanged on the GTS, based on above-mentioned WWW operational information (WMO, 2004). For example, the GSN Monitoring Centres at DWD and JMA should cooperate with relevant RTHs of the GTS (e.g., Offenbach am Main, Tokyo) to identify and receive all CLIMAT reports and bulletins available on the GTS. Moreover, analysis and feedback to the results of the WWW SMM monitoring exercise with regard to GSN-related CLIMAT reports and bulletins are likely to improve the GSN network performance.

(3) Migration of climate data code formats

Specific attention should be given in the coming years to the complete migration of climate data formats transmitted over the GTS. That is, the migration from Traditional Alphanumerical Codes (such as FM 71-XII CLIMAT and FM 75-XII CLIMAT TEMP) to Table Driven Code Forms (e.g., BUFR, CREX) during the period 2005-2010.  This transition period ensures the correct migration of the representation of the data into a Table Driven Code Form, and the reception of the data at the GTS centres in the appropriate format.

Development of the Future WMO Information System

The multiplicity of systems operated for different WMO Programmes has resulted in incompatibilities of information systems, inefficiencies, duplication of efforts and higher overall costs for countries. WMO Congress agreed in 2003 on an overarching approach for a single coordinated global infrastructure for the WMO Programmes, the Future WMO Information System (FWIS)
, with the following main features:

1. FWIS should be used for the collection and sharing of information for all WMO and related


international programmes;

2. FWIS should provide a flexible and extensible structure that would allow the participating centres to enhance their capabilities as their national and international responsibilities grow;

3. Implementation of FWIS should build upon the most successful components of existing WMO information systems in an evolutionary process;

4. FWIS development should pay special attention to a smooth and coordinated transition;

5. The basis for the core communication network should be the present communication links used within the WWW for the high priority real-time data;

6. FWIS should utilize international industry standards for protocols, hardware and software.

The FWIS is intended to bring benefits to the meteorological and hydrological community as a whole and increase the efficiency of their operations. Reviewing the requirements of the different WMO Programmes, the following needs were highlighted:

7. A web-based catalogue, including the necessary metadata information, of all meteorological and related data for exchange to support WMO Programmes is required;

8. There is a need to rapidly access and integrate real-time and non-real-time (archive) data sets to better interpret weather events in a climatological context;

9. There is a need to identify and utilize the potential of data from observation sites established by one Programme to meet the requirements of other Programmes;

10. There is a need to harmonize data formats, transmission standards, archiving and distribution mechanisms to better support inter-disciplinary use of data and products;

11. Standard practices for the definition, collection, electronic archival and exchange of metadata, both high-level and detailed, especially for stations and instruments, are needed.
FWIS will provide an integrated approach to meeting the requirements for routine collection and automated dissemination of observed data and products (“push”), timely delivery of data and products (appropriate to requirements) and ad hoc requests for data and products (“pull”). FWIS will also support different user groups and access policies, such as WMO Resolutions 25
 and 40, as well as network security and the integration of diverse datasets.

Taking into account that information systems technology is evolving rapidly, FWIS will utilize industry standards for protocols, hardware and software.  Use of these standards will reduce costs and allow exploitation of modern communication services, including the ubiquitous Internet and Web services. As an example, a WMO metadata standard, based on ISO standards, is being developed in order to satisfy the requirements of all WMO Programmes
. 

The implementation of FWIS will build upon the most successful components of existing WMO information systems.  It will continue to rely upon the WMO communication system (initially the GTS) to provide highly reliable delivery of time-critical data and products. Multiple data type and communication protocol support, as well as flexible use of communication links will be new features of the FWIS. The FWIS concept can be conceived, in the context of this study, as a major effort by WMO to remedy many blockages in data exchange and data access problems with regard to atmospheric and hydrological data.
__________________
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