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GCOS/WCRP Atmospheric Observation Panel for Climate

AOPC-XIII: CONSOLIDATED LIST OF CONCLUSIONS,
RECOMMENDATIONS AND ACTION ITEMS
(Geneva, Switzerland, 23-27 April 2007)
1.

The AOPC recalled that the UNFCCC/SBSTA-23, in December 2005, had requested
that the GCOS Secretariat provide a comprehensive report at its thirtieth session (June
2009), on progress with the GCOS Implementation Plan (IP). It suggested that since the IP
addressed requirements identified in the Second Report on the Adequacy of Global
Observing Systems for Climate, any review should:
(a) assess what new requirements or priorities for climate observations and related
observation-based climate products had arisen since preparation of the Second Adequacy
Report; and
(b) confirm the ongoing requirement for the actions expressed in the IP and report on the
progress made in the execution of these actions.
The Panel also agreed that more specific definitions or guidelines were required for a
number of the key ECVs and recommended that these be provided where possible as part
of the review process.
The AOPC felt that the process for assessing new requirements and confirming the
requirements addressed in the IP should take into account both new scientific
developments and evolving needs such as those expressed by SBSTA relating to impacts,
vulnerability and adaptation to climate change. An important step in this process would be
the GCOS/WCRP workshop on “Future Climate Change and Observations: Learning from
the IPCC Fourth Assessment Report”, to be held in October 2007.
The Panel furthermore suggested that the review of progress on executing actions in the IP
could be undertaken in one or a combination of three ways:
(i) assessment by the GCOS panels, with expert help as needed;
(ii) assessment by the WMO programme most relevant for the action concerned;
(iii) assessment by analysis of the responses of nations to SBSTA’s request for
supplementary national reporting on their implementing actions by September
2008.

2.

The AOPC welcomed the continuing close collaboration between the GCOS
programme and GEO, including the activities underway to prepare for the GEO Ministerial
session in Cape Town in November 2007. It noted the plans to focus on three broad areas
in this regard, namely: several priority actions from the CEOS response to the GCOS
Implementation Plan; GCOS regional development activities, especially the ClimDev Africa
initiative, which are in line with the GEO objectives in capacity building and support to
developing nations; and implementation and/or reinforcement of in situ systems for
atmospheric, oceanic and terrestrial observations with, as examples, the ocean observing
system and the Baseline Surface Radiation Network. The Panel supported this approach
and reiterated its view that successes in GCOS and GEOSS would be mutually beneficial to
both initiatives.

3.

The AOPC endorsed the latest status of the membership and Terms of Reference of its
ad-hoc working groups as presented in Attachment 1.

GSN and GUAN
4.

The AOPC welcomed the report on the activities and progress of the network of CBS
Lead Centres for GCOS data, noting that a total of nine centres had now been identified
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(Australia, Chile, Germany, Iran, Japan, Morocco, Mozambique, UK [for Antarctica] and
USA). It expressed appreciation to all of the Lead Centres for the clear improvement in the
performance of the GSN and GUAN resulting from their work and encouraged them to
continue these efforts.
5.

The Panel noted that none of the regional Lead Centres wished to take on
responsibility for leading the group as a whole at this time and requested that the GCOS
Secretariat continue to provide the needed leadership and coordination in the absence of
alternative arrangements.

6.

The AOPC noted the many activities being carried out by the National Climatic Data
Centre (NCDC) in support of GCOS in its capacity as a GSN-GUAN Monitoring Centre,
Analysis Centre and Lead Centre, and as the GSN and GUAN Archive. It recognized the
dedicated individual and collective efforts required in carrying out these activities and
expressed its appreciation to all those involved in this effort.

7.

The AOPC noted the need to complete the roster of National Focal Points for GCOS
Data and to improve its reliability as a means of contact with individual station operators. It
requested that this need be highlighted at the coming WMO Congress, perhaps through
interventions from the floor and the presentation by the SC Chairman to the session. The
Panel noted the positive impacts of the Lead Centre work toward this end and encouraged
them to continue.

8.

The AOPC requested that the GCOS Focal Points be reminded of the availability of
routine monthly monitoring results for the GSN and GUAN networks through the Web sites
of the relevant monitoring centres and take action to address problems obviously in their
area of responsibility. It suggested that this could best be done through the contacts being
regularly made with the Focal Points by the GSN-GUAN Lead Centres.

9.

The AOPC welcomed the planned participation of Dr Matt Menne (NCDC) in the CBS
OPAG/IOS Expert Team on Evolution of the Global Observing System (ET-EGOS) session
in July, as CBS Rapporteur for GCOS Matters, and requested members and the Secretariat
to cooperate with him as needed in preparation for that session.

10.

The AOPC endorsed the priorities recommended by the Advisory Group on GSN and
GUAN, as detailed in Attachment 2.

11.

The AOPC welcomed the report of the GSN Monitoring Centre and reiterated its
appreciation to the Deutscher Wetterdienst (DWD) and the Japanese Meteorological
Agency (JMA) for their efforts in this role. It noted that substantial progress had been
achieved in harmonizing the reception rates for CLIMAT reports at the two centres, while
recognizing that the overall reporting performance appeared to have stabilized at the level
of only 70% or so. The Panel encouraged the continuation of all efforts to improve this
level of reporting.

12. The AOPC noted the large range of revitalization activities that had been carried out
during the past year with the support of several donors to the GCM, including the US, the UK,
Australia, New Zealand and Spain. It noted with appreciation that only one (of 164) GUAN
station and 31 (of 1016) GSN stations could now be considered to be truly ‘silent’, in the sense
of providing no reports of any kind, and encouraged the continuation of efforts to resolve the
remaining performance impediments.
13.

The AOPC welcomed the plans for a workshop being organized by WMO/CIMO in
Namibia in support of the upper-air activities of African nations and looked forward to
hearing of its outcome at the next session of the Panel.

14.

The AOPC noted the proposal to establish a number of GSN stations in Angola and the
concomitant request for a training programme for local staff to ensure the effective
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operation of this network. The Panel noted that the organization of such training activities
is to a large extent beyond the responsibilities of the AOPC per se, but agreed that
support for such activities might be provided through GCOS in specific cases if funds were
available. The Panel expressed its support for the Angola proposal, within the limit of
available funds, with WMO/CIMO providing the actual training.
15.

The AOPC welcomed the report on progress from the GSN Lead Centre at JMA. It
noted the benefit of sharing the global load among regional centres and expressed its
appreciation to JMA for the efforts that had resulted in a clear improvement in network
performance in the region.

16.

The AOPC expressed serious concern at the inconsistent reporting from Ponta
Delgada (Azores) as a GSN station, as well as from Lajes as a GUAN station. It noted
also that Portugal had not responded to the request to identify a Focal Point for GCOS
Data and that it had not submitted precipitation data to the Global Precipitation
Climatology Centre. The Panel requested that all possible actions be taken with Portugal
to rectify this situation.

17.

The AOPC noted that recent research 1 indicates that daytime radiosonde data exhibit
significant time-varying biases relative to night-time data. Accordingly, it is now recognized
that monthly CLIMAT TEMPs which combine daytime and night-time data have very
limited value for ongoing climate research purposes. Furthermore, although CLIMAT
TEMPs historically have had more local quality control and a more complete data-basis
than the internationally transmitted TEMP reports for individual ascents, this advantage
has become marginal as a result of improvements in transmission of the daily TEMP
messages and improved real-time quality control at operational weather prediction
centres. In addition, remaining telecommunication problems can be remedied by the
retransmission of missing or corrupted TEMPs using an agreed protocol for retrospective
data. In recognition of these findings, the AOPC agreed that the calculation and
transmission of CLIMAT TEMP messages was no longer required for GCOS purposes.
The Panel requested that this conclusion be transmitted for information to the WMO/CBS
Implementation-Coordination Team for the Integrated Observing System through its
Rapporteur for GCOS Matters.
The Panel emphasized that this conclusion in no way related to the generation and
transmission of monthly CLIMAT messages for surface data, which remain essential to
GCOS requirements.

18.

1

In view of its decision to focus solely on daily TEMP messages for acquisition of daily
and monthly radiosonde results, the AOPC agreed that monitoring of CLIMAT TEMP
messages by the GUAN Monitoring Centre (MC) at the Hadley Centre would no longer be
necessary for GCOS purposes. It therefore accepted the proposal from the UK Met Office
that operation of the GUAN MC at Hadley should cease as of May 2007. The Panel
expressed its appreciation to the Hadley Centre for the excellent support it had provided
to GCOS over the past ten years as a GUAN MC, while welcoming the continuation of its
activity as a GUAN Analysis Centre. The Panel reiterated its appreciation to ECMWF and
NCDC, both of which would continue their TEMP monitoring activities for the GUAN as
they were currently doing. The Panel requested that the Hadley GUAN Web site be
amended to forward to the NCDC site and that the GCOS Site also be appropriately
updated.

(a) Christy, J. R., W. B. Norris, R. W. Spencer, and J. J. Hnilo, 2007, Tropospheric temperature change
since
1979
from
tropical
radiosonde
and
satellite
measurements.
JGR,
112,
doi:10.1029/2005JD006881;
(b) Randel, W. J. and F. Wu, 2006, Biases in Stratospheric temperature trends derived from historical
radiosonde data. J. Clim, 19, 2094-2104 ;
(c) Sherwood, S. C., J. Lanzante, and C. Meyer, 2005, Radiosonde daytime biases and late 20th
Century warming, Science, 309, 1556-1559.
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GRUAN
19.

The AOPC noted the report from the Working Group on Atmospheric Reference
Observations (WG-ARO) on progress toward establishing a GCOS Reference Upper-Air
Network (GRUAN). It expressed its strong appreciation for the achievements to date and
fully endorsed the proposal as outlined in the report. The Panel noted that a number of
agencies had offered to take a lead role in furthering the establishment of the network, in
response to a request for expressions of interest in acting as a Lead Centre for the
network. The AOPC noted in particular the very positive response from DWD in offering
the resources needed to establish such a GRUAN Lead Centre at Lindenberg, Germany.
In light of all the responses received, the AOPC recommended that the DWD offer be
accepted for an initial period or ‘pilot phase’ during which the GRUAN concept could be
further refined in cooperation with all partners, and leading to the establishment of an
initial network with a limited number of stations. It also suggested that this refinement
should be done in cooperation with the WG-ARO, which would continue to represent the
interests of the AOPC in this initiative. The Panel requested that the Secretariat arrange
for a formal response from the WMO Secretary General to DWD to initiate the
establishment of this initial pilot phase of the GRUAN.

20.

The AOPC reaffirmed the importance to the success of GRUAN of in situ observations
throughout the atmospheric column. The Panel recognized the broad spectrum of
opinions both within and outside the working group on the issues of launch scheduling
and affordable reference-quality radiosondes. It recommended that the GRUAN network
start with the highest-quality currently-operational radiosondes, mixed with periodic
higher-quality reference radiosondes, and/or dual launches consisting of different
radiosonde models. For immediate scheduling issues, the Panel recommended that
GSICS (Global Space-based Inter-Calibration System) be engaged to assess the likely
utility and operation of coincident launches. In view of the importance of these issues, the
AOPC requested that the WG-ARO prepare, in collaboration with relevant parties
including the GRUAN Lead Centre, a report on these issues for consideration at AOPCXV in April 2009.

21.

The AOPC agreed with the WG-ARO that the GRUAN concept, and particularly the
utility of reference-type observations, are not yet well publicized. The Panel would
welcome the WG-ARO commissioning a journal paper (e.g. BAMS or EOS) outlining the
concept and illustrating the utility of reference-type observations. Toward this end,
examples on validation of AIRS radiances at ARM sites and IASI radiances at European
observatories could be considered, in addition to examples presented at the recent
session of the American Meteorological Society. Such a paper should provide additional
momentum in support of the work of the new GRUAN Lead Centre.

22.

The AOPC concurred with the WG-ARO view that data management issues for
GRUAN have not been adequately considered to date. The major challenge here is to
create collocation databases. The Panel recommended that the WG-ARO and the
GRUAN Lead Centre consider lessons learned from GSICS and similar efforts such as
those at NESDIS to create collocation databases. The AOPC reaffirmed the importance of
making the data freely available in easy-to-use formats and as close to real-time as
possible, to cater to all potential users including the operational community.

23.

The AOPC recognized that the GSICS and GRUAN activities are complementary and
that more collaboration is needed between these activities. The Panel recommended that
representatives from GSICS and GRUAN participate in each others’ planning activities at
a relevant level.

24.

In recognition of the importance of truly independent validation, the AOPC
recommended that if GRUAN is successfully implemented, GSICS should strongly
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consider withholding at least some of the GRUAN sites from its calibration/validation
activities to permit those sites to be used as independent checks.
25.

The AOPC noted with appreciation the offer from the US to provide substantial support
for an initial implementation workshop for the GRUAN network. The Panel suggested that
the WG-ARO and the GRUAN Lead Centre organize such a meeting and include
participation by representatives from the WG-ARO; the Lead Centre; the US DOE
Atmospheric Radiation Measurement (ARM) programme; NCDC; NCAR; GSICS; CIMO;
other candidate initial GRUAN sites; and others as deemed appropriate. The objective of
the workshop would be to develop an implementation plan for the initial GRUAN which
addresses the remit of the network and outstanding issues such as proof of concept,
radiosonde details, formalization of practices, procedures and instrumentation, and data
management.

Other Network and Data Issues
26.

The AOPC welcomed the informative presentation by the President of CIMO on the
activities of the Commission and some of the major issues related to upper-air
measurements and instrumentation. It noted that while recent improvements in pressuresensor technology had made current pressure altitude measurements very accurate, there
was no continuity with historical records that might be available in view of the poor quality
of most of the older sensors. The Panel noted furthermore that the accuracy of GPS
altitude measurements is at least as good as the best pressure sensors currently in use,
and that many GUAN stations have already stopped using pressure sensors. The AOPC
therefore agreed that for radiosondes used at GUAN stations, the minimum requirement
should be use of the latest-quality GPS sensors, with pressure sensors being used in
addition wherever possible at the discretion of the station operator.

27.

The AOPC noted that there exists at present the possibility for loss of potentially useful
information from radiosonde ascents as a result of current coding practice (TEMP and
BUFR); for example, winds and temperatures can be measured to accuracies better than
can be currently coded. The Panel requested the Secretariat to raise this issue with the
WMO/CIMO Secretariat in order to seek a resolution.

28.

The AOPC noted the plans to solicit support for facilitating network development and
coordination activities through a joint proposal under the European Union COST
(Cooperation in the field of Scientific and Technological Research) framework. It
expressed its full support for this initiative and requested that the GCOS and WMO
Secretariats arrange for the provision of a letter of support for the project, in collaboration
with the Chairmen of AOPC and WG-ARO.

29.

The AOPC noted the update on the Climate Change Assessment and Impact Studies
(CLARIS) project in South America and welcomed the progress being achieved,
particularly in the area of improved coordination and capacity-building in the region. It also
noted, however, the considerable difficulty in assembling the required database for studies
of extreme events and climate trends in the South America region. The Panel strongly
urged nations to make their daily historical climate data openly available to the CLARIS
project and to the GSN Archive. The AOPC also noted the proposal to the European
Union 7th Framework Programme (FP7) to continue the CLARIS project beyond 2007, with
a focus on the La Plata basin, and expressed its strong support for this initiative.

30.

The AOPC welcomed the review of the structure of CCl and its Expert Teams by the
Chairman of the CCl Open Programme Area Group on Climate Data and Data
Management and the activities underway in response to the actions from AOPC-XII. The
Panel looked forward to further feedback on the results of these activities at its next
session.
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31.

The AOPC noted the changing arrangements within the CCl structure regarding GCOS
issues. It encouraged CCl to ensure that the final mechanism maintain a strong capacity
to focus on the coordinated implementation of GCOS within all regions and Regional
Associations.

32.

The AOPC welcomed the presentation on the activities of the World Climate Data and
Monitoring Programme (WCDMP), noting in particular the continuing efforts to recover
historical data under the DARE (Data Rescue) projects. The Panel reiterated the need for
digitization and analysis of historical data for Africa held in obsolete form at the African
Centre of Meteorological Application for Development (ACMAD) and strongly supported
the ongoing effort by WMO and Spain (INM), through the WCDMP, to implement a
digitization project for these climate records.

33.

The AOPC welcomed the plans for an international data rescue workshop for countries
of the Mediterranean Basin, to be held in Spain in November 2007, and looked forward to
a report on its outcomes at the Panel’s next session.

34.

The AOPC re-emphasized the need for high-frequency (i.e. sub-daily) historical data
for studying climate variability and extremes and for reanalysis. The Panel urged the
WCDMP to maximize its efforts to identify and recover these records from as many
stations as possible. It noted that non-digitized daily and sub-daily data, particularly prior
to the 1960s, are held by many National Meteorological Services (NMSs) and emphasized
the importance of their being digitized and supplied to archive centres. The Panel
requested the Secretariat to pursue this issue in collaboration with the WCDMP
Secretariat, noting that one possible step would be for the WMO Secretary General to
write to NMSs stressing the importance of digitizing and releasing these data.

Satellite Issues
35.

The AOPC noted the completion of the ‘Satellite Supplement’ 2 to the GCOS
Implementation Plan and expressed its appreciation to Paul Mason and the GCOS
Secretariat for leading this effort. It also welcomed the strong positive response of CEOS
to the document as expressed through its report 3 to the UNFCCC Subsidiary Body for
Scientific and Technological Advice (SBSTA) in November 2006. The Panel offered to
assist in the implementation of this response in any way appropriate and looked forward to
a status report on progress at its next session.

36.

The AOPC recognized the important and complementary roles played by the
Committee on Earth Observation Satellites (CEOS), the Coordination Group on
Meteorological Satellites (CGMS) and the WMO Space Programme in responding to the
GCOS requirements for space-based observations as expressed in the GCOS
Implementation Plan and the Satellite Supplement. The Panel welcomed the
recommendation from CGMS-34 for coordination among these entities to ensure that their
responses are consistent and complementary.

37.

The AOPC welcomed the recommendation from CGMS-34 that the International TOVS
Working Group (ITWG) should foster international collaboration on the development of
climate data records from TOVS and other long-term satellite series. The Panel suggested
that the ITWG consider broadening the basis of its work through world-wide
representative participation by experts working on improvement and analysis of both
Fundamental and Thematic Climate Data Records (FCDRs and TCDRs).

38.

The AOPC noted the CGMS recommendation that satellite operators provide detailed
information on instrument performance both in near-real-time and as quarterly
assessment reports, particularly information on noise assessment and spectral response

2

Systematic Observation Requirements for Satellite-based Products for Climate, GCOS-107, September 2006.
Satellite Observation of the Climate System : The CEOS Response to the GCOS Implementation Plan,
UNFCCC/SBSTA/2006/MISC.14, November 2006.

3
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characteristics. The Panel confirmed the importance of this information for satellite climate
applications. It noted with appreciation that GSICS is undertaking the creation of a
repository of the required information and recommended that this be maintained as the
sole authoritative source of such information.
39.

The AOPC welcomed the encouragement from CGMS to satellite operators to
reprocess Atmospheric Motion Vectors (AMVs) in support of re-analysis, recognizing that
some operators have already done so. The Panel noted in particular that the CEOS
response2 to the GCOS Implementation Plan had stated that “The CEOS agencies will
commit in 2007 to reprocessing the geostationary satellite data for reanalysis before the
end of the decade”. The Panel also took note of the efforts to produce AMVs over polar
regions and expressed an interest in receiving reports on this in the future.

40.

The AOPC noted the CGMS action to NOAA to report on reprocessing of AVHRR data
for a new aerosol climatology over the oceans and looked forward to an update on
progress at its next session. It suggested that this activity be considered along with the
recent recommendation of the AOPC/TOPC Working Group on Land-Surface/Atmosphere
issues (WG-LSA) that aerosol and surface properties be produced in a coherent manner,
noting that this could be done in a future reprocessing of surface albedo and aerosol load
over land.

41.

The AOPC welcomed the CGMS recommendation that NASA, ESA, CNES and ISRO
consider partnership arrangements to ensure the long-term continuity of altimeter
missions, in view of the importance of establishing continuous sea-level monitoring from
space.

42.

The AOPC reiterated the importance of the GCOS requirement for high-quality longterm measurement of the Earth radiation Budget and solar spectral irradiance by at least
one polar-orbiting satellite system at any one time.

43.

The AOPC welcomed the presentation by M. Goldberg on climate data products being
developed at NOAA, recalling the many products that had specifically been identified in
the GCOS Implementation Plan and the Satellite Supplement. The Panel strongly
encouraged the continuation of this work, preferably through a stable, long-term climate
product development programme. Such a programme could be coordinated with the
establishment of a Regional/Specialized Satellite Centre on Climate Monitoring (R/SSCCM) currently under consideration. The Panel emphasized the need to make the products,
when sufficiently mature, freely and easily available to the user community.

44.

The AOPC noted with appreciation the positive response to the GCOS Implementation
Plan by WMO/CBS and the WMO Space Programme through the activities of the CBS
Expert Teams (EGOS, SAT, SUP), and welcomed the ongoing cooperation with CEOS
and CGMS. It reiterated the complementary role of these bodies and encouraged
continuation of their productive collaboration in the coming year. The Panel noted the
workshop on Redesign and Optimization of the WMO Space-based Global Observing
System being organized for June 2007 and requested the Secretariat to ensure that
AOPC’s views were appropriately represented at this workshop.

45.

The AOPC noted the recent refinement of the CEOS/WMO database to include
‘breakthrough’ as well as ‘threshold’ and ‘goal‘ levels for each of the parameters listed. It
requested the Chairman to review the appropriateness of the new entries for AOPC on
behalf of the Panel and make any adjustments needed.

46.

The AOPC fully endorsed the concept and overall structure of a Regional/Specialized
Satellite Centre on Climate Monitoring (R/SSC-CM) as presented at the session. It
expressed its appreciation to EUMETSAT, the WMO Space Programme and other
partners for their efforts in developing this response to one of the key requests of the
GCOS Implementation Plan and the Satellite Supplement. The Panel noted that care
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should be taken to ensure that the R/SSC-CM is appropriately incorporated into the WMO
structure, and suggested that it might be managed in a way similar to that being used for
the GSICS. The AOPC strongly encouraged the continuation of this effort and looked
forward to an update on progress at its next session.
47.

The AOPC recognized that it could be beneficial for GCOS to develop a process
through which it might formally or informally recognize products that meet the
requirements expressed in the Second Adequacy Report and the Implementation Plan. As
an example, it was suggested that a data set might be formally recognized once it had
been described in the peer-reviewed literature and made freely available to users. The
Panel requested the Chairman to bring this to the attention of the GCOS Steering
Committee for consideration at its next session.

48.

The AOPC noted with great appreciation the major progress in planning and
implementation of the GSICS initiative, following its initiation under the leadership of
CGMS and the WMO SP. It emphasized the need to ensure that adequate resources are
made available to continue this work and strongly encouraged the relevant space
agencies to make the necessary resources available. The Panel supported in particular
the concept of a joint NOAA-NIST-NASA National Calibration Centre as a sustained US
contribution to GSICS. It noted the potential for synergy between GSICS and an eventual
GRUAN and encouraged the relevant parties to coordinate their activities as appropriate.
The Panel also noted the potential benefits of coordination between GSICS and an
R/SSC-CM and suggested that this could be pursued through overlapping membership in
the two groups and co-sponsoring of periodic scientific meetings on the generation of
satellite-based Essential Climate Variables.

Atmospheric Forcing
49.

The AOPC welcomed the presentation on the GAW global ozone observing networks
and fully supported the proposal that they should be formally recognized as GCOS
networks. The Panel therefore requested the Chairman to present to the GCOS Steering
Committee at its next session a formal proposal that the ‘WMO/GAW Global Atmospheric
Ozone Monitoring Network’, including the contributing SHADOZ (Southern Hemisphere
Additional Ozonesondes) network and relevant components of the NDACC (Network for
the Detection of Atmospheric Composition Change), be recognized as the ‘GCOS Global
Baseline Total Ozone Network’ and the ‘GCOS Global Baseline Profile Ozone Network’, in
accordance with the agreement drafted for this AOPC session (see Attachment 0). This
agreement further specified the terms under which relevant components of the NDACC
could contribute to the GCOS Reference Upper-Air Network (GRUAN). The Panel
requested that GAW take all necessary steps to ensure the timely flow of data from this
network to the relevant data centres.

50.

The AOPC welcomed the update presented on developments in the GAW/GCOS CO2CH4 comprehensive network and looked forward to continuing progress in this network.

51.

The AOPC noted with appreciation the NOAA/ESRL (Earth System Research
Laboratory) carbon-tracker analysis product now available to all users via the Web
(http://www.carbontracker.noaa.gov), permitting easy and informative presentation of
archived data on regional and global scales.

52.

The AOPC welcomed the presentation on recent developments in the Baseline Surface
Radiation Network (BSRN). It noted with concern the continuity problems at some of the
sites and encouraged efforts to remedy these difficulties. The Panel noted also the current
problems in maintaining the BSRN Archive at its current location and requested the
Secretariat to continue its efforts to assist the BSRN in resolving this issue.

53.

The AOPC recalled the requirement for aerosol properties as an Essential Climate
Variable in the GCOS Implementation Plan, noting with appreciation that representatives
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of the WMO World Data Centre for Aerosols had participated in the recent fist session of
the WG on Land-Surface/Atmosphere issues. The Panel encouraged the GAW
programme to continue its efforts to establish a coordinated, systematic global observing
network for aerosol properties in collaboration with Aeronet, Skynet and other partners,
leading eventually to the establishment of a comprehensive or baseline aerosol observing
network and recognition by GCOS as such.
54.

The AOPC welcomed the review of the history and status of the Global Network for
Isotopes in Precipitation (GNIP) presented by L. Araguas of the International Atomic
Energy Agency. It agreed that the data from this network are beneficial to climate
research and encouraged the continuation of their acquisition. The Panel requested the
Secretariat to investigate the possibility of arranging for a letter of support for GNIP in
collaboration with the WMO Secretariat, noting that that about 200 stations are still
operating but with difficulty in some cases. The AOPC encouraged GNIP to review the
GSN list for stations that might assist in providing rainwater samples and make contact
with them through GCOS if this would be of assistance.

55.

The AOPC welcomed the update on status of the World Data Centre for Greenhouse
Gases (WDCGG) at JMA, noting with appreciation the increasing submission of data and
the continuing improvements for facilitating easy access to the archived data. The Panel
considered the operation of the centre to be exemplary and expressed its strong
appreciation to JMA for its contribution in this regard.

Marine Issues
56.

The AOPC welcomed the presentation from the Chair of OOPC on the activities of the
Panel and the very informative review of scientific issues within the ocean climate
community.

57.

The AOPC welcomed the establishment of an ‘Ocean Climate Indices’ Web site
(http://ioc3.unesco.org/oopc/) by the OOPC, and its associated link to the ‘State of the
Ocean’ page. It noted the OOPC request for suggestions for additional indices for the site
in order that it might serve AOPC interests as well as those of OOPC. The Panel
requested members to review the material on the site and pass suggestions to the OOPC
Chairman and/or Secretariat.

58.

The AOPC reiterated the importance of surface drifting buoy observations and
welcomed the progress in achieving global coverage for this network. It noted that about
one-third of the roughly 1250 buoys currently measure sea-level pressure (SLP) and
reiterated its recommendation that this capacity be extended to all buoys in the network.

59.

The AOPC noted with appreciation the action by the WMO/IOC JCOMM to have some
surface drifting buoys report high-frequency (3-hourly) SST observations. It recommended
that, if feasible, SLP be reported with the same frequency, recalling that 3-hourly reporting
from GSN stations was a specific action identified in the GCOS Implementation Plan.

60.

The AOPC welcomed the increasing completeness of the global ocean observing
system, noting in particular the utility of the subsurface as well as surface observations for
forecasts on many time scales as well as for evaluation of forecast skill from coupled
models.

61.

The AOPC recommended that the OOPC continue to emphasize to all relevant parties
the need for observations of precipitation, as well as surface heat flux components, over
the ocean.

62.

The AOPC urged the OOPC to identify the locations at which observations of marine
atmospheric pCO2 are available and make this known to the World Data Centre for
Greenhouse Gases.
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63.

The AOPC welcomed the actions undertaken to revitalize the AOPC/OOPC Working
Group on SST and Sea Ice (WG-SST/SI), including the recent establishment of its SeaIce sub-group under the leadership of Søren Anderson.

64.

The AOPC welcomed the report from the AOPC/OOPC Working Group on Surface
Pressure (WG-SP), presented by D. Parker on behalf of the WG Co-Chairs. The Panel
expressed appreciation for the group’s strenuous efforts and clear plans for the future,
including the plan for one of the Co-Chairs to work with support from the Queensland
(Australia) Climate Change Centre of Excellence in a cooperative effort to develop and
apply the International Surface Pressure Databank (ISPD) through the WG’s Climate Data
Support Initiative (CDSI).

65.

The AOPC noted the request from the WG-SP for formal GCOS recognition of its
International Surface Pressure Data bank and agreed that this would be addressed after
the GCOS Steering Committee had considered the general question of GCOS
recognition of databases and products.

66.

The AOPC requested that Bruno Rudolf explore the restrictions on release of historical
marine data within DWD and advise on the relative merits of preparing a letter from GCOS
that might assist in resolving this issue.

Terrestrial Issues
67.

The AOPC welcomed Prof. Han Dolman to the session in his capacity as the new
Chairman of TOPC. It noted the plans for re-activation of the TOPC and looked forward to
working closely with it in the future.

68.

The AOPC welcomed the presentation and report by the Co-Chairs of the joint
AOPC/TOPC Working Group on Land Surface Albedo (WG-LSA) on the establishment
and first session of the group. It expressed appreciation to the Co-Chairs for organizing
the session, the Joint Research Centre of the European Commission for hosting it, and to
the home institutions of the attendees for supporting their participation and contributions to
this venture. The Panel noted that a number of recommendations contained in the report
of the first meeting could best be addressed through the WCRP and requested that the
report be brought to the attention of the WCRP Observations and Assimilation Panel
(WOAP) and the WCRP Modelling Panel (WMP) at their next sessions.

69.

The AOPC concurred with the finding that small differences or slight biases between
many currently available products such as surface albedo can have significant impact on
model results and applications based on these products. These discrepancies likely reflect
inconsistencies in reflectance measurements and hinder the coherent, accurate retrieval
of other land-surface properties such as leaf-area index, for example, and should be
investigated further. The Panel reiterated the importance of long-term intercomparisons of
surface albedo products and recommended that such work be undertaken as soon as
funding permits, possibly within the framework of the AOPC/TOPC Working Group on
Land-Surface/Atmosphere Issues.

70.

The AOPC noted the wide diversity of aerosol models used by different communities
(e.g. weather forecasting and climate modelling, atmospheric corrections in remote
sensing, atmospheric versus oceanic applications, radiative versus chemical applications),
as well as the diversity of observation programmes and methods, both remote-sensing
and in situ. The Panel strongly encouraged the development of a coordinated set of
aerosol models and properties that would adequately serve the needs of these
communities and fully exploit the latest advances in retrieval methods to provide aerosol
descriptions that can be cross-referenced or universally applied across disciplines.
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71.

The AOPC recognized the importance of soil moisture for climate system monitoring
and recommended that it be formally included as an Essential Climate Variable (ECV) in
any future update of the ECV list.

72.

The AOPC noted the WG-LSA observation regarding the difficulty in monitoring a
number of quantities related to snow cover. Although the issues concerned might be taken
up most appropriately by WCRP, the Panel recalled that three specific items related to
snow cover had been identified in the GCOS Implementation Plan, with both AOPC and
TOPC being included among the suggested agents for implementation. The Panel
therefore agreed to reconsider this topic at its next session.

Synthesized Products, Reanalysis, Climate Indices
73.

The AOPC welcomed the continuation of the series of climate extremes workshops,
noting that a workshop was being held in Congo during the week of the AOPC session. It
noted the continuing difficulty, both at the workshops and in general, in obtaining historical
data from some countries and requested the SC Chairman to raise the issue at Congress
in whatever manner appropriate. The Panel requested Tom Peterson to provide
background information on non-submitting stations and countries for this purpose.

74.

The AOPC noted the suite of climate indices being developed by the CCl Expert Team
on
Climate
Change
Detection
and
Indices
(ET-CCDI)
(http://cccma.seos.uvic.ca/ETCCDI/). The Panel recommended that this group continue
and strengthen its collaboration with the OOPC indices group, particularly in the area of
their respective Web sites for the presentation of indices, noting that at least one member
was already common to both groups. It also encouraged the completion of a joint journal
article on climate indices (Harrison/Manton/Folland). The Panel requested that a report on
the status and results of the work on indices be presented to the Panel at its next session.

75.

The AOPC noted with appreciation the presentation on the annual ‘State of the
Climate’ report published as an Annex to the June issue of the Bulletin of the American
Meteorological
Society
(http://www.ncdc.noaa.gov/oa/climate/research/state-ofclimate/state-of-climate.html). It welcomed the coordination between NOAA, WMO and
others in preparing this most valuable document, noting that extensive use had been
made of this material by IPCC scientists in developing the IPCC Fourth Assessment
Report. The Panel noted the use of the terminology ‘essential climate variables’ in the
document and recommended that this usage be harmonized to the extent possible with
the usage of ‘Essential Climate Variables’ (ECVs) in the GCOS literature to avoid
confusion in the user community.

76.

The AOPC welcomed the update on activities at the Global Precipitation Climatology
Centre (GPCC) hosted by DWD and encouraged the continuation of these efforts, noting
with appreciation the large increase in historical data made available in the past year. The
Panel encouraged all countries with historical precipitation data to submit them to GPCC if
they had not already done so.

77.

The AOPC noted that Bruno Rudolf would be retiring from the Panel following this
session and expressed its sincere appreciation for his contributions to AOPC and GCOS
over the past six years.

78.

The AOPC welcomed the presentation on the beneficial use of products from the JRA25 reanalysis for an increasingly-wide range of climate applications. The Panel noted with
appreciation the easy access to the JRA-25 data for research purposes.

79.

The AOPC noted the ongoing preparations for the 3rd WCRP International Conference
on Reanalysis, to be held at Tokyo University in Tokyo, Japan from 28 January to 1
February 2008. It expressed its appreciation to JMA for leading the organization of the
workshop and to the Central Research Institute of the Electrical Power Industry (CRIEPI)
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of Japan, Tokyo University, WCRP, GCOS and GEO for providing support for the session
as co-sponsors, as well as to a number of US institutions for providing travel support for
several US participants. The Panel requested all members to publicize the conference at
every opportunity and to support it in all possible ways.
80.

The AOPC welcomed the update on the ERA-Interim reanalysis at ECMWF presented
by the Chairman and looked forward to successful implementation of a follow-on 65 or 75year reanalysis when funding has been identified.

81.

The AOPC noted the update on reanalysis in the US presented by the Chairman and
thanked Phil Arkin for preparing this material for the Panel. It was pleased to note the
commencement of several new initiatives in the US and encouraged their continuation.

82.

The AOPC reviewed the proposal, originated by the WCRP Observations and
Assimilation Panel (WOAP) following a workshop at the University of Maryland in 2005, to
establish a joint AOPC/WOAP Working Group on Observational Datasets for Reanalysis
(WG-ODR). The Panel fully concurred with the need and desirability for such a working
group, in line with the framework presented at the session, and requested the Chairman
and Secretariat to take the steps needed formalize its establishment. The Panel endorsed
the proposal that Russell Vose (US National Climatic Data Center) serve as Chairman of
the working group.

83.

The AOPC welcomed the presentation by Tom Peterson on improvements to the
NCDC Global Temperature Time Series, noting the minor changes in yearly rankings that
had resulted from these modifications. The Panel recognized the complications in doing
this and looked forward to being kept informed of continuing improvements.

84.

The AOPC agreed to review the Terms of Reference of the Panel for consideration by
the GCOS Steering Committee at its next session.

85.

The AOPC agreed that its next session (AOPC-XIV) would be held from 21 to 25 April
2008, probably in Geneva.
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Summary and Purpose of Document
In response to Action 55 from AOPC-XII, this document presents the text of agreement between GCOS
and the World Meteorological Organization’s Global Atmosphere Watch (WMO/GAW) programme of the
Atmospheric Research and Environment Programme (AREP) Department under the Commission for
Atmospheric Science (CAS). The agreement specifies the terms under which the “WMO/GAW Global
Atmospheric Ozone Monitoring Network” and contributing networks will be designated as GCOS Global
Baseline Total Ozone and GCOS Global Baseline Profile Ozone Networks. It furthermore specifies terms
under which selected NDACC stations could contribute to a Reference Upper Air Network of GCOS.
Prepared by a joint GAW/SHADOZ/NDACC/GCOS group, the agreement is expected to be approved by
the Scientific Advisory Group for Ozone of WMO/GAW and by the Chair of the CAS Working Group on
Environmental Pollution and Atmospheric Chemistry. It is presented now to AOPC-XIII for consideration.

ACTION PROPOSED
The meeting is invited to consider for approval the proposal that the WMO/GAW “Global Atmosphere
Ozone Monitoring Network” be designated as a baseline network of GCOS. Furthermore, selected
NDACC stations should be considered as contributors to a GCOS Reference Upper Air Network.

Annex I:

Status of WMO/GAW/SHADOZ/NDACC “Global Atmospheric Ozone Monitoring Network”
2007.

Annex II: Agreement between GCOS and GAW Regarding the WMO/GAW/SHADOZ Global
Atmospheric Ozone Monitoring Network as a Baseline Network of GCOS and selected
stations of NDACC as contributors to a GCOS Reference Network.
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Background
1. Ozone is a key variable needed for understanding
climate processes and change. Column ozone and
profile ozone in various altitude ranges from the lower
troposphere to the mesosphere were designated as
Essential Climate Variables (ECVs) in the Second
Report on the Adequacy of the Global Observing
Systems for Climate in Support of the UNFCCC.

3. In 1989, in view of the need for globally coordinated
observations of ozone, aerosols, greenhouse gases
and reactive gases in support of atmospheric
research, the World Meteorological Organization
established the Global Atmosphere Watch (WMO/
GAW) programme. Building on a long term effort
under the previous ozone network (Global Ozone
Observing System (GO3OS)) that dates back to the
1950s, and adding increased emphasis on quality
assurance, WMO/GAW has been the steward of
state-of-the-art observations of total ozone and
ozone profiles at many regionally representative
long term monitoring sites around the world.

2. Column ozone has been measured from the
ground with Dobson spectrophotometers since the
1920s. The Dobson spectrophotometer measures
ultraviolet light from the Sun at two to six different
wavelengths from 305 to 345 nm. By measuring UV
light at two different wavelengths, the amount of
ozone can be calculated. One of the wavelengths
used to measure ozone is absorbed strongly by
ozone (305 nm), whereas the other wavelength is
not absorbed by ozone (325 nm). The ratio between
the two light intensities is a measure of the amount of
ozone in the light path from the sun to the observing
spectrophotometer. One can also use the zenith sky
as light source instead of the sun. The more recent
Brewer spectrophotometer was developed in the
1980s and measures the amount of UV light from
the sun at five different wavelengths between 306
and 320 nm. The Brewer spectrophotometer is now
deployed in more than 40 countries.

The Network for the Detection of Atmospheric
Composition Change (NDACC) is a set of more
than 70 high-quality, remote-sensing research
stations for observing and understanding the
physical and chemical state of the stratosphere and
the free troposphere and for assessing the impact of
atmospheric composition change on global climate.
Following five years of planning, instrument design
and implementation, the NDACC began network
operations in January 1991.
The Southern Hemisphere Additional Ozonesondes
(SHADOZ) network was established in 1998 since
there were a number of stations operating in the
southern hemisphere tropics and subtropics, but
with differing frequency and reporting procedures.
SHADOZ is designed to remedy this data
discrepancy, by coordinating launches, supplying
additional sondes in some cases, and by providing
a central archive location. Currently, fourteen active
sites are participating in SHADOZ. The sites are
at Ascension Island; American Samoa; Cotonou,
Benin; Suva, Fiji; Heredia, Costa Rica; Irene, South
Africa; Watukosek, Java, Indonesia; Malindi and
Nairobi, Kenya; Natal, Brazil; Paramaribo, Suriname;
La Réunion, France; San Cristóbal, Galapagos; and
Kuala Lumpur, Malaysia.

Ozonesondes measure profile ozone in the
atmosphere by a chemical reaction. A weather
balloon carries the sounding instrument from the
surface of the Earth to 30-35 km above the surface.
Ozone sondes consist of a pump that pulls air into
a chamber that contains dilute potassium iodide.
Another chamber contains concentrated potassium
iodide. The two chambers are connected by an ion
bridge. As ozone is pumped into the chamber of
dilute potassium iodide, a chemical reaction occurs
that converts the potassium iodide (KI) to iodine
(I2).

2KI + O3 + H2O => I2 + O2 + 2KOH

As of April 2007, the WMO/GAW Global Ozone
Monitoring Network consists of 132 stations
measuring total ozone with Dobson and/or Brewer
spectrophotometers and 63 stations measuring
profile ozone with ozonesondes. The ozonesonde
sites belong to WMO/GAW, SHADOZ and/or
NDACC. The maps of the stations are shown in
Figures 1 and 2 (next page). A detailed summary
of the status of the network is attached as Annex I.
Additional details can be found at the WMO/GAW

The chemical reaction causes the two chambers of
potassium iodide to become out of equilibrium and
electrons flow through a circuit creating an electrical
current. The current is measured by the ozone
sounding instrument. The sounding instrument works
like a battery that runs on ozone. The more ozone
that reacts with the potassium iodide the higher the
electrochemical current. A radio relays information
back to a receiving station on the ground.
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Global Atmospheric Chemistry Observations
(IGACO) of IGOS and hence the Global Earth
Observations System of Systems (GEOSS). The
NDACC and SHADOZ networks follow the same
operating procedures and quality assurance as the
GAW network for ozonesonde observations. Data
are collected in a timely manner and made available
through the WOUDC, the NDACC (http://www.ndacc.
org) and the SHADOZ websites (http://croc.gsfc.nasa.
gov/shadoz). In addition to ozonesondes, NDACC
uses state-of-the-art remote sensing instrumentation,
such as lidars, microwave spectrometers, Fourier
Transform infrared spectrometers and UV-Vis
spectrometers to measure various constituents in
the troposphere, stratosphere and the mesosphere.
The NDACC has a strict validation protocol, which is
designed to ensure that archived NDACC data are
as high quality as is possible within the constraints
of measurement technology and retrieval theory at
the time the data were taken and analysed. Data
are collected in a timely manner and made available
through the NDACC web site and also transferred
to WOUDC.

Figure 1. The 132 WMO-GAW stations measuring
total ozone with Dobson and/or Brewer spectrophotometers.

Figure 2. The 63 WMO-GAW + SHADOZ +
NDACC stations measuring profile ozone with ECC
ozonesondes.

5. In view of these facts, it was proposed at AOPCXII that investigations be undertaken into designating
the WMO/GAW Global Ozone Monitoring Network
(Dobson, Brewer, ozonesondes, including SHADOZ
and NDACC sondes) as the baseline GCOS
network for the ECVs related to ozone. Moreover,
it is proposed that a number of NDACC stations be
considered as contributors to a GCOS Reference
Upper Air Network for ECVs related to ozone, water
vapour and temperature in the stratosphere and
mesosphere. Toward this end, a small group of
representatives was established to draft the terms
of reference under which such a designation would
be acceptable to all concerned. Those terms are
presented in the Agreement attached as Annex II,
and were approved by the Scientific Advisory Group
for Ozone of WMO/GAW and by the CAS Working
Group on Environmental Pollution and Atmospheric
Chemistry. They are now being presented to the
AOPC for consideration and eventually to the GCOS
SC for its approval.

Web site at www.wmo.int (under AREP).
4. It is generally agreed that the WMO/GAW
programme has the demonstrated quality and
maturity to fulfil what is required of a baseline
network of GCOS. WMO/GAW already supports a
long-term, trend-quality, globally-distributed record
of measurements of ozone. It has a well-established
quality assurance programme built on linking
observations to the WMO/GAW World Reference
Standards for Dobsons, Brewer and ozonesondes.
It has a secretariat at WMO in Geneva, a Scientific
Advisory Group (SAG), a web-based station
information and mapping system (GAWSIS (http://
www.empa.ch/gaw/gawsis)) describing the network,
and a WMO World Ozone and UV Data Centre
(WOUDC, http://www.woudc.org). WMO/GAW is
recognized as the lead international programme for
atmospheric ozone measurements in the Integrated
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Status of WMO/GAW Global Atmospheric Ozone Monitoring Network
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1. Introduction

important in the context of the protection of the ozone
layer, but ozone (in particular in the tropopause layer)
is also very relevant for climate and its anthropogenic
changes.

The purpose of this document is to provide the basis
for approval of the “WMO/GAW Global Atmospheric
Ozone Monitoring Networks” as a GCOS Global
Baseline Total Ozone Network (GCOS Global
BTON) and a GCOS Global Baseline Profile Ozone
Network (GCOS Global BPON) in fulfilment of
action A30 in the GCOS Implementation Plan. The
Global Atmosphere Watch (GAW) Programme of
the World Meteorological Organization (WMO) was
established in 1989, merging the Global Ozone
Observing System (GO3OS) and BAPMON with
increased emphasis on quality assurance and
global partnership, and a focus on six measurement
groups: ozone, UV radiation, greenhouse gases
(already part of GCOS), aerosols, major reactive
gases and precipitation chemistry. Through the
GO3OS system and now WMO/GAW, there is a
history of global monitoring of atmospheric ozone
(total ozone as well as profile ozone) going back to
the early 1970s. The GO3OS was built in response
to the threat of the anthropogenic destruction of the
ozone layer discussed since the early 1970s. In 1974,
ozone depletion by chlorine was first discussed by
Stolarski and Cicerone and Molina and Rowland.
The latter two scientists first described the source of
reactive chlorine species by the release of chlorine
from anthropogenically emitted chlorofluorocarbons.
The full extent of anthropogenic ozone depletion
was found in 1985, when Farman et al. discovered
the ozone hole over Antarctica. WMO played a lead
role in organising a series of scientific assessments
resulting in international action. Joint WMO/UNEP
sponsored Scientific Assessments of Ozone
Depletion are now published every four years.

The total ozone measurements operated under
the umbrella of GAW/WMO are based on
spectrophotometer measurements, using either
the sun or the zenith sky as the light source.
The Dobson and Brewer spectrophotometer
measurements are based on calibrations obtained
from Langley plot calibrations, both performed at
the Mauna Loa Observatory in Hawaii. The world
primary Dobson instrument is operated by NOAA/
ESRL while Environment Canada is responsible
for a triad of standard instruments at Toronto, one
of which is regularly calibrated by the Langley
plot method at Mauna Loa Observatory at Hawaii.
Today, measurements of about 80 Dobson and
about 50 Brewer instruments are regularly reported
to the World Ozone and UV data centre (WOUDC)
in Toronto.
Ozone profile information can be obtained from
several types of instruments operated from the
ground. Reliable and detailed information up to an
altitude of approximately 35 km can be obtained
by measurements with an electrochemical cell
from small balloons which typically burst at 2535 km. Ozone profiles are also measured by lidar
and microwave instruments, having their particular
strengths in the stratosphere and mesosphere.
The ozonesonde measurements are submitted to
WOUDC while the measurements of the lidar and
microwave instruments are part of the global Network
for the Detection of Atmospheric Composition
Change (NDACC). Data quality of Dobson, Brewer
and ozonesonde measurements is part of the work of
the Ozone Science Advisory Group (SAG) of WMO/
GAW, while the strict data quality requirements of
lidar and microwave instruments are handled within
NDACC. Consisting today of a global partnership
of managers, scientists, and technical experts in
112 countries, WMO/GAW is coordinated by the
Environment Division of the Atmospheric Research
and Environment Programme at the WMO Secretariat
in Geneva with the assistance of the Joint Scientific
Steering Committee of the Open Programme Area
Group on Environmental Pollution and Atmospheric
Chemistry (OPAG-EPAC) of the WMO Commission
for Atmospheric Science (CAS).

The Vienna Convention of 1985 on the Protection of
the Ozone Layer and its Montreal Protocol of 1987
with subsequent amendments and adjustments have
been successful. The amount of ozone depleting
substances is now slowly going down (about
1%/year) after reaching a peak in the late 1990s.
Nonetheless, the Antarctic ozone hole of 2006 was
the largest on record by most metrics used to quantify
its severity. This was due to the unusually cold and
stable south polar vortex in the austral spring of 2006.
This demonstrates that the degree of ozone loss not
only depends on the atmospheric burden of ozone
depleting halogens but also on the meteorological
conditions. This shows the close linkage between
ozone depletion and climate change.

The WMO/GAW office and its Ozone SAG have
been actively involved in supporting the Vienna
Convention and its Montreal Protocol as well as the

The ozone vertical profile is a further atmospheric
key variable. Ozone profile information is not only
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United Nations Framework Convention on Climate
Change (UNFCCC) through contributions to the
Implementation Plan and the Second Report on
the Adequacy of the Global Observing Systems for
Climate by the Global Climate Observing System
(GCOS). Essential Climate Variables (ECVs) that
need to be systematically measured globally in order
to address major issues are officially recognized by
the UNFCCC. Total ozone and profile ozone are
amongst those ECVs and WMO/GAW is designated
by GCOS and WMO as the lead international
programme in furthering the observational
requirements for ozone.

under the IGOS partnership of a strategy related
to atmospheric composition issues. The Integrated
Global Atmospheric Chemistry Observations
(IGACO) strategy provides a framework for global
observations under the Global Earth Observations
System of Systems (GEOSS). IGACO involves 13
classes of atmospheric chemistry variables, total
ozone and profile ozone being key variables. The
IGACO strategy is the basis for the next generation
WMO/GAW programme of 2008-2015 and will be
implemented by the research community under the
leadership of WMO/GAW with the assistance of
GCOS, its AOPC, and GEOSS. The IGACO-Ozone/
UV office has been established at the Finnish
Meteorological Institute and the implementation
plan of IGACO-Ozone/UV is currently in final
stages of review. Thus, this proposal concerns the
recognition of a global network that is supported by
a hierarchy of systems that clearly integrates and
links measurements through analyses to societal
benefit areas.

The Meeting of the Ozone Research Managers
of the Parties to the Vienna Convention for the
Protection of the Ozone Layer is arranged every
three years jointly by WMO and UNEP. This meeting
provides support to the GAW programme through
recommendations addressed to the Parties to the
Vienna Convention.

SAGs

A further noteworthy development that has taken
place in the last three years is the establishment
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Figure 1. Components of the WMO/GAW ozone global monitoring network, including the contributing NDACC
(formerly NDSC) and SHADOZ networks. RCC= Regional Calibration Centre, WCC = World Calibration Centre.
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2. Network status

in implementing the WMO/GAW Strategic Plan. It
reviews and writes measurement guidelines and data
quality objectives as well as guides the WMO/GAW
office at WMO in the maintenance, development,
and communication of products and services of the
network.

2.1. Network components
The best way to illustrate that the ozone component of
WMO/GAW is a mature, organized system is through
the schematic in Figure 1 (previous page), showing
components of the monitoring programme. Details
can be found on the WMO/GAW website at http://
www.wmo.int. The WMO/GAW Scientific Advisory
Group for ozone (SAG ozone) is responsible with
the JSSC of OPAG-EPAC (Joint Scientific Steering
Committee of the Open Programme Area Group on
Environmental Pollution and Atmospheric Chemistry)

To assist in the latter, there are numerous Quality
Assurance/Science Activity centres that conduct
intercomparisons and provide audits and training
at the national and international level. The WMO/
GAW Station Information System (GAWSIS) http://
www.empa.ch/gaw/gawsis/ is an on-line query and
mapping facility supported by the MeteoSwiss WMO/
GAW Programme and EMPA, Dübendorf (CH) that
documents the stations, their measurements and
points of contact, as well as up to date information
on data submission to the World Ozone and UV
Data Centre operated by Environment Canada.
The WMO/GAW World Ozone and UV Data Centre
collects, documents, and archives data and quality
assurance information and makes them freely
available to the scientific community for analysis
and assessments.

2.2. Total ozone observations

Figure 2. The current network of Dobson stations.
Map produced at World Ozone and Ultraviolet
Radiation Data Centre (WOUDC), based on data
submission since 2004.

Dobson
Within the WMO/GAW Global Atmospheric Ozone
Monitoring Network, total ozone is measured and
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Operational Dobsons at Stations
Figure 3. The structure of the calibration system of Dobson Spectrophotometers. Figure adapted from Karel
Vanicek, Czech Hydrometeorological Institute (CHMI).
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reported regularly at about 80 stations by Dobson
instruments (see Figure 2). The longest continuous
data series is from the Swiss Alpine site Arosa going
back to 1926. The station instruments of the present
network need to be regularly compared (at least
once per 4 years) with regional standard instruments
by intercomparisons, which is done by side by side
comparison. The regional standard instruments are
compared at least in the same intervals with the
Dobson world primary instrument (see Figure 3).
The world primary Dobson instrument has been
calibrated by the Langley plot method at the Mauna
Loa Observatory at Hawaii at regular intervals since
1972. Figure 4 shows the results of the calibration
updates in total ozone measurements when
compared to the calibration of 1972, showing its
excellent instrumental stability.

Figure 6. The current network of NDACC UV-Vis
spectrometer stations. Map produced by Michel
van Roozendael, Belgian Institute for Space Aeronomy, based on information in the Measurement
and Analysis Directory on the NDACC web site
(http://www.ndacc.org)
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Brewer spectrophotometers
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The fifty Brewer stations regularly reporting total
ozone observations to WOUDC are shown in
Figure 5. The Brewer instrument is based on the
same basic measuring principle as the Dobson
spectrophotometer but using more modern
technology. It is commercially produced since the
middle of the 1980s. It is designed for automatic
measurements. The number of Brewer instruments
has been increasing during the last decades. The
WMO/GAW World Reference Standard is based on
the triad of instruments operated by Environment
Canada. An additional Brewer triad is located at
the Brewer calibration centre at Izaña (Tenerife)
operated by the Meteorological Institute of Spain
(Instituto Nacional de Meteorología). The Langley
plot measurements performed at Izaña provide
important redundancy of the calibration scale of the
Brewer Triad. Brewer instruments are supposed to
be compared with standard instruments (at least)
every two years.
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Figure 4. Calibration stability of the world primary Dobson Instrument (see text).

UV-Visible DOAS spectrometers
UV-Visible spectrometers using the Differential
Optical Absorption Spectroscopy (DOAS) technique
are deployed at several NDACC stations. Figure  6
shows a map of the global distribution of these
stations. Some of the stations use the standardised
SAOZ instrument developed at CNRS, France
and other use “home built” spectrometers. The
quality of the measurements is checked regularly

Figure 5. The current network of Brewer stations.
Map produced at World Ozone and Ultraviolet
Radiation Data Centre (WOUDC) based on data
submission since 2004 .
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through intercomparisons where a large number
of instruments are compared side by side. New
instruments are not accepted in the network until
they have proven their performance through an
intercomparison campaign.

solute concentrations affect the measurements of
the ozone profiles. Sonde intercomparisons in the
JOSIE environmental simulation chamber in Jülich,
intercomparisons with many combinations of sensor
brand and solute concentration conducted on the
same balloon carrying a reference UV-photometer
(e.g. BESOS campaign), and measurements of
two sondes from the same balloon (dual flights) are
used to study the influence of these factors on profile
measurements from ECC sondes. The vertical
resolution, taking into account the response time of
the ECC sensor is about 200-300 m.

2.3. Ozone profile measurements

Ozonesondes
Ozone profile measurements from small balloons
(1200 to 2000 g) have been regularly performed
by electrochemical sensors since the early 1970s.
Today most stations use electrochemical ECC
sondes.

The 25 ozonesonde stations affiliated with NDACC
are shown in Figure  9. The ECC sonde was accepted
as an NDACC measurement in 1995. Many of these
stations are also WMO/GAW stations. NDACC has
served to promote additional stations, filling gaps in
remote areas that are not otherwise accessed by
GAW members.

Additional ozonesonde stations in the tropics have
been established within the project SHADOZ,
supported by NASA. The thirteen SHADOZ stations
are shown in Figure 8. They are jointly operated with
WMO/GAW.
ECC sensors are produced by two manufacturers
and two different solute concentrations are currently
used in the network. Both make of sensor and

The entire ozonesonde network, combining GAW,
SHADOZ and NDACC is shown in Figure 10. This
network should be considered as a GCOS Global
Baseline Profile Ozone Networks.

Figure 7. The current network of GAW ozonesonde
stations. Map produced at World Ozone and Ultraviolet Radiation Data Centre (WOUDC) based
on data submission since 2004.

Figure 9. The current network of NDACC
ozonesonde stations. Map produced from information in the Measurement and Analysis Directory
on the NDACC web site (http://www.ndacc.org)

Southern Hemisphere Additional Ozonesondes (SHADOZ)

Am. Samoa

Heredia
San
Cristobal

Cotonou
Natal
Ascension
Is.

Kuala Lumpur

Nairobi
Malindi
Irene

Watukosek
Java
La
Réunion

Fiji

Figure 8. The current network of SHADOZ
ozonesonde stations. Map produced by Jacquelyn
Witte, NASA Goddard Space Flight Center.

Figure 10. The combined network of GAW,
SHADOZ and NDACC ozonesonde stations.
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considered as contributors to a GCOS Reference
Upper Air Network.
The network of NDACC ozone lidar stations is shown
in Figure 11. The NDACC stations with microwave
spectrometers that measure profile ozone are shown
in Figure 12. Most of these stations are also WMO/
GAW stations.

2.4. Other Essential Climate Variables
In addition to ozone, the NDACC network has a
number of sites that also measure other ECVs.
Several sites are equipped with lidars that can
measure the temperature profile in the altitude
range from 20-80 km. Microwave radiometers,
in addition to measuring ozone profiles, can also
at some stations measure water vapour in the
stratosphere and mesosphere. A map showing the
NDACC stations with temperature lidars is shown
in Figure 13. Microwave stations within NDACC
that measure stratospheric and mesospheric water

Figure 11. The network of NDACC ozone lidar
stations. Yellow stars indicate candidate stations.
Map produced from information in the Measurement and Analysis Directory on the NDACC web
site.

Figure 12. The network of NDACC stations
equipped with microwave radiometers for measuring ozone. Map produced from information in
the Measurement and Analysis Directory on the
NDACC web site.

Figure 13. The network of NDACC temperature
lidar stations. Map produced from information on
the NDACC web site.

Ozone lidars and microwave radiometers
In addition to ECC sondes, lidars and microwave
radiometers are used to determine upper air ozone
profiles. Lidars typically cover the altitude range 1050 km and microwave radiometers cover the range
from 20 km to 70 km. The vertical resolution of a
lidar ozone profile is typically around 100-200 m.
A microwave profile has a vertical resolution of
approx. 5-10 km. In the same way as with UV-Vis
spectrometers, lidars and microwave radiometers
in the NDACC network go through regular
intercomparisons and new instruments must prove
the quality of the measurements before accepted
as part of NDACC. It is suggested that the ozone
profile measurements carried out in NDACC with
ozone lidars and microwave instruments should be

Figure 14. The network of NDACC microwave
radiometers measuring water vapour. The yellow
star represents a possible future station at Summit, Greenland. Map produced from information
on the NDACC web site.
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vapour are shown in Figure 14. It is proposed that
the temperature lidars and water vapour microwave
radiometers of NDACC contribute to a GCOS
reference network.

Activating or deactivating sites
All sites are long term in nature and adhere to
rigorous siting criteria that avoid local sources. Sites
have been and continue to be selected to answer
pressing scientific questions, which evolve with
time, and to detect and attribute changes in ozone,
climate and climate forcing. Examples of current
questions include the following:

2.5. Network Configuration
The WMO/GAW Global Atmospheric Ozone
Monitoring Network consists of WMO/GAW Global,
Regional, and contributing partner stations (e.g.
SHADOZ and NDACC). WMO/GAW stations
are operated by WMO member states, while
contributing partner stations are operated by other
independent networks. Total ozone (Dobson and
Brewer spectrophotometers) and profile ozone
(ozonesondes) measurements are carried out
according to standard operating procedures and
data quality objectives developed by the WMO
Ozone SAG across GAW and contributing networks.
Dobson, Brewer and sonde data are submitted to
the World Ozone and UV Data Centre (WOUDC) in
Canada, either directly from the stations or via the
NDACC and SHADOZ data centres. The network,
though quite extensive in its global coverage,
continues to grow to match the needs of the climate
research community as defined periodically in the
WMO/UNEP and IPCC scientific assessments.
Currently there are gaps in Asia, Africa and South
America. Although satellite data are not a formal part
of these networks, WMO/GAW, through its Strategic
Plan 2008-2015, is developing the capability to link
and integrate surface-based, aircraft and satellite
data following the requirements of the IGOS-IGACO
strategy.



What is the response of the ozone layer to the
phase-out of CFCs and halons?



What is the response of the ozone layer to changes in large-scale circulation patterns, such as the
Brewer-Dobson circulation.



What is the response of the ozone layer to changes
in stratospheric temperatures?



What is the response of the ozone layer to new
threats to ozone layer, such as rapidly increasing
substitutes (e.g. HCFC-22)?



Is the amount of water vapour in the stratosphere
increasing?



What is the response of the climate system to the
changes in ozone and water vapour?



How will future climate change affect the ozone
layer?



When will the ozone layer recover?

New sites are added to the GAW, SHADOZ
and NDACC networks only if they meet quality
assurance and data reporting criteria set by the
SAG (GAW), by the SHADOZ PI or by the NDACC
Steering Committee. The GAW quality control and
data reporting criteria are outlined in the WMO/GAW
Publication No. 143, Global Atmosphere Watch
Measurements Guide. This guide specifies the site
requirements, methods of measurement, sampling
frequency, quality control and assurance, ancillary
measurements, archiving procedures, and data
treatment for a number of atmospheric constituents.
If the sites are part of a contributing network, inclusion
is straightforward in that the contributing network
will already have met the GAW quality control and
data reporting criteria. Any site, however, must be
established with the intention of operating as a
long term site if it is to be included in the network.
Typically, a period of successful performance of
three years is required before a new site is added
(see also section 6).

Brewer measurements carried out at the Argentinian station San Martin on the Antarctic Peninsula.

Most commonly, sites are deactivated due to
12
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A
polyethylene balloon is
launched with a
large payload of
ozone instruments
during the BESOS
campaign in Laramie, Wyoming in
April 2004.

Dobson
calibration
and
the
WMO/GAW
station
Kenya.

training
at
in
Nairobi,

A web site with information on Dobson calibration
is maintained by the Dobson Ad-Hoc Committee
(DAHC) of WMO and hosted by the Czech
Hydrometeorological Institute.

cessation of funding. However, some are deactivated
if they offer little in the way of unique information or if
they experience sustained and expensive difficulties
in operation. Site deactivation is rare in GAW. In
NDACC, site deactivation is handled by the Steering
Committee and the reasons for deactivation are the
same as in GAW. Also here, site deactivation is
rare.

Because of the contributions of its many partners
who are dedicated to generating the highest quality
data, WMO/GAW is able to adapt to pressing global
needs driven by new scientific questions, to provide
exemplary quality assurance mechanisms, to remain
up-to-date with developments in instrumentation
and data management, and to develop useful and
informational products and services for the global
community.

Contributors to GAW for total ozone
Fifty-two countries are registered in WOUDC as
actively contributing total ozone data from Dobson
and/or Brewer instruments. GAW contributors
also develop and provide network operational
products, such as Global and Regional calibration
centres. They contribute at a number of levels, from
collecting and analyzing data, to providing quality
control, to producing documents and products such
as those delivered by the WOUDC. For instance,
the World Calibration Centre for Dobson supported
by NOAA/ESRL/GMD has a long history of on site
calibrations, audits, training and maintenance at
stations in developing countries and occasionally in
developed countries. In addition, there are regional
Dobson calibration centres hosted by Servicio
Meteorologíco Nacional (Buenos Aires, AR),
Japan Meteorological Agency (Tokyo, JP), Bureau
of Meteorology (Melbourne, AU) and Deutsche
Wetterdienst (Hohenpeissenberg, DE).
The World Reference for Brewer measurements is
held by the Environment Canada and a Regional
Calibration Centre is hosted by Instituto Nacional de
Meteorología, at Izaña, Tenerife, Spain.

Daylight lidar measurement carried out at the
NDACC station at the ALOMAR observatory,
Andøya, Norway (69ºN, 16ºE).
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can address several other issues than just ozone
depletion, such as temperature change, changes in
water vapour and atmospheric aerosols. The regions
of the atmosphere that are observed range from the
free troposphere to the mesosphere. The network
consists of more than 70 stations distributed in the two
polar regions, middle latitudes in both hemispheres
and in the tropics. These stations are operated by
institutions from 21 countries. The observations and
related research are funded through national funding
and funding from the European Commission through
the Framework Research Programmes. NDACC
operations started in 1991 and the number of stations
is still increasing. The main goals of the network
are to provide consistent, standardised long-term
measurements of atmospheric temperature, trace
gases, particles, ultraviolet radiation and physical
parameters centered around the following priorities:

Contributors to GAW for ozonesonde profile data
Thirty countries are registered in WOUDC as
actively contributing ozone profile data from
ozonesondes. The WMO World Calibration Centre
for Ozonesondes is hosted by Forschungszentrum
Jülich, Germany. Several Jülich Ozone Sonde
Intercomparison Experiments have been carried out
during the last decade in order to understand the
characteristics and differences between different
types of ozonesondes. The Balloon Experiment on
Standards for Ozone Sondes (BESOS) was hosted
by the University of Wyoming in April 2004 and
one compared a payload of 12 ozonesondes with
a UV ozone photometer. Several workshops have
been held to discuss the results of the campaign
and these results will lead to official WMO Standard
Operating Procedures for ozonesondes. Most of the
stations that earlier used the Brewer-Mast sondes
have switched to the more modern ECC sondes.
Dual flights have been carried out at these stations
over a period of several years in order to being able
to splice the times series. Dual flights have also
been carried out a number of stations with the two
main brands of ECC ozonesondes to obtain a better
understanding of the differences between them.

Contributors to SHADOZ for ozonesonde profile
data
A number of stations were operating in the southern
hemisphere tropics and subtropics, but with differing
frequency and reporting procedures. SHADOZ
(Southern Hemisphere ADditional OZonesondes)
was designed to remedy this data discrepancy, by
coordinating launches, supplying additional sondes
in some cases, and by providing a central archive
location. Data are collected in a timely manner and
made available through the SHADOZ website to the
scientific community as a whole. Several institutions
contribute to the SHADOZ network, with station
facilities and purchase of ozonesondes. Among the
contributors are NASA, NOAA and MeteoSwiss.



To study the temporal and spatial variability of atmospheric composition and structure in order to
provide early detection and subsequent long-term
monitoring of changes in the physical and chemical
state of the stratosphere and upper troposphere; in
particular to provide the means to discern and understand the causes of such changes.



To establish the links between changes in stratospheric ozone, UV radiation at the ground, tropospheric chemistry, and climate.



To provide independent calibrations and validations of space-based sensors of the atmosphere
and to make complementary measurements.



To support field campaigns focusing on specific
processes occurring at various latitudes and seasons.



To produce verified data sets for testing and improving multidimensional models of both the stratosphere and the troposphere.

2.6. Quality Assurance

WMO/GAW

Contributors to NDACC

The primary objective of the WMO/GAW Quality
Assurance (QA) system is to ensure that the
data deposited in the World Ozone and UV Data
Centre (WOUDC) are consistent, meet the WMO/
GAW data quality objectives and are supported by
comprehensive description of methodology. The
QA system involves Quality Assurance/Science
Activity Centres (QA/SACs) and Calibration Centres
that ensures the quality of observations through
adherence to measurement guidelines established

The Network for the Detection of Atmospheric
Composition Change (NDACC) changed its name
from Network for the Detection of Stratospheric
Change (NDSC) in 2005 in order to reflect the
increased breath of measurement techniques and
related research. When the network was planned
during the latter half of the 1980s, the focus was
stratospheric ozone depletion. However, it is
evident that the instruments deployed in NDACC
14
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by the Scientific Advisory Groups and through
calibrations that are traceable to World Calibration
Standards. The SHADOZ and NDACC ozonesonde
stations, which largely overlap with the GAW network,
follow the same QA routines as in GAW.



To harmonise measurement methodology at all stations using measurement guidelines and standard
operating procedures (SOPs);



To conduct regular intercomparison campaigns.

In addition, certain measurement principles are
parameter specific. These include the following:

Long-term
education,
training,
workshops,
calibrations station audits/visits and twinning are
also provided to build capacities in atmospheric
sciences in the WMO/GAW network (see photo
above). These capacity building activities are of
increased importance as many WMO/GAW stations
in developing countries have become operational.
WMO/GAW QA procedures address the quality of
an observation through maintenance of components
of the entire measurement process, from operational
procedures at stations to submission of properly
quality controlled data to the World Data Centre.
The recommended basic WMO/GAW QA principle
(WMO/GAW Strategy of Implementation, 2001
Report No.142) are as follows:



Use data quality objectives (DQOs) specifying tolerable levels of uncertainty, as well as completeness, comparability, and representativeness



Maintain full traceability to the World Reference
Standard for all measurements made by WMO/
GAW Global and Regional stations



Establish Standard Operating Procedures for the
measurements



Maintain a detailed “log book” documentation
of measurement methodology and procedures on
instruments, maintenance, and “internal” calibration

SHADOZ
As mentioned above, the QA procedures of
SHADOZ are the same as those of GAW as most of
the SHADOZ stations also are GAW stations.

NDACC
Commitment to data quality is essential to achieving
the goals of the Network and, thus, it is necessary
for complementary measurements to meet the same
standards as the primary stations. Quality control
procedures have been implemented to achieve
this by rigorous calibration measures and regular
intercomparisons. To ensure quality and consistency
of NDACC operations and products, a number of
protocols have been formulated covering such topics
as primary and complementary measurements, data,
instrument intercomparisons, theory and analysis,
and validation. The protocols can be accessed from
the NDACC Web site.

2.7. Data Archiving and Processing Centres
There are six WMO/GAW WDCs, each responsible
for archiving one or more WMO/GAW measurement
parameters or measurement types. The data centres
are operated and maintained by their individual host
institutions. They collect, document, and archive
atmospheric measurements and the associated
metadata from measurement stations world-wide,
and make these data freely available to the scientific
community. In some cases, WDCs also provide

Launch of an ozonesonde from the GAW/SHADOZ
station Irene, Pretoria, South Africa.
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additional products including data analyses, maps
of data distributions, and data summaries. The
most recent addition to the GAW family of WMO/
GAW World Data Centres has been established at
the German Aerospace Centre (DLR). This data
centre will give one-stop access to satellite data on
atmospheric composition.

change, for example, from new calibrations. For this
reason, data providers at individual stations should
always be contacted directly for detailed information
on such changes. So that data providers are given
appropriate recognition, scientists accessing the
data are required to accept the following conditions
set forth by the CAS WG and supported by the
Thirteenth Session of CAS:

Figure 15 shows the flow of ozonesonde data.
For historical reasons, and because stations have
different sources of funding, any single station can
belong to one or more of the networks under the
WMO/GAW umbrella.

For scientific purposes, access to these data is unlimited and provided without charge. By their use
you accept that an offer of co-authorship will be
made through personal contact with the data providers or owners whenever substantial use is made

The data residing in the WDCs are always subject to
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Figure 15. Ozonesonde data flow. The large oval with the GAW logo represents the entire ozonesonde network.
Within this global network there are sub-networks, such as SHADOZ, NDACC and the European ozonesonde
network. Each of these sub-networks has its own data centre. The sub-networks are more or less overlapping,
with some stations belonging to two or more sub-networks. Most European ozonesonde stations send their
data in near-real time to the data centre at NILU, where the data is translated into the CREX format and
then passed on to ECMWF that uses the data for model validation. All data finally end up at the WMO World
Ozone and Ultraviolet Radiation Data Centre in Toronto, which should be considered the final repository for
ozonesonde data. Red arrows depict near-real time data flow.
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of their data. In all cases, an acknowledgement
must be made to the data providers or owners and
the data centre when these data are used within a
publication.

Data archive of SHADOZ
The SHADOZ web site (http://croc.gsfc.nasa.gov/
shadoz/ ) gives easy access to the all the data
collected from the SHADOZ network. A clickable
map of the stations leads to the data base where
one can download data or look at ready-made plots
of the data. The data are stored in a simple selfexplanatory ASCII format.

The World Ozone and Ultraviolet Radiation Data
Centre (WOUDC) was established in Toronto by
Environment Canada in 1960 and collects and
distributes data on total ozone and ozone profiles
(obtained by ozone sondes and the Umkehr
method). Simultaneously measured meteorological
parameters measured by the ozone sondes are also
recorded at WOUDC.

2.8. Data
Application

Analysis,

Distribution,

Data archive of NDACC
The NDACC data protocol states that investigators
should submit data within one year of the
measurement. The data will then reside for one
year in a limited-access part of the data centre. After
that it is copied to an anonymous ftp site for public
access. Investigators can of course tell the data
centre manager to make data available earlier than
required in the data protocol. This arrangement is
seen as the best compromise between the intellectual
property rights of the investigators and the interests
of the scientific community at large. The data are
stored in the NASA Ames format (ASCII) and can be
accessed through the NDACC web site (http://www.
ndacc.org).

and

GAW Station Information System (GAWSIS)
The Swiss institute EMPA hosts the GAWSIS web
site (http://www.empa.ch/gaw/gawsis). This is a
very useful tool for obtaining an overview of the
GAW system. It contains detailed information on
measurement programmes, contact persons, exact
location of stations and also a direct link to the ozone
data stored at WOUDC.

Other Data Centres

World Ozone and Ultraviolet Radiation Data
Centre, WOUDC

The British Atmospheric Data Centre (http://badc.
nerc.ac.uk/home/index.html) contains a copy of the
NDACC data centre.

From this web site (http://www.woudc.org), anyone
can access measurement data that have been
contributed by ozone stations throughout the world.
Users are requested to note that they should properly
reference the data should they use or publish them
by citing the contributors and the source of the data.
Some examples of data distribution products are as
follows:



Searchable station directory and metadata



Downloads of all data collected by WOUDC



Graphical Presentations of all WOUDC data (updated monthly)



WOUDC Data Summary



Monthly updated master file that contains all total
ozone data received by WOUDC



Utility for producing maps of stations that fulfil
certain criteria

The Norwegian Institute for Air Research (NILU)
collect ozonesonde data from European ozonesonde
stations in near-real time (same day), convert them
to CREX and pass them on to the European Centre
for Medium-Range Weather Forecasts (ECMWF).

WMO Secretariat
WMO/GAW, at the request of the CAS, produces
the biweekly Antarctic Ozone Bulletins during the
ozone hole season from August to December every
year since the late 1980s. The Arctic Ozone Bulletin
is issued annually since 2006. These bulletins make
extensive use of both near real time data and longterm climatological data from a number of GAW and
NDACC stations. Satellite data is also used to fill in
the picture.

Assessments
The quadrennial WMO/UNEP Scientific Assessment
of Ozone Depletion is demanded through the
Vienna Convention for the Protection of the Ozone
Layer. This assessment, which involves several

Data are stored in ASCII format and are easy to
import into various programs, such as Excel.
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hundred scientists, represents the most authoritative
overview of the state of atmosphere with respect to
stratospheric ozone and source gases. Ultraviolet
radiation is also covered by the assessment. The
assessment makes extensive use of data from all
the three networks discussed here.

Strategy for the Implementation of the Global Atmosphere Watch
Programme (2001-2007), A Contribution to the Implementation
of the Long-Term Plan (WMO TD No.1077) PDF (437 kb)
WMO, WMO GAW International Comparisons of Dobson
Spectrophotometers at the Meteorological Observatory,
Hohenpeissenberg, Germany, WMO/GAW Rep. 145, U.
Köhler, 2002.
Comparison of total ozone measurements of Dobson and Brewer
spectrophotometers and recommended transfer functions, J.
Staehelin, J. Kerr, R. Evans and K. Vanicek, GAW (Global
Atmosphere Watch) Report 149, World Meteorological
Organization (WMO), Geneva, 2003.
Current activities of the Global Atmosphere Watch Programme (as
presented at Cg-XIV, May 2003) (WMO TD No. 1168) PDF
(404 kb)
Addendum for the period 2005-2007 to the Strategy for the
implementation of the Global Atmosphere Watch Programme
(2001-2007), WMO/GAW Report No. 142, (WMO TD No.
1209) PDF (277 kb)
The Integrated Global Atmospheric Chemistry Observations
(IGACO) Report of IGOS-WMO-ESA (September 2004) (WMO
TD No. 1235) PDF (22.9 MB) (Warning: large file)
WMO/GAW Strategic Plan 2008-15, in press.

2.9. Important Web Sites Related To GAW,
NDACC and SHADOZ
Although there are hundreds of websites relating to
WMO/GAW, SHADOZ, NDACC, its partners, and
its products, some of the key sites for additional
information are as follows:
WMO/GAW Home

http://www.wmo.ch/web/arep/gaw/
gaw_home.html

WMO/GAW Strategic Plan

http://www.wmo.ch/web/arep/gaw/
gawreports.html
Reports #142 & 156

GAWSIS

http://www.empa.ch/gaw/gawsis

NDACC home page

http://www.ndacc.org

NDACC Microwave

http://www.iapmw.unibe.ch/research/
collaboration/ndsc-microwave/

NDACC ozonesondes

http://www.nilu.no/projects/ndsc/
sondes.html

NDACC satellite working group

http://www.oma.be/NDSC_SatWG/
Home.html

NDACC Theory working group

http://www.see.leeds.ac.uk/ndacc

SHADOZ

http://croc.gsfc.nasa.gov/shadoz

DWD/CHMI

http://www.chmi.cz/meteo/ozon/dobsonweb/welcome.htm

WOUDC

http://www.woudc.org

NOAA/GMD

http://www.esrl.noaa.gov/gmd/

IGACO-Ozone/UV

http://www.igaco-o3.fi

Regional Dobson Calibration Centre
for Asia

http://gaw.kishou.go.jp/wcc.html

Regional Brewer Calibration Centre
for Europe, Izana, Tenerife

http://www.iberonesia.com/rbcce/index.htm

BESOS campaign

http://croc.gsfc.nasa.gov/besos/

JOSIE

http://www.fz-juelich.de/icg/icg-ii/josie/

NADIR data centre at NILU

http://www.nilu.no/nadir &
http://nadir.nilu.no

3. Development activities
3.1. On-going Activities
WMO/GAW partners all aim to improve application
of the data base. These improvements are related
to evolving scientific questions (Section 2.2.3). The
SOPs of Dobson instrument are currently being
updated and the SOPs for Brewer instruments and
ECC sondes are in preparation and near completion.
In addition, the collaboration between SAG ozone
and the NDACC Steering Committee is planned to
be improved.

IGACO
IGACO (International Global Atmospheric Chemistry
Observations) is a strategy for bringing together
ground-based, aircraft and satellite observations of
13 chemical species in the atmosphere. IGACO will
be implemented as a strategic element of the GAW.
The implementation will be organised in four focus
areas: Ozone/UV, Aerosols, Greenhouse gases and
Air Quality/Long-range transport. Activities in each
focus area will be coordinated by a WMO, jointly
with an IGACO Theme Office hosted by a research
institution in the field. The IGACO-Ozone/UV Office
is hosted by the Finnish Meteorological Institute and
it has been operation since October 2005. Several
workshops have been arranged as IGACO-Ozone/
UV activities and emphasis is on data integration,
data assimilation, data access, NRT data delivery
and better tools for data analysis and visualisation.
More information can be found on the IGACOOzone/UV web site (see table in section 2.9).

2.10. Relevant WMO/GAW Reports
These reports are available for download from the
WMO/GAW web page.
Komhyr, W.D., Operations handbook: Ozone observations with a
Dobson spectrophotometer, Global Ozone Res. and Monit.
Proj., Rep. 6, WMO, Geneva, Switzerland, 1980.
WMO, Report of the Tenth WMO International Comparison of
Dobson Spectrophotometers, WMO/GAW Rep. 108, 1996.
WMO, Reports on WMO International Comparisons of Dobson
Spectrophotometers, WMO/GAW Rep. 138, 2001.
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3.2. Planned Activities
As noted earlier, the WMO/GAW network continues
to expand with scientific needs, in collaboration with
SHADOZ and NDACC. An important research topic
concerns documenting the effect of the reduction
of ozone depleting substances (ODS) on the
ozone layer. While the decrease of anthropogenic
release of ODS, enforced by the Montreal Protocol,
is well documented through the decreasing ODS
concentrations in the troposphere, its influence on
the ozone layer is much more difficult to quantify.
Further activities aiming at integrating groundbased, satellite and regular aircraft measurements
are planned for IGACO-Ozone/UV, for which the
implementation plan is currently in review.

Froidevaux, L., Read, W. G., Lungu, T. A., Cofield, R. E.,
Fishbein, E. F., Flower, D. A., Jarnot, R. F., Ridenoure, B. P.,
Shippony, Z., Waters, J.W., Margitan, J. J., McDermid, I. S.,
Stachnik, R. A., Peckham, G. E., Braathen, G., Deshler, T.,
Fishman, J., Hofmann, D. J., and Oltmans, S. J.: Validation
of UARS microwave limb sounder ozone measurement, J.
Geophys. Res.-Atmos., 101, 10 017–10 060, 1996.
Johnson, B. J., S. J. Oltmans, H. Vömel, H. G. J. Smit, T.
Deshler, and C. Kroger, Electrochemical concentration cell
(ECC) ozonesonde pump efficiency measurements and
tests on the sensitivity to ozone of buffered and unbuffered
ECC sensor cathode solutions, J. Geophys.Res., 107(D19),
4393, doi:10.1029/2001JD000557, 2002.
Johnston, H., Reductions of stratospheric ozone by nitrogen
oxide catalysts from supersonic transport exhaust, Science,
173, 517-522, 1971.
Keckhut P, McDermid S, Swart D, et al., Review of ozone and
temperature lidar validations performed within the framework
of the Network for the Detection of Stratospheric Change,
Journal of Environmental Monitoring, 6 (9), 721-733 2004.
Molina, M.J., and Rowland, F.S., Stratospheric sink for
chlororfluoromethanes, chlorine atom catalyzed destruction
of ozone, Nature, 249, 810-812, 1974.
Pommereau, J.-P., and F. Goutail, O3 and NO2 ground-based
measurements by visible spectrometry during Arctic winter
and spring 1988, Geophys. Res. Lett., 15, 891-894, 1988.
Staehelin, J., Renaud, A., Bader, J., McPeters, R., Viatte, P.,
Högger, B., Bugnion, V., Giroud, M., and Schill, H., Total
ozone series of Arosa (Switzerland). Homogenization and
data comparison, J. Geophys. Res., 103, 5827-5841, 1998.
Staehelin, J., Harris, N.R.P., Appenzeller, C. and Eberhard, J.,
Ozone trends: A review, Rev. Geophys., 39, 231-290, 2001.
Steinbrecht, W., H. Claude, F. Schönenborn, I. S. McDermid,
T. Leblanc, S. Godin et al., Long-term evolution of upper
stratospheric ozone at selected stations of the Network for
the Detection of Stratospheric Change (NDSC), J. Geophys.
Res., 111, D10308, doi:10.1029/2005JD006454, 2006.
Stolarski, R.S. and Cicerone, R.J., Stratospheric chlorine: A
possible sink for ozone, Can. J. Chem., 52, 1610-1615,
1974.
Thompson, A., J.C. Witte, H.G.J. Smit, S.J. Oltmans, B.J.
Johnson, V.W.J.H. Kirchhoff, F.J. Schmidlin, Southern
Hemisphere Additional Ozonesondes (SHADOZ) 19982004 tropical ozone climatology: 3. Instrumentation,
station-to-station variability, and evaluation with simulated
flight profiles, J. Geophys Res., 112, D03304, doi:10.1029/
2005JD007042, 2007.
Vandaele, A.C., Fayt C., Hendrick, F., et al., An intercomparison
campaign of ground-based UV-visible measurements of
NO2, BrO, and OClO slant columns: Methods of analysis
and results for NO2, J. Geophys. Res., 110 (D8), Art. No.
D08305 APR 26, 2005.
WMO, Atmospheric Ozone, 1985, World Meteorological
Organization, Chapt. 14 (Ozone and Temperature trends),
Global Ozone Res. and Monit. Proj., Rep. 16, Vol. III, WMO,
Geneva, Switzerland, 1986.
WMO, 1989, Report of the International Ozone Trends Panel
1988, Global Ozone Res. and Monit. Proj., Rep. 18, Geneva,
1989.
WMO, Scientific Assessment of Ozone Depletion: 2006, Global
Ozone Research and Monitoring Project - Report no. 50,
Geneva, 2007.

In order to obtain high quality global ozone data
sets from satellite instruments suitable for longterm trend analysis, the validation of satellite by
high quality ground based measurements has
high priority. Historically WMO/GAW was more
involved in the QA/QC of ground based data. By
implementing IGACO, WMO becomes more involved
in comparison of satellite and ground based ozone
measurements. For more details ask for the IGACOOzone-UV implementation plan, which is currently
under review.
NDACC is now putting more emphasis on water
vapour in the free troposphere, stratosphere and
mesosphere. There are large uncertainties around
the trend of stratospheric water vapour, with satellite
data and frost-point hygrometer data giving opposite
results for the last few years. Water vapour is
already measured by some microwave instruments
and some lidar systems. However, there is a need
for balloon soundings to collect data in the upper
troposphere and lower and middle stratosphere.

4. Significant research results

Braathen, G.O., S. Godin-Beekmann, P. Keckhut, T. J. McGee,
M. R. Gross, C. Vialle, A. Hauchecorne, Intercomparison of
stratospheric ozone and temperature measurements at the
Observatoire de Haute Provence during the OTOIC NDSC
validation campaign from 1–18 July 1997, Atmos. Chem.
Phys. Discuss., 4, 5303-5344, 2004.
Deuber, B., N. Kämpfer and D. G. Feist: A new 22 -GHz Radiometer
for Middle Atmospheric Water Vapor Profile Measurements,
IEEE Transactions on Geoscience and Remote Sensing, Vol.
42, No. 5, 2004, (doi:10.1109/TGRS.2004.825581)
Farman, J.C., Gardiner, B.G., and Shanklin, J.D., Large losses of
total ozone in Antarctica reveal seasonal ClOx/NOx interaction,
Nature, 315, 207-212, 1985.
Fioletov, V.E, Kerr, J.B., McElroy, C.T., Wardle, D.I., Savastiouk, V.,
and Grajnar, T.S., The Brewer reference triad, Geophys. Res.
Lett., 32, 20,805, 2005.

5. Problems and issues

The requirements for proper data quality
documentation of ECC sondes will be adopted in
WOUDC and data quality documentation of ground
based total ozone measurements at WOUDC will
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be improved. An outstanding problem is still the
data quality of total ozone measurements at polar
sites during low solar elevation, and the systematic
differences in seasonal variation of Dobson and
Brewer observations needs to be addressed.

use and interpretation should be included as essential elements of climate monitoring systems.

Given the maturity of the global ozone measurement
community and the GAW, SHADOZ and NDACC
networks, it can generally be concluded that the
monitoring principles of GCOS are heeded for the
most part when they apply to individual stations, but
gaps arise when collective action globally needs to
be taken. Thus, principles 1, 2, 6 are very much part
of the WMO/GAW community practice.

6. Adherence to GCOS Monitoring
Principles
The ten basic GCOS Climate Monitoring Principles
are as follows:

Principle 3 regarding the importance of archiving
and utilizing calibration, validation and other quality
assurance data is recognized by the WMO/GAW
community but can always use more assistance
from partnership with GCOS and the AOPC. Within
NDACC this principle forms the basis of the operation
of the Network.

1. The impact of new systems or changes to existing
systems should be assessed prior to implementation.
2. A suitable period of overlap for new and old observing systems should be required.
3. The results of calibration, validation and data homogeneity assessments, and assessments of algorithm changes, should be treated with the same
care as data.

Principle 4 on extreme events can be applied to
phenomena such as the Antarctic ozone hole.
The measurement systems of GAW, SHADOZ
and NDACC are very well suited to characterise
such extreme events. It suffices to mention that
the Antarctic ozone hole was first discovered
thanks to total ozone observations with a Dobson
spectrophotometer deployed at the British station
Halley in Antarctica.

4. A capacity to routinely assess the quality and homogeneity of data on extreme events, including
high-resolution data and related descriptive information, should be ensured.
5. Consideration of environmental climate-monitoring
products and assessments, such as IPCC assessments, should be integrated into national, regional
and global observing priorities.

Principle 5 on the link of the GCOS network to
outstanding questions identified by IPCC and other
assessments is totally relevant and indeed shapes
the GAW, SHADOZ and NDACC measurement
programmes.

6. Uninterrupted station operations and observing
systems should be maintained.

Principle 7 on priority to filling gaps in data sparse
areas is directly addressed in the WMO/GAW
strategic plan and mission. It is also the mission of
NDACC to fill gap in data sparse areas, especially
in the Tropics.

7. A high priority should be given to additional observations in data-poor regions and regions sensitive
to change.
8. Long-term requirements should be specified to
network designers, operators and instrument engineers at the outset of new system design and
implementation.

Principle 8 on optimal design for long term
requirements is very much a part of the ozone
observing community. There is a lot of emphasis on
long-term stability of measurements due to the need
for data for trend analyses.

9. The carefully-planned conversion of research observing systems to long-term operations should be
promoted.

Principle 9 expressing the need to stabilize
observations that initially were conducted as project
research has long ago been addressed by the WMO/
GAW community who favour routine observations to
be conducted within the framework of a group that
is also conducting research and able to adapt to
changes in long term measurement strategy dictated
by the IPCC scientific assessment.

10. Data management systems that facilitate access,

	 The ten basic principles were adopted by the Conference of the Parties (COP)

to the United Nations Framework Convention on Climate Change (UNFCCC)
through decision 5/CP.5 at COP-5 in November 1999. The complete set of principles was adopted by the Congress of the World Meteorological Organization
(WMO) through Resolution 9 (Cg-XIV) in May 2003; agreed by the Committee
on Earth Observation Satellites (CEOS) at its 17th Plenary in November 2003;
and adopted by COP through decision 11/CP.9 at COP-9 in December 2003.
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Principle 10 coincides with the plan to implement
IGACO-Ozone/UV, where the aim is to improve
data access and availability of tools for analysis and
visualisation.

More details of GAW adherence to monitoring
principles are given in the agreement document
(Annex II).
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Annex II

ozonesonde stations is shown in Map 2.
Moreover, it should be explored how selected
NDACC stations with lidars, microwave radiometers
and UV-Visible spectrometers can contribute to a
GCOS Reference Upper Air Network (GRUAN).

Agreement between GCOS and WMO/GAW,
SHADOZ and NDACC
This agreement presents the terms and conditions
by which the ozone component of WMO/GAW,
with its contributing networks SHADOZ (Southern
Hemisphere ADditional
OZonesondes)
and
NDACC (Network for the Detection of Atmospheric
Composition Change), proposes to satisfy the
requirements for being identified as a Global
Baseline Total Ozone Network (GBTON) and a
Global Baseline Profile Ozone Network (GBPON) of
the Global Climate Observing System (GCOS) for
the Essential Climate Variables (ECVs) total ozone
and profile ozone. All the total ozone stations belong
to WMO/GAW. A map showing the location of the
132 sites that measure and report total ozone is
shown in Map 1.

1. WMO/GAW will remain institutionally and organisationally as it currently is within the domain of
the World Meteorological Organization’s Global
Atmosphere Watch (WMO/GAW) programme of
the Atmospheric Research and Environment Programme (AREP) under the Commission for Atmospheric Science (CAS). The total ozone network will
be identified in all GCOS documentation and distributions as a GCOS baseline network with the title
“WMO/GAW GCOS Global Baseline Total Ozone
Network”, or after definition in the document, in
the short form “WMO/GAW GCOS GBTON”. The
ozonesonde network will be identified in all GCOS
documentation and distributions as a GCOS baseline network with the title “WMO/GAW GCOS Global Baseline Profile Ozone Network”, or after definition in the document, in the short form “WMO/GAW
GCOS GBPON”. The SHADOZ ozonesonde network will continue to be coordinated by the current
principal investigator, Prof. Anne Thompson, Penn
State University with support from NASA. NDACC
will remain institutionally and organisationally as it
currently is, coordinated by the NDACC Steering
Committee and supported by a large number of institutions and funding agencies from more than 20
countries.

The large majority of ozonesonde stations belong to
WMO/GAW, but there are a few that are specific to
NDACC. In addition, some of the GAW ozonesonde
stations receive additional support through affiliation
with the SHADOZ network. A map of all the 63

2. Both WMO/GAW, SHADOZ, NDACC and GCOS
principals will agree to the items set forth in this
document.
3. WMO/GAW-Ozone, SHADOZ and NDACC will adhere to the GCOS Climate Monitoring Principles as
presented and discussed below.

Map 1. The 132 WMO-GAW stations measuring total ozone with Dobson and/or Brewer spectrophotometers.

4. New sites will be accepted into WMO/GAW-Ozone,
SHADOZ and NDACC consistent with Principle  #7.

The following summarizes how WMO/GAW,
SHADOZ and NDACC relate to each of the ten basic
GCOS Climate Monitoring Principles, the full set of
which were adopted by the World Meteorological
Organization Congress at its fourteenth session
through Resolution 9 (Cg-XIV). More discussion is
included in Annex I to the agreement.

Map 2. The 63 WMO-GAW + SHADOZ + NDACC
stations measuring profile ozone with ECC
ozonesondes.
22

GCOS AOPC-XIII
Doc. 25

Principle 5: Consideration of the needs for environmental and climate-monitoring products
and assessments, such as IPCC assessments, should be integrated into
national, regional and global observing
priorities.

Principle 1: The impact of new systems or changes
to existing systems should be assessed
prior to implementation.
Any change in observational methodology or instrumentation at WMO/GAW-Ozone stations must conform to the
standards and guidelines set by the GAW Scientific Advisory
Group on Ozone. Typically, it is part of the matureness of the
network that any changes that are made are done so after
careful planning. This principle also applies to SHADOZ
and the ozonesonde part of NDACC. NDACC instrumentation such as UV-Visible spectrometers, lidars and microwave
radiometers must be intercompared with NDACC reference
instruments before they obtain NDACC affiliation.

WMO/GAW’s purpose is to support the UNFCCC, which is
focused on climate issues. Dedication to long-term measurement is a fundamental principle in the WMO/GAW,
SHADOZ and NDACC frameworks. Research experts of the
three networks meet annually, working to maintain the relevance and high quality of these networks.
Principle 6: Operation of historically-uninterrupted
stations and observing systems should
be maintained.

Principle 2: A suitable period of overlap for new and
old observing systems is required.
It is common and accepted practice among WMO/GAW
contributors to maintain significant periods of overlap when
upgrading or updating on-site instrumentation. In addition,
WMO/GAW considers it essential for any measurement programme to have built-in redundancy and that inconsistencies be addressed (WMO/GAW Report #143, Global Atmosphere Watch Measurements Guide). The same practice is
used in SHADOZ and NDACC.

Because WMO/GAW, SHADOZ and NDACC are long-term
monitoring networks, with a time horizon of decades, all
sites are anticipated to be long-term measurement sites. The
oldest of these systems are clearly the most valuable and,
fortunately, often the most stable in terms of resourcing. Efforts are made to keep all sites running, but especially those
that have high quality, long-term records.
Principle 7: High priority for additional observations
should be focused on data-poor regions,
poorly-observed parameters, regions
sensitive to change, and key measurements with inadequate temporal resolution.

Principle 3: The details and history of local conditions, instruments, operating procedures, data processing algorithms and
other factors pertinent to interpreting
data (i.e., metadata) should be documented and treated with the same care
as the data themselves.

The WMO/GAW, SHADOZ and NDACC systems provide extensive global coverage for answering key questions about
global trends and variations in hemispheric gradients.
There are some identified gaps where sites are being sought
to help improve the understanding of spatial and temporal
variations. However, new scientific questions bring about
new gaps and the most recent of these questions have to do
with understanding the changes in stratospheric water vapour. More measurement sites and a variety of independent
measurement techniques are needed to address this question. The tropics is a data sparse region. The SHADOZ network alleviates some of the earlier shortcomings, but also in
WMO/GAW and NDACC there is a need for more observations in the tropical region. In NDACC, work is ongoing to
open a station in Mérida, Venezuela. Christmas Island in the
Pacific Ocean is another site that is being explored to fill the
tropical gap.

This is already an integral part of the data reporting and
data archival procedures within WMO/GAW, SHADOZ and
NDACC.
Principle 4: The quality and homogeneity of data
should be regularly assessed as a part
of routine operations.
WMO/GAW contributors are required to assess and evaluate the quality of their data before submittal to the WOUDC
and the SHADOZ and NDACC data centres. Submission of
data is required to be accompanied by appropriate metadata describing data quality and calibration history and
intercomparisons. One recognizes that there is no universal
scheme to ensure high-quality data; each programme should
develop a scheme, with guidance from other successful programmes, suitable to its own needs.

23

GCOS AOPC-XIII
Doc. 25

will continue to ensure that newly-developed observational
systems will be suitable for long-term, remote deployment
before being a required measurement of the programme.
This should satisfy the letter and intent of this monitoring
principle. GCOS confirms that this principle is primarily
intended to encourage establishment of strong, continuing
institutional support for all aspect of the ongoing network
activities.

Principle 8: Long-term requirements, including appropriate sampling frequencies, should
be specified to network designers, operators and instrument engineers at the
outset of system design and implementation.
This procedure is routine within WMO/GAW, SHADOZ and
NDACC and forms a cornerstone of the networks. Requirements and recommended procedures are documented in a
long-standing series of WMO/GAW publications and the
NDACC protocols. Operators are provided these materials
and the consultation and, sometimes, assistance necessary
to ensure their implementation.

Principle 10: Data management systems that facilitate access, use and interpretation of
data and products should be included as
essential elements of climate monitoring
systems.

Principle 9: The conversion of research observing systems to long-term operations in
a carefully-planned manner should be
promoted.

With support from WMO/GAW contributors and partners,
the WOUDC creates products, provides services, and makes
data available freely to any interested party. The same applies to SHADOZ and NDACC. Easy access to data and the
availability of tools is one of the main foci of the IGACOOzone/UV initiative and work is under way to create a complete overview of existing data bases, services and tools.
Many WMO/GAW partners provide useful services for access to data and graphical visualisation, but there is a need
to make an overview of existing services and to obtain a
better coordination of these services.

There is no distinction between research and long-term observations in the WMO/GAW, SHADOZ and NDACC programmes. The ozone community favours routine observations to be conducted within the framework of a group that
is also conducting research and is able to adapt to changes
in the long term measurement strategy dictated by the IPCC
scientific assessment. WMO/GAW, SHADOZ and NDACC
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AOPC AD-HOC WORKING GROUPS:
TERMS OF REFERENCE AND MEMBERSHIP

AOPC/OOPC Working Group on Surface Pressure (WG-SP)
The role of the GCOS/AOPC/OOPC Working Group on Surface Pressure (WG-SP) is to
promote the development of long-term, high-quality analyses of atmospheric surface pressure. The
WG-SP will normally operate through e-mail, so that direct meetings will generally not be
necessary. The specific Terms of Reference of the WG-SP are:
•

to promote the analysis of global surface pressure from both real-time and historical
sources using both daily and monthly data;

•

to record and evaluate differences among surface-pressure analyses through comparison
of basic products;

•

to recommend actions needed to ensure the quality and consistency of surface-pressure
analyses based on analysis of those differences;

•

to promote the recovery of atmospheric pressure data, including issues associated with
data access, archiving and maintenance;

•

to promote the comparison of the various types of barometers and pressure sensors
(including satellite estimates) used to measure surface pressure;

•

to report annually to the AOPC and OOPC on progress, recommendations and future plans
of the group.

Chairmen: Rob ALLAN (UK), Gil COMPO (USA)
Members:
Tara ANSELL (UK)
David JONES (Australia)
Phil JONES (UK)
Masao KANAMITSU (USA)
Alexey KAPLAN (USA)
Xiaolan (Leona) WANG (Canada)
Scott WOODRUFF (USA)
Philip WOODWORTH (UK)
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AOPC Working Group on Atmospheric Reference Observations
(WG-ARO)
The AOPC Working Group on Atmospheric Reference Observations (WG-ARO) has been
established in recognition of the importance of instigating reference-quality observations of
atmospheric column properties, in particular temperature and water vapour, from the surface into
the stratosphere to enhance the monitoring and understanding of climate variability and change.
The GCOS Implementation Plan identified the establishment of a reference-quality network as “a
very high priority” for implementation by 2009. It is the Working Group’s purpose to facilitate this,
liaising with other groups and national and international bodies to ensure that any eventual network
is fit for purpose, robust and has the required long-term commitment and management structures.
Terms of Reference
•

To work with relevant agencies and programmes to define and promote a global network
for long-term atmospheric multi-variable reference observations that makes optimal use of
existing and planned infrastructure;

•

To define a data management and dissemination structure to maximise the use of resulting
data, and to promote their use in future climate monitoring and research activities;

•

To liaise with CGMS, the WMO Space Programme, CBS and CIMO on satellite and
radiosonde calibration and validation issues, including reference instrumentation and
metadata, especially through the Global Space-based Inter-Calibration System initiative;

•

To report at least annually to AOPC on the activities of the Working Group, the progress
towards a reference network, the performance of the network once established, the uses
and value of the data collected, and the implications for the global observing system.

Operation
The Working Group will generally correspond by e-mail and take advantage of relevant
workshops and conferences to hold meetings. Funding will be sought from time to time to hold
special workshops or meetings of the group. The group will cease to exist at such time as AOPC
deem appropriate. Members will be expected to serve for 24 months in the first instance, after
which membership will be reviewed. Terms of Reference will be subject to review by AOPC in
liaison with the Chairman of the Working Group.
Chairman: Peter THORNE (UK)
Members:
Franz BERGER (Germany)
John DYKEMA (USA)
Ellsworth DUTTON (USA)
Masatomo FUJIWARA (Japan)
David Goodrich (GCOS)
Leopold HAIMBERGER (Austria)
Carl MEARS (USA)
Miroslav ONDRAS (WMO/CIMO)
Tom PETERSON (USA)
Siegfried SCHUBERT (USA)
Dian SEIDEL (USA)
Doug SISTERSON (USA)
June WANG (USA)
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AOPC/OOPC Working Group on Sea-Surface Temperature and Sea Ice
(WG-SST/SI)
Terms of Reference
1. To record and evaluate the differences among historical and near real time SST and SST/SI
analyses
a. Identify a standard data set for the intercomparisons of different products, e.g., COADS
b. Select several standard difference products as a minimum comparison set (i.e., define
regions and time periods; compute biases, standard deviations, and RMS differences)
c. Oversee standards for intercomparisons
2. To identify the sources of differences in the analyses
3. On the basis of comparison of those differences with the expected climate signals in the SST
patterns, to recommend actions needed to ensure the quality and consistency of the SST and
SST/SI analyses
4. To establish criteria to be satisfied by SST and SST/SI analyses to ensure the quality and
consistency required by the Global Climate Observing System (GCOS)
5.To liaise with all appropriate bodies
6. To report annually to AOPC and OOPC on progress and recommendations
Inter-comparisons are motivated in particular by the necessity to evaluate:
•
•
•
•
•

Accuracy of products (as distinct from relative differences)
Uncertainties, climatologies and the effectiveness of bias corrections
Impacts of assumptions of stationarity of means and covariances and of other a priori
assumptions
Representations of secular and interannual variability
Effects of applying different QC methodologies to common input data.

The driving consideration behind these is the need to accurately define the climate change signal.

Chairmen: Nick RAYNER (Met Office, UK), Tom SMITH (NOAA, USA)
Executive Committee Members:
Ken CASEY (USA)
Liz KENT (UK)
Craig DONLON (UK)
Alexey KAPLAN (USA)
Ed HARRISON (USA)
Dick REYNOLDS (USA)
Sea Ice Sub-Group: Chairman – Søren ANDERSEN (Denmark) (http://ocean.dmi.dk/GCOS/)
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AOPC/TOPC Working Group on Land-Surface/Atmosphere Issues
(WG-LSA)
Both TOPC and AOPC activities have focused on the identification and prioritization of
Essential Climate Variables (ECVs) in their respective thematic fields, the specification of the
observational means required to derive these products operationally, and associated scientific
issues (algorithms, benchmarks, quality assessments, compatibility and inter-operability,
coordination of in situ, airborne and space measurements, archiving, data rescue, etc). The ECV
products are intended to be Thematic Climate Data Records, i.e., of sufficient accuracy and
consistency to serve climate process research and climate monitoring. To this end it is also
important that ECVs are consistent between themselves.
This problem has been identified by TOPC and AOPC with regard to ECV products whose
retrieval is mutually dependent, surface albedo and atmospheric aerosol load for example. It is
thus important that both GCOS Panels harmonize their recommendations to ensure the scientific
consistency of these products, especially when they are exploited simultaneously. The purpose of
the WG-LSA is to provide coordination and advice on how to achieve these objectives, in a manner
consistent with and in direct support of the overarching goals of GCOS as described in the
Implementation Plan and other applicable documents.
General terms of reference
The WG-LSA will
• Promote the development of methods and tools to accurately retrieve both surface and
atmospheric properties in a radiatively consistent manner, as well as the benchmarking of the
relevant algorithms to retrieve these ECVs.
• Demonstrate the benefit of generating the products in a mutually consistent manner through
an inter-comparison of time series of global ECV products, including their quality control and
assessment.
• Consider and recommend to TOPC and AOPC other activities that would be of interest to
both the terrestrial and atmospheric communities, in particular with respect to emerging or
potential ECVs, as well as other products and processes that could be of relevance to fill
gaps in the current Implementation Plan or to address climate change issues.
• Report to TOPC and AOPC on the progress achieved on a yearly basis with short papers or
contributions to the respective annual meetings.
The WG-LSA is established for an initial period of three years. This period shall be concluded with
a summary report to both TOPC and AOPC documenting the achievements and advising on future
activities, including a new work plan if required.
WG-LSA charge and initial activities
The WG-LSA will initially be led and co-chaired by Michel M. Verstraete (TOPC and AOPC)
and Jo Schmetz (AOPC), who will develop and coordinate strategies and work plans to carry out
the tasks mentioned above. Specific tasks will be addressed by the WG-LSA with the help of a
small number of experts.
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Following the recommendation of TOPC and AOPC, the WG-LSA will focus its attention
initially on the specific, well-defined problem of estimating Land Surface Albedo (LSA) and the
aerosol load in a radiatively consistent manner over periods of time extending from the recent
years (when advanced satellites are available) to decades exploiting archived satellite data.
Specifically the WG-LSA will
• Review the state of the art in land surface albedo estimation from space measurements.
• Benchmark existing products (continuation and extension of the initial effort to compare
Meteosat, MODIS, and MISR LSA products), both in space and time, and propose ways and
means to merge such products to generate truly global products with adequate coverage in
Polar Regions.
• Investigate the compatibility between albedo products derived from bi-directional reflectance
observations acquired by sensors on geostationary and polar-orbiting platforms.
• Evaluate the factors affecting the quality of LSA products and in particular their dependency
on related atmospheric products (e.g., clouds and aerosols).
• Investigate the drawbacks, limitations and obstacles that have prevented the effective use of
these albedo products in GCMs and recommend ways to address these issues.
• Promote sensitivity studies and other appropriate projects aimed at documenting the role and
impact of LSA products in climate models, with a view to establishing precise requirements
on the characteristics of this product.

Chairmen: Michel VERSTRAETE (EU) and Johannes SCHMETZ (EUMETSAT)
Members:
Stephan BOJINSKI (GCOS)
Yves GOVAERTS (EUMETSAT)
John MARTONCHIK (USA)
Bernard PINTY (EU)
Samantha PULLEN (UK)
Crystal SCHAAF (USA)
Didier TANRE (France)
Eric VERMOTE (USA)
Pedro VITERBO (Portugal)
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AOPC/WOAP Working Group on Observational Datasets for Reanalysis
(WG-ODR)

(Terms of Reference and Membership to be confirmed)

Attachment 2

MINUTES AND RECOMMENDATIONS FROM AGG MEETING AT
AOPC-XIII, GENEVA, 23 APRIL 2007
AGG Members attending: Phil Jones, David Parker, Tom Peterson, Hans Teunissen, Dick
Thigpen.
Also attending: Dave Goodrich, Kazutoshi Onogi, Adrian Simmons, Peter Thorne.

The AGG met on Monday 23 April from 09:00 to 12:30 to discuss issues of composition,
performance and priorities for the GSN and GUAN, based on a status report on revitalization
activities for both networks by Dick Thigpen. The major objective was to prioritize tasks for
further revitalization activities in the coming year, should resources become available.
GUAN

There was a brief discussion of the GUAN network and the current reporting rates. Some
stations which had been reporting after revitalization work had subsequently stopped, due in
most cases to a lack of radiosondes. This had now been rectified. The only totally silent
station was 91843 Rarotonga, Cook Islands (due to a fire). The AGG discussed the overall
network composition and agreed on the following priorities for revitalization:
1. Luanda, Angola (66160)
2. Khartoum, Sudan (62721)
3. Rarotonga, Cook Islands (91843)
Nampula, Mozambique was discussed but was not considered a priority at this time.
The AGG reiterated the desire and need for reliable GUAN stations in the Indian
subcontinent. Four stations in India are prime candidates for inclusion, assuming agreement
can be obtained to operate them with improved radiosondes (Dick Thigpen to pursue).
GSN

The group briefly reviewed the GSN network as a whole and agreed on a number of minor
changes concerning station numbers and other metadata issues. It also supported the
provision of new conventional surface equipment to Angola (1), Malawi (2), Zambia (2) and
Namibia (2), provided issues involving training can be resolved.
The group discussed the issue of possible provision of Automated Weather Stations (AWSs)
to Madagascar. Dick Thigpen had looked into this and the group discussed the necessary
overlap of observations that would be required. Resources for a specific overlap analysis by
an expert from CIMO would be included in any project if funding became available.
The AGG noted the offer of Ljubljana, Slovenia as a GSN station and recommended that it
be accepted on the usual condition that all historical data be provided to the GSN archive.
The AGG discussed spatial gaps in the network and the possibilities for filling them. Dick
Thigpen will follow up on these, using planned visits and support from the nine Lead Centres
where appropriate. The following gaps and/or actions were discussed, in no particular order
of priority:
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•

Indonesia – particularly Borneo. A contact is needed, as the PR/focal point does not
respond.

•

Peru – investigate gaps from the May visit to CORPAC.

•

China – need something in the Tibetan Plateau.

•

Greenland – contact BAS (Jonathan Shanklin) about contacting
Meteorological Institute (DMI) and the US about AWSs at the drill sites.

•

South Georgia Island – determine if is there an AWS there (check with BAS/Jonathan
Shanklin) and whether it could join the GSN if so. There is a long historic record here.

•

Mount Pleasant (Falkland Islands, UK) – investigate possibility of designation as a GSN
station (contact UK Focal Point). Again there is a long historic record.

•

Diego Garcia (Chagos Archipelago) – investigate possibility of designation as a GSN
stations. It is possible that data are measured there at military base.

•

Yemen – no GSN sites, contact Iran Lead Centre about possibilities. There is a long
historic record at Aden.

the

Danish

Training courses on measuring surface data
This training is essential, particularly where there has been a significant break in taking
observations. This is the case for Angola, for both the GSN and GUAN. It was agreed that
CIMO should be requested to organize any needed courses and that GCOS/AOPC might
support them financially when funds are available. At least one training course for Angola
(and maybe others in the region) is essential.
CLIMAT TEMPs – discussed by AGG and later under item 6.10 within AOPC

The AGG discussed the issue of CLIMAT TEMP messages at GUAN stations. Following
extensive discussion, it was agreed that they were not in fact needed (TEMP messages are
adequate) and that this would be reported to the full AOPC under agenda item 6.10. It
reiterated that CLIMAT messages (for GSN stations) are still essential.
The scientific rationale as to why CLIMAT TEMPs are not needed would be presented under
item 6.10 (David Parker).
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Steering Committee for GCOS, Farnham, UK, April 15-19, 2002

GCOS-76
(WMO/TD-No. 1125)

Report of the eighth session of the GCOS/WCRP Atmospheric
Observation Panel for Climate (AOPC), Wokingham, UK, May 20-24, 2002

*GCOS publications may be accessed through the GCOS website at:
http://www.wmo.int/pages/prog/gcos
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GCOS-77
(GOOS-122)

International Workshop for Review of the Tropical Moored Buoy Network,
September 10-12, 2001, Seattle, Washington, USA. Workshop Report

GCOS-78
(WMO/TD-No. 1126)

Report of the GCOS Regional Workshop for Central America and the
Caribbean. "Observing Climate from Weather Extremes to Coral Reefs",
San José, Costa Rica, March 19-21, 2002 (disponible también en español)

GCOS-79
(WMO/TD-No. 1133)

Interim Report to the sixteenth session of the Subsidiary Body for
Scientific and Technological Advice of the UNFCCC by the Global Climate
Observing System, Bonn, Germany, June 5-14, 2002

GCOS-80
(WMO/TD-No.1140)

Report of the GCOS Regional Workshop for East and Southeast Asia on
Improving Observing Systems for Climate, Singapore, September 16-18,
2002

GCOS-81
(GOOS-124)

Seventh session of the Joint GCOS-GOOS-WCRP Ocean Observations
Panel for Climate (OOPC), Kiel, Germany, June 5-8, 2002

GCOS-82
(WMO/TD-No.1143)

Second Report on the Adequacy of the Global Observing Systems for
Climate in Support of the UNFCCC

GCOS-82 (ES)
(WMO/TD-No.1176)

Second Report on the Adequacy of the Global Observing Systems for
Climate in Support of the UNFCCC – Executive Summary

GCOS-83
(WMO/TD-No.1155)
(GTOS-33)

Report of the Global Terrestrial Network - Hydrology (GTN-H)
Coordination Panel Meeting, Toronto, Canada, November 21-22, 2002

GCOS-84
(WMO/TD-No.1156)
(GTOS-32)

Report of the GCOS/GTOS/HWRP Expert Meeting on Hydrological Data
for Global Studies, Toronto, Canada, November 18-20, 2002

GCOS-85
(WMO/TD-No.1167)

Report of the GCOS Regional Workshop for Western and Central Africa
on Improving Observing Systems for Climate, Niamey, Niger,
March 27-29, 2003 (disponible en français)

GCOS-86
(WMO/TD-No.1183)

Report of the GCOS Regional Workshop for South America on Improving
Observing Systems for Climate, Santiago, Chile, October 14-16, 2003
(disponible también en español)

GCOS-87
(WMO/TD-No.1189)

Summary Report of the eleventh session of the WMO-IOC-UNEP-ICSU
Steering Committee for GCOS, Melbourne, Australia, April 7-10, 2003

GCOS-88
(WMO/TD-No. 1190)

Conclusions from the ninth session of the GCOS/WCRP Atmospheric
Observation Panel for Climate (AOPC), Asheville, NC, USA, June 23-27,
2003

GCOS-89
(GOOS-140)

Report of the Eighth session of the Joint GCOS-GOOS-WCRP Ocean
Observations Panel for Climate (OOPC), Ottawa, Canada, September 3-6,
2003

GCOS-90
(GOOS-141)

IOC Group of Experts on the Global Sea Level Observing System
(GLOSS), eighth session, Paris, France, October 13 and 16-17, 2003

*GCOS publications may be accessed through the GCOS website at:
http://www.wmo.int/pages/prog/gcos
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GCOS-90bis

Report of the GCOS/GTOS Terrestrial Observation Panel for Climate
(TOPC), seventh session, Rome, Italy, December 16-18, 2003

GCOS-91
(WMO/TD-No.1221)

Summary Report of the twelfth session of the WMO-IOC-UNEP-ICSU
Steering Committee for GCOS, Geneva, Switzerland, March 15-19, 2004

GCOS-91bis

Conclusions from the tenth session of the GCOS/WCRP Atmospheric
Observation Panel for Climate (AOPC), Geneva, Switzerland, April 19-23,
2004

GCOS-92
(WMO/TD-No.1219)

Implementation Plan for the Global Observing System for Climate in
Support of the UNFCCC

GCOS-92 (ES)
(WMO/TD-No.1244)

Implementation Plan for the Global Observing System for Climate in
Support of the UNFCCC – Executive Summary

GCOS-93
(WMO/TD-No.1238)
GTOS-35

Summary Report of the eighth session of the GTOS/GCOS Terrestrial
Observation Panel for Climate, Ispra, Italy, April 6-7, 2004

GCOS-94
(WMO/TD-No.1248)

Report of the GCOS Regional Workshop for Central Asia on Improving
Observing Systems for Climate, Almaty, Kazakhstan, May 24-26, 2004
(имеется также на русском языке)

GCOS-95
(GOOS-143)

Report of the ninth session of the Joint GCOS-GOOS-WCRP Ocean
Observations Panel for Climate (OOPC), Southampton, UK, June 7-10,
2004

GCOS-96
(WMO/TD-No. 1255)

Analysis of Data Exchange Problems in Global Atmospheric and
Hydrological Networks

GCOS-97
(WMO/TD-No. 1259)

Report of the GCOS Regional Workshop for South and Southwest Asia
on Improving Observing Systems for Climate, New Delhi, India,
October 11-13, 2004

GCOS-98
(GOOS-146)

Progress with the Initial Ocean Climate Observing System: A Report to the
UNFCCC – April 2005

GCOS-99
(GOOS-149)

IOC Group of Experts on the Global Sea Level Observing System
(GLOSS), ninth session, Paris, France, February 24-25, 2005

GCOS-100
(WMO/TD-No. 1283)

Report of the GCOS Regional Workshop for Eastern and Central Europe
on Improving Observing Systems for Climate, Leipzig, Germany,
April 26-28, 2005

GCOS-101
(WMO/TD-No. 1298)
(GTOS-37)

Report of the 2nd Meeting of the GTN-H Coordination Panel, Koblenz,
Germany, July 4-5, 2005

GCOS-102

Conclusions from the eleventh session of the GCOS/WCRP Atmospheric
Observation Panel for Climate (AOPC), Geneva, Switzerland, April 11-15,
2005

GCOS-103
(WMO/TDN-No 1341)

Summary report of the thirteenth session of the WMO-IOC-UNEP-ICSU
Steering Committee for GCOS, St Petersburg, Russian Federation, 5-8
October 2005

*GCOS publications may be accessed through the GCOS website at:
http://www.wmo.int/pages/prog/gcos
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Report of the tenth session of the Joint GCOS-GOOS-WCRP Ocean
Observations Panel for Climate Tenth, Geneva, Switzerland,
May 9-12, 2005
Session Final Report

GCOS-104
(GOOS-150)
GCOS-105
(WMO/TD-No. 1374)

Conclusions from the Twelfth Session of the GCOS/WCRP
Atmospheric Observation Panel for Climate (AOPC), Geneva, Switzerland,
April 3-7, 2006

GCOS-106
(WMO/TD-No. 1337)

Report of the GCOS Regional Workshop for the Mediterranean Basin,
Marrakech, Morocco, November 22-24, 2005

GCOS-107
(WMO/TD-No. 1338)

Systematic Observation Requirements for Satellite-Based Products for
Climate

GCOS-108
(WMO/TD-No. 1358)

Climate Information for Development Needs an Action Plan for Africa,
Report and Implementation Strategy, Addis Ababa, Ethiopia,
18-21 April 2006

GCOS-109
(WMO/TD-No 1363)

Summary report of the fourteenth session of the WMO-IOC-UNEP-ICSU
Steering Committee for GCOS, Geneva, Switzerland 10-12 October 2006

GCOS-110
(WMO/TD-No. 1370)
(GOOS No. 154)
(WCRP No. )

Joint GCOS-GOOS-WCRP Ocean Observations Panel for Climate (OOPC),
Eleventh Session, Tokyo, Japan 16-20 May 2006

GCOS-111
(WMO/TD-No. 1371)
(GTOS No. 43)

Summary Report of the ninth session of the GTOS/GCOS Terrestrial
Observation Panel for Climate, Ispra, Italy 28-29 March 2006

GCOS-112
(WMO/TD-No. 1379)

GCOS Reference Upper-Air Network (GRUAN): Justification, requirements,
siting and instrumentation options

GCOS-113
(WMO/TD-No. 1396)

Report of the Third Meeting of the GCOS Cooperation Board (Geneva,
Switzerland, 27 April 2007)

GCOS-114
(WMO/TD-No. 1407)

Thirteenth Session of the GCOS/WCRP Atmospheric Observation Panel for
Climate (AOPC-XIII) – Consolidated List of Conclusions, Recommendations
and Action Items (Geneva, Switzerland, 23-27 April 2007)

*GCOS publications may be accessed through the GCOS website at:
http://www.wmo.int/pages/prog/gcos
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