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REPORT OF THE GCOS

ATMOSPHERIC OBSERVATION PANEL

1. OPENING OF THE SESSION

1.1 Dr. Lennat Bengtsson, Chairman of the Atmospheric Observation Pand (AOP),
opened the second sesson of the AOP a the Japan Meteorologica Agency in Tokyo, Japan, on
20 March 1995 and welcomed the participants (see Annex I). The Chairman invited the
paticipants to provide a brief persona introduction.

1.2 The Chairman briefly reviewed the overall concept of GCOS, stressing the
importance of the discipline-oriented panels such as the AOP in developing the requirements for
observations, and in establishing mechanisms for implementation. He noted the output of the
fird sesson (Hamburg, April 1994), and reminded the participants that the continuing work of
the AOP would provide criticd input to the Joint Scientific and Technicd Committee (JSTC)
for GCOS. As a member of the JSTC, he will report the results of the Pand meeting a JSTC-
V, ds0 scheduled to meet in Japan in October 1995.

1.3 The Chairman reviewed the provisond agenda, which was briefly discussed and
accepted (see Annex II), proposed working hours for the sesson, and informed the participants
dbout the maerid arrangements for the meeting.

2. GCOS PROGRESS REPORT

2.1 Dr. Spence, Director of the Joint Planning Office (JPO) for GCOS, reviewed the
recent GCOS planning activities since the last meeting of the Pane. The Director described the
meetings and output of the other panels and task groups, pointing out the links to the AOP. He
noted in particular the drafts of both the Data and Information Management Plan and the Plan
for Space-based Observations which were submitted to the AOP for comments before final
publication later this spring.

2.2 He reminded the Pand that it was edtablished to develop specific scientific and
technical input concerning atmospheric observations and will be expected to formulate and
design the long-term systematic observing system as an integrated part of GCOS. The Panel
should co-ordinate its activities with the other panels and working group to ensure consistency
among the programme components. The Pand should make specific recommendations regarding
implementation.

3. PANEL CHAIRMAN STATEMENT

31 The Chairman, referring to the terms of reference of the Pand (see Annex lII),
reviewed the objectives and progress made a the firs sesson. He advanced his plan for the
meeting, including actions needed to be taken. He provided an overview of the importance of



the AOP in defining requirements and proposng mechanisms to implement the needed observing
system  components.

3.2 The Chairman reviewed the types of data that were advanced by the first AOP
meeting:
0 the 3-D date of the amosphere including second order moments, vertica fluxes
of heat, moigure and momentum, as well as other gmilar physicd and dynamica
quantities;

0 data for the determination of the state of the surface of the earth, SST, soil
moisture, vegetation, abedo, roughness, snow, ice, eic;

0 data for the determination of clouds, and of radiation fluxes a the surface and at
the top of the atmosphere;

0 data on the compostion of the amosphere;
0 data for process sudies (not principdly a GCOS activity);
0 data for long-term monitoring.

3.3 In regard to these types of data, the AOP has:

(1) proposed an upper-air basdine network conssting of selected upper-ar dations,

(2)  initited devdopment of a surface basdine network of sdected SYNOP dations,

(3) consdered the drategy to obtain observations of amospheric congtituents;

(4) evauated sadlite sysems for monitoring atmospheric  properties;

() evaluated the requirements for global observations of the hydrological cycle,
precipitation, river runoff, and lake water levels.

3.4 The Charman noted that considerable progress had been made to establish the
upper-ar  network. He urged the Panel to consder what steps could be taken toward a smilar
network for surface observations. He noted that amospheric compostion requirements il
needed further definition, but noted that experts were in attendance to provide such expertise
during later agenda items, and that a baseline network could be developed in concert with
ongoing activities of the Globd Atmosphere Waich (GAW). He noted tha the saelite systems
were to be addressed as part of the space plan agenda to be discussed later in the meeting. The
Chairman noted that, adthough hydrologicd cycle observations were being consdered next month
a the second sesson of the GCOS/IGTOS Terredrid Observation Panel, the AOP should outline
requirements for such observations as pat of the globa climaie modelling efforts. Finally he
exhorted the Panel to provide specific recommendations where possible to lead to enhanced
observationa  capability for climate purposes.

3.5 The Chairman took the opportunity to report some recent scientific results to the
Panel. He reviewed recent models which combined natural, anthropogenic, and chemical
forcing processes.  He utilized observations from the Microwave Sounding Unit (MSU) in
conjunction with output of the Max Planck model to show encouraging comparisons when the
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amospheric  condtituents were explicitly included. He noted the importance of including the
sulphate  components to provide improved agreement between models and observations.

4, INVITED REPORTS
The Charman invited a number of participants to provide brief reports.

4.1 Japanese GCOS Activities

41.1 Dr. Matsuno, Charman of the Japanese Study Committee for GCOS, described
the work of the Committee and provided a comprehensive review of the scope of climate
obsarvations in Jgpan. The Terms of Reference of the Study Committee are to:

(1) review and assess existing domestic observing systems relevant to the GCOS and
to propose potentid Japanese contributions to it;

(2) provide scientific expertise to support the Joint Scientific and Technical
Committee for the GCOS

The Study Committee is composed of Japanese members of the JSTC, academic and government
scientists, and other experts. It is sponsored by the Science and Technology Agency (STA) and
the Japan Meteorologicd Agency (IMA).

4.1.2 In his presentation, Dr. Matsuno noted the extensive observational activity in
Japan.  Hereviewed the contributions of IMA through the Observations Department and the
Marine Depatment, as well as the Meteorologicd Research Inditute and the Meteorologicd
Satellite Center. These include meteorological stations, coastal and ocean observations, and
arcraft observations of chemical condituents. He also described the ongoing and planned
activity of the Nationd Space Development Agency of Japan (NASDA), noting the contributions
of both geodtationary and polar orbiting satellites. The ADEOS missions were of particular
interest to the Pand, since they will include key instruments identified by the GCOS Space-based
Observation Pand as contributing to the overdl GCOS requirements. The TRMM and ALOS
missons were aso reviewed. Dr. Matsuno reported on the extensve oceanographic activity of
Japan Marine Science and Technology Center (JAMSTEC). The Center currently deploys a
number of ocean buoys, and has advanced a major deployment effort as a contribution to the
Globad Ocean Observing System (GOOS) which will make maor contributions to climate issues.

4.2 The Asheville Meeting

4.2.1 The Charman reviewed the outcome of a meeting in Asheville NC on Long-term
Climate Monitoring of the Globd Climate Obsarving Sysem (GCOS) hed January 9 1, 1995
The meeting, co-sponsored by NOAA, was attended by about 100 climate scientists.

UKarl, T., F. Bretherton, W. Easterling, K. Trenberth, and R. Quayle: Long-term climate monitoring of the
Global Climate Observing System (GCOS), Earth System Monitor, March 1995 (Article reprinted in GCOS
Newdletter, 3, May 1995)



4.2.2 The meeting developed a series of generd and Specific  recommendations (see
Annex V). The Pand expressed its gpprecidion to the atendees of the Asheville meeting for
the quality, depth, and scope of the comments and recommendations, In subsequent discussion,
the Panelists provided numerous comments in support of the recommendations.

4.2.3 One generd recommendation (Annex |V, page 7, Recommendaion 6) prompted
discusson by the Pand. This recommendation identified the need for overlapping measurements
of both old and new obsarving systems for both in sitw and saelite subsystems as part of generd
practice.  The Panel thought the recommendation could be interpreted to mean a station by
dation comparison, but noted that such an interpretation could be extremely costly and difficult
to implement. The Pand suggested that a more practicd approach would be to recommend that
when loca or regiond networks of dations change sensors, a comparison be made at various
representative (but not necessarily dl) locations for up to one year to produce overlapping data
which would be useful in establishing the difference characteristics of the sensors. Additional
suggestions included the use of cross-validation of instruments, and the use of space and in Stu
indrumentation to provide additiond cdlibrations. Pand members urged that attention be given
to related activity that reduces the observationd inhomogeneities.

4.2.4 Pandlists recommended that the operationd and research communities establish
close didogue on longterm obsaervations. Members urged that the operational community
publicize ther methods more widely to provide opportunities to improve techniques.

4.3 Weather  Extremes

4.3.1 As a new participant in the AOP, Dr. Wu provided an overview of the GCOS
programme and documents from his perspective. He uiged that attention be focused on

detecting low-frequency modes in historical data, and that transition zones be given more
congderation.

4.3.2 Regarding extremes, Dr. Wu focused on four topics including: (1) regional
climate simulation, (2) relations between ENSO and monsoons, (3) tropical storms, and (4)
blocking events. He related these topics to the criticd observaions required to characterize
associated  weather  extremes. For (1) adeguate observations of the hydrology and fine-resolution
vegetation are needed; for (2) the TOGA network should be supplemented by observations from

the Tibetan plateau. For (3) and (4) upper ocean temperatures and related exchange processes
are important. A precis of his comments may be found in Annex V.

4.3.3 In the subsequent discussion, it was recognized that a great effort has been made
by the climate observing community in collecting and archiving data sets relevant to weather
extremes. The Pand noted that it would be very beneficid for the study of globad change (1)

to assembl e existing datasets from various global and regional climate centresin conjunction
with other ongoing programmes (e. g., WCRP, IGBP), (2) to archive those datasets in a
consstent manner, and (3) to disseminate them for public use. These efforts would aso provide

the primary source materid on higtoricd weather extremes.

434 The Pand emphasized the importance of gathering information on the occurrence
of extreme weather phenomena and recommended that efforts be made to examine the feasihility
of creating a database on drought, floods, tropicd storms, and other related phenomena with a
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god of obtaining a minimum set to track such events over long periods. It was agreed that the
starting point for gathering such information should be a review of the World Climate
Progranme and its existing daabases. The Pand dso recognized the need to identify specific
user requirements and to provide guiddines to improve the identification and measurement of
extrene  phenomena.

4.4 Hvdrological Cycles

4.4.1 Dr. Kang reviewed the issues associated with hydrological cycles. He described
the situation with regard to precipitation observations, illustrating the detailed precipitation
observing network in the Republic of Korea, a high-resolution network smilar to that in many
countries. He characterized the international problem to be one of data digtribution. Currently,
information on precipitation is not as effectively shared among the countries as it could be, so
it has been difficult to develop regiond or globd datasets.

4.4.2 The Panel recognized that precipitation data are required by the communities
engaged in monitoring and predicting the response of the atmosphere to forcing on climate
timescdes. The data dso provide ingght into the efficiency of the amospheric components of
the hydrologicd cycle At present this processis an area of active research in the World
Climate Research Programme’'s (WCRP) Global Energy and Water Cycle Experiment
(GEWEX). The operationd data requirement in terms of tempord and spatid resolution and
accuracy should awat the outcome of the GEWEX programme. It was noted that GEWEX is
producing globa precipitation datasets spanning the period 1986 to 1995 (and extending beyond).
Also, the Globd Precipitation Climatology Centre (GPCC) has been established in the Deutsches
Wetterdienst in Offenbach, Germany to support the project. GPCC is also a designated data
centre for GCOS users as well. The Panel was very supportive of both activities.

4.4.3 Mr. Sato reviewed the issues associated with surface hydrologica processes. He
provided an oveview of the obsarvationd data reguirements for use in Land Daa Assmilaion
Sysems (LDAS). The mgor problem in surface hydrology is how to initidize soil moisture and
sow depth, which play vitd roles in seasond-to-interannua climate forecasts. Physicaly, this
problem requires quantifying snow depth when the precipitation is in the solid phase and ambient

temperatures are below (0°C, and quantifying soil moisture otherwise. These properties of the
land surface affect abedo and surface flux and hence the near-surface air temperature, humidity,

and the depth of the planetary boundary layer. He noted that there is little hope of measuring
s0il moisture representatively on the globd scde by dther terrestrid or space-based  methods,
although snow depth is more amenable - to direct measurements. Therefore, amore indirect
measurement strategy is called for in which relatively straightforward measurements of
precipitation, surface air temperature, humidity, wind, insolation, and downward terrestrial

radiaion are coupled through a modd of the locad land-surface process to yidd an “equivadent
soil moisture” or “equivalent snow depth”, and a measure of runoff. It is a “land” data
assmilation sysem (LDAS). Given the uncertainty of modelling these processes it is obvioudy
sensible and necessary to verify the runoff components through appropriate hydrological

measurements (e. g ., river flow). To achieve effective closure of the problem, the data
requirement are as identified in the table of Annex VI. Production, intercomparison, and
vdidation of globd soil moisture and snow depth distribution are magor research subjects of the
Internationdl  Satellite Land-Surface Climatology Project's (ISLSCP) Globd  Soil Wetness  Project.



4.4.4 The Pand noted that some of the identified datasets have known sources and are
exchanged routingly (except sub-daily/daily precipitation data -- many of which are captured but
are not exchanged). Panelists noted that the distribution of precipitation in time and spaceis
dgnificant; for a given monthly accumulation the effects of uniform drizzle or high intensty
episodic  precipitation on a soil moisture caculation ae obvioudy quite distinct.

4.4.5 While in principle model-derived precipitation can be used in lieu of observations,
the Panel noted that there is a danger that soil moisture thus derived may drift to unnatural
extremes unless effectively confirmed by measurements.

4.4.6 The globd and regiond climatology of precipitation is difficult to derive from
existing observations particularly over the oceans. The Panel recognized that variousdatasets
do not show a consistent picture of precipitation today. Given the spatid and tempord scde
asociaed with precipitation, it will be difficult, if not impossble, to provide coverage from
ground-based measurements adone. Therefore development of methods for inferring precipitation
intensity from space were strongly endorsed by the Panel. In this regard, the TRMM misson
to be flown late in the decade is expected to be of great vaue. For the mission, ground truth
measurements will be required and high-resolution networks such as those indtaled in Japan and
Korea will be expected to make important contributions.

4.4.7 Mr. Sato also pointed out that cloud parameters (cloud fraction and cloud top
temperature) derived from geostationary meteorological satellites are quite useful in the
initialization of moisture and divergence fields in the tropics. They will also be essential to
initialize cloud liquid water in atmospheric data assimilations in the near future. As aresullt,
the Pand recommended the production and red time exchange of the cloud data over the Globd
Telecommunication System (GTS) be pursued in the appropristle WMO bodies.

4.5 Data Assimilation

45.1 As aresult of the extensive discussion on data assimilation in the preceding
agenda item, Dr. Julian provided a brief comment on the paticipation of climae experts in the
reandyss  projects. Considering the various aspects of observational data incorporated or
assimilated into climate data assimilation systems and future reanalysis efforts, the Panel
recommended that in future reanaysis efforts the climate community be represented in planning
and on appropriate advisory groups. While climate data assmilation systems, whether used with
higoricd data (reandlyss mode) or with current ongoing data, use a fixed mode-assmilation
sysem the input observationa data are not sSmilaly homogeneous in time. For climate change
detection on the decadal time scales, it is important to understand how the assimilation of
inhomogeneous input data affects the resulting 4-D andyses. The Pand believes that observing
system impact experiments should be consdered and future reandyss efforts performed with
a database designed to be as homogeneous in time as possble.

4.5.2 The Pand aso considered the specific recommendation concerning  reanalysis
activity from the Asheville meeting. The principal objective of the reandysis effort is to provide
climate communities with a climate data base as reliable as possible by using and adhering to
the oate-of-theat analysisforecast system. The Chairman expressed the view that another
principal  outcome of the reandyss effort would be to obtain information to improve numerica
weather  prediction. The Panel urged that the climate community identify particulaly valuable



subsets of data from the reanalysis for consderation and actively collaborate with the reanadyss
projects with the principd aim of reducing bias in the observations. When the firgd reandyss
products are avalable, the climate community should evauate them and make recommendations
for improveng future reanadyses. The Pand reiterated its support for the reandyss efforts, and
wished to continue reviewing the progress.

4.6 Other Reports

4.6.1 Dr. Spence reported on recent activities regarding data and product requirements.
A recent WMO Inter-Commisson Task Team meeting was convened to determine those data and
products which should be shared internationally. The report of the meeting was discussed by
the Panel to be certain that the requirements identified by the Task Team included those
necessary for GCOS. The Pand accepted that GCOS needs would be met by the parameters that
were identified in the Task Team Report (Available from the JPO), but made afew editorial

suggestions  for transmisson to the Task Team. The Panel recommended that absent members
be provided with a copy for their comments, and the remarks be collected by the JPO for future
meetings of the Task Team. The Pand urged tha the AOP and other GCOS panels be invited
to continue their review of such data and product assessments, and that their input be ensured
in future documents prepared by the Task Team.

5. IMPLEMENTATION CONSIDERATION
51 Upper-air Network
5.1.1 Dr. Baede led the discusson of the GCOS Upper-ar Network. This network of

about 150 dations, sdlected from dations in the WMO Globd Observing Sysem (GOS), were
chosen to provide a reaivey homogeneous didtribution. The criteria for sdlection included
long-term quality and reliability with a good prospect of future continuity (see the Report of the
Atmospheric  Observation Panel, first sesson, Annex VII).

5.1.2 At itsfirst session in Hamburg the Panel requested Dr. Baede, Rapporteur on
GCOS to the WM O Commission for Basic Systems (CBS) Working Group on Observations
(WGO), to stage areview of the proposed GCOS Permanent Upper Air Observation Network
(GUAN) from a feaghility point of view. Dr. Baede presented his report of the review based
on comments received from the Rapporteur on Regiond Aspects of the GOS, the Chairman of
the WMO Executive Council Working Group on Antarctic Meteorology, the CBS Rapporteur
on Upper Air Observations, and the Representative on the Working Group on Observation of
the CBS Lead Centre for Radiosonde Data. He reported that al those approached had been very
co-operative and had returned very useful comments. Additiondly, the initid list of prospective
dations was sent by the WMO Secretariat to concerned WMO Members for their comments.
A number of responses had been recelved and incorporated in a find verson of the report to be
submitted to the WGO.

5.1.3 Dr. Baede noted that many of the suggested changes and additions specified in the
report would improve the proposed GUAN and should be adopted. Some of the suggested
changes could potentially be important contributions to the GUAN, but in some cases would
require improved performance and monitoring. He proposed to establish a standing list of



dations, including information on network enhancements and Station upgrades as proposed in
the origind proposd, and dations requiring additiona monitoring to assure quaity control.

5.1.4 Dr. Baede concluded his introduction by saying that the WGO had resolved that
the proposed network, if amended and updated as proposed, would be a feasible initial step
towards the edablisiment of a GUAN.

5.15 The Panel thanked Drs. Baede, Julian, Sarukhanian and Zbar, as well as those
who contributed to the review, for their valuable work. It noted that the establishment of a
GUAN, as pat of the GCOS Initid Operationd Sysem (I0S), had made consderable progress
snce its firs meeting. In further discussng the report to the WGO, the Pand requested the
WMO Secretariat to continue collecting comments from the Members concerned but to impose
a clear deadline for their replies. These comments would be incorporaied in the find Report
of the proposed GUAN to be submitted by the Charman of the WGO.

5.1.6 The Chairman of the Pand stressed that it should be made clear to countries why
their station(s) had been sdected and that these stations should be highlighted as GCOS Stations
and recognized as important contributions of WMO Members to the IOS. It should aso be
made clear that identifying these dtations in the IOS should in no way diminish the value of other
dations which were not sdected -- they serve other important functions, and should continue.

5.1.7 The Pand emphaszed the importance of maintaning the GUAN, including the
dations on the gsanding list, once it has been edtablished. It recommended that the Lead Centre
for Radiosonde Data, through CBS, be invited to carry out this task as a part of the operationa
maintenance programme. The Pand suggested that it would be very useful for the Lead Centre
to report on the average dtitude reached by upper ar dations. Furthermore, Members should
be requested to take the necessary steps to promote the implementation of the proposed vertical
enhancements and sation  upgrades.

5.1.8 Dr. Baede noted that several desirable properties/characteristics of upper-air
stations, over and above present requirements for the World Weather Watch (WwWWw) Global
Observing System (GOS) upper-air stations, were brought to his attention.  He therefore
proposed that the Panel introduce the concept of “high performance stations’, as adesirable
component of the GUAN. The Pand concluded tha countries operating GUAN dations should
be encouraged to do so according to “best practice’. Best practice in operationa performance
should address, inter alia, the following eements

0 long-term  continuity;

0 provison of detaled metedata;

0 use of high dtitude soundings (up to 5 hPa if posshble);

0 rigorous quaity control a dations,

0 back-up release in case of falure

0 co-location with atmospheric congtituent measurements (eg., GAW  dations).



CBS should be requested to incorporate this “best practice” concept into its manuas and guides
on the WWW GOS. The Pand dso sressed the importance of radiosonde intercomparisons,
and expressed support for the ongoing efforts to develop a reference dtation for this purpose.

5.1.9 Dr. Sarukhanian presented a list of actions required to finalize the GUAN,
together with a time schedule as follows.

1. Members who have not submitted their comments on the GUAN list will be requested
to do so before 1 June 1995;

2. A complete report to be prepared by CBS WGO on the bass of replies received before
1 duly;

3. A final report to be sent to the Chairman of AOP (copy to Director, Joint Planning
Office for GCOS) from CBS WGO by 1 July;

4, A find lig of dations to be prepared by GCOS consultant and submitted to Chairman of
AOP by 1 September;

5. A final list to be approved by JSTC-V upon submission by the Chairman of AOP in
October;

6. The find approved list to be sent to Members concerned from JSTC in November 1995
with aletter in which Memberswill:

(a) be urged to give the dations in the basdine upper-ar network high priority for
implementation within the regional basic synoptic networks and to make
long-term commitments to maintain and operate the dtations,

(b)  be invited to initiste, where necessary and possible, joint schemes for funding and

managing observing systems, to cover large datavoid areas and meet the needs
of GCOS.

The Panel approved the proposed schedule and requested the Director of the Joint Planning
Office to monitor progress. The Pand dso recommended that a set of guideines be prepared

which would assst Members in upgrading existing dtations for incluson in the network in the
future.

5.2 Surface Reference  Network

5.2.1 At AOP-l, the Pand consdered the dedrability of establishing a surface reference
network based on similar considerations as the upper-air network. A subset of reliably
reporting, high-quality, homogeneoudy didtributed dations would be important as a globa data
base for climate. Criteria would include: (1) record quality; (2) representativeness of the
location; (3) areal coverage, and (4) prospect for continuity in the future.

5.2.2 The Pand recdled the earlier efforts made by the Commisson for Climatology
(CCl) toward the development of a network of Reference Climatologicd Stations (RCS) suitable



for monitoring and research on climae change. Data from such a network can describe inter-
annual variability and inter-decadal and longer trends which must be documented in order to
describe climate change and corroborate climate models. At the AOP-l, it was recommended
that GCOS co-operate with the CC1l and its working groups to develop proposals for a surface
reference  network.

5.2.3 The Pand noted with agppreciaion that the World Climate Data and Monitoring
Programme (WCDMP) convened a joint meeting of the CC1 Working Group on Daa and a Task
Group of the CC1 Working Group on Climate Change Detection (WGCCD) with active AOP
paticipaion. As a result of the meetings, a Conceptud Design and Rationde for the network
was developed (see Annex VII), and recommendations from the Task Group (see Annex VIII).

5.2.4 The Panel agreed with the rationale of selection and with the proposal that the
network should be composed of agpproximately 800 surface dations. In considering the list of
vaiables to be measured a the dations, the Pand expressed its opinion that the measurement
of temperature, with sufficient time resolution to accurately caculate average daly temperature,
is essentid. The Pand therefore recommended to include it in the list of measured variables.

5.2.5 With respect to an implementation Strategy, and in light of the recommendations
of the Task Group, the Pand recommended that the following actions be teken:

1, The AOP and WGCCD will edtablish a task team of experts in order to prepare an initid
design of a GCOS Permanent Surface Obsarvation Network garting from proposals made
by the Climate Research Unit a the Universty of East Anglig

2. The proposed design to be submitted to the AOP will be forwarded to the CBS WGO for
review from the point of view of technica quaity and feasihility;

3. The WGO will prepare areport containing their comments and submit it to the CBS

Advisory Working Group. The Advisory Working Group will subsequently request

WMO Members to provide their comments on the proposed lis of dations included in
the GCOS Permanent Surface Observation Network;

4, Aswas done with the GCOS Upper-air Network, afinal report will be prepared by the
CBS WGO on the bass of replies from Members, and will be submitted to AOP,

5. On the bass of this report the AOP will findize a list of dations for JSTC approvd,;

6. After goprova, the lig will be sent to WMO Members urging them to give the dations

in the GCOS Permanent Surface Observation Network high priority for operation and
maintenance.

The Pand urged that the task should be completed within the year.
6. ATMOSPHERIC  CONSTITUENTS

The Charman invited Dr. Whelpdde to provide an overdl context for a review
of requirements for amospheric condituents. Dr. Whelpdale presented an outline for the
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subsequent discussion which addressed the background, the needs for observations and
information, the recommendations from the Asheville meeting on condituents, and a review of
the observationd activities underway.

6.1 Chemicd Condtituent Input for Modes

6.1.1 Dr. Rasch was invited to present an overview of the chemical constituent
requirements for various models. He reviewed the use of data first in Chemical Transport
Models (CTM) which ae a combinaion of models representing the linking of meteorological
and chemica processes in the amosphere.  He contrasted the approach where chemistry is
embedded in a Generd Circulation Modd (GCM) where obsarvaions and andyses are used for
verification and as supplemental datasets, and the approach where chemidlry is embedded in an
off-line model driven by archived data based on formerly computed GCMs via anayzed data
Sets.

6.1.2 Dr. Rascth noted that recent models have become more comprehensve, and are
now including such processes as.

0 convection and planetary boundary layer transports;

0 agueous  chemidiry;

0 surface chemistry on particles;
0 aerosols,

0 scavenging;

0 in-cloud photolysis.

Such processes place new demands on observations, and lacking adequaie measurement, models
ae guided by daistics or parameterizations. The latter are often not consistent since there is
inadequate information for condstency or mismatches in parameterizations used.

6.1.3 Dr. Rasch concluded by noting that current needs include information on clouds
and aerosols both to understand climate and to drive the chemistry models. He recommended
that, in addition, a set- of easily measured tracers with disparate lifetimes and/or source
digributions should be observed, and archived for use by the modellers.

6.1.4 Panelis were concerned to know the spatid and tempord scales and resolutions
required. Dr. Rasch noted that nearly 90% of the current observations are taken at the surface,
but that tropospheric observations are required at many points. He observed that some of the
more complex models are able to simulate 3-D distributions, but additional observations are
required to vdidate the smulaions.
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6.2 Current  Condtituent  Observations

6.2.1 Dr. Whelpdale reviewed the efforts made by GCOS and by others to address
observations of chemical condituents. He noted the work of a specific Task Group in 1992, and
the work of the AOP and JSTC as well as the work of the WM O Executive Council (EC) and
Commission for Atmospheric Science (CAS) EC Panel of Experts/CAS Working Group on
Atmospheric  Chemistry and  Environmental  Pollution.  Based on the work of such groups, he
described the type of information required. For climate, the principa need is for climate forcing
variables, biogeochemical cycles, trends, and fluxes a the boundaries.

6.2.2 The compogtion measurement needs include:

1 Trace gases (CO,, O, -- total, profile, surface, CH,, CO, N,0, CFC, HCFC, HFC,
PFC, H,0 -- stratosphere, OH, and various i sotope ratios);

2. Aerosols  (troposphere,  dtratosphere,  concentrations, Size  distributions,  composition;
sulphates,  carbonaceous,  volcanic);

3. Others (UV-B -- surface, profile).
These should be obtained from measurements a the surface, of profiles, and from satellites,

6.2.3 The Pand, noting that Japanese scientigs currently use flights of Japan Airlines
to acquire vauable information on CO, concentrations between Japan and Audtralia, encouraged
the investigation of the more extensive use of commercial airline flights to make routine
measurements of selected chemical species in order to acquire information on their horizontal
and verticd digtributions,

6.2.4 Dr. Whelpdale provided an update on the activities of the Global Atmosphere
Wach (GAW), paticulaly on ozone and aerosols. He noted tha the GAW includes a smdl
number of “global” stations and a larger number of “regiona” stations. The programme
includes qudity control, and provisons for archiving various sorts of data for future use. The
Pand agreed that many of the reguirements for GCOS will be met through the GAW activities.

6.2.5 Dr. Whelpdde briefly reviewed the recommendations from the Asheville meeting
regarding amospheric condtituents which focused principdly on greenhouse gases (see Annex
V). He ds0 noted that there was congderable “informa guidance” from the Asheville meeting
regarding collaboration (instrument and network design, anadlyss and interpretation), integration
of observations (in situ, satellite, ground based), emphasis on high qudity from few gtes (rather
than globa coverage a mediocre quality), and strengthened links among users and observers,
and among modellers, theoreticians, and observers.

6.2.6 Dr. Matsuo informed the Panel about the WMO World Data Centre for
Greenhouse Gases located in JMA. The Center is one of severa which archives data related to
amospheric  chemigtry.  Other centres retain information on ozone, turbidity, radiation, and
aerosols.  During the subsequent discussion, Pandists were concerned to learn that while much
data are collected, dissemination and user access mechanisms are limited and require
improvement. The Panel contrasted the gpproach of the World Weather Watch which has three
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principd elements to attend to the collection of observations, the digtribution of observations,
and the generation (and subsequent distribution) of appropriate products. This paradigm may
be rdlevant to the observations of amospheric chemistry. The Panel recommended that Dr.
Whelpdde review the role of CAS with regard to the establishment of distribution protocols for
condituent information. The Pand was pleased to learn about the activities of the centre at the
Universty of Thessdoniki in Greece. It servesasapoint of distribution for 0zone mapping
information to the user community. Similar activities were encouraged.

6.3 Development__of Recommendations

6.3.1 The presentation and subsequent discusson by the Panel on atmospheric chemicd
condiituents emphasized the essentid role of chemicd measurements in GCOS. Chemicd daa
ae necessay for the quantification of radiative forcing, for mode validation, and to eucidate
biogeochemicd  cycles. The species of primary interest for climate characterization are the
greenhouse gases, ozone, and the aerosols. These species are in mm gtrongly influenced by a
variety of other species, which therefore must also be measured (e.g., NOx, SOx, CO). For
model vdidation, the measurement of a suite of tracer species with a variety of lifetimes and
with spatialy varying source digtributions would be useful.

6.3.2 It was agreed that an integrated approach, employing both terrestrial and
pace-based  observing methods, would be required to meet these needs. Saellite observations
have dgnificant capability for globad observations principdly in the dratosphere and mesosphere
while surface based methods offer the best hope for tropospheric measurement probably through
the next decade.

6.3.3 The Pand was provided with a comprehensive document prepared by Mr. Vet of
the Canadian Atmospheric Environment Service, for the Joint Planning Office which provided
an oveview of the existing and planned observations of amospheric condtituents. In light of
that document, the Panel noted that the various observational systems now in place for
measurement of chemical species and related parameters are relaively new, and dill evolving.
Subgtantia  progress has been made recently in datasparse areas, and in improving the quality
assurance  procedures. The Pand commended these accomplisnments and urged that additiond
steps be taken now to ensure the overdl integrity of the chemica measurement systems. These
should include the establishment of procedures to monitor operationa aspects such as dation
reporting and quaity, access to and full use of the data, and the availability of metadata In this
regard, monitoring centres such as the GAW World Data Centres (WDC) or the Quality
Assurance/Science Activity Centres are encouraged to perform basic analyses of the various
datasets, both as a quality assurance step, and as a basic service for potential data users (e.g.,
the WDC for Greenhouse Gases in Japan, the Ozone Mapping Centre in Greece). The Panel
recommended that CAS take the appropriate actions to ensure data quality and access.

6.3.4 In view of the rapid evolution of systems to monitor atmospheric composition, the
Pand agreed that it is premature to recommend the edtablishment of a complete amospheric
composition reference network a this time. Nevertheless, the globa dSations of GAW and the
NDSC would appear to be a suitable nucleus for such a network. The Panel urged that the
responsible agencies drive for comprehensve and very high quaity measurement programmes
a these gtes. The Pand noted that the provison of information on the vertica digtribution of
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chemica species is a more pressing requirement than additiond surface measurements for some
key applications (e g . , modd vaidation). Therefore, where appropriate and feasible, surface
observations at the sites should be supplemented with routine vertical profile or multi-level
measurements.

6.3.5 The number and distribution of measurements of the longer-lived greenhouse gases
aopear to be adequate to assess radigion forcing and mode validation. Additiond sites (perhaps
usng flask sampling) are required to determine source and sink digtributions.  In the case of
ozone measurements, additional vertical profile information is required, particularly in the
tropics and sub-tropics, and in the upper troposphere/lower stratosphere regions. Improved co-
ordination and data handling are required for surface ozone measurements. The Pand noted
with interest the plans for an International Tropospheric Ozone Y ear (ITOY), which will not
only enhance knowledge of ozone behaviour in data-sparse aress, but aso lead to improved long-
term monitoring. The Panel strongly supports this initiative. Long-term climate-related
measurements  of aerosol remain  problematic. Recent initigtives of the Internationd Global
Atmospheric  Chemistry (IGAC) project to study the radidtive aspects of regiona aerosols are
welcomed, as are the instrument devel opment and testing projects within GAW. Ozone and
aerosol measurements are a high priority for GCOS, and the Pand urged CAS to enhance and
develop, respectively, these programmes in GAW as quickly as posshle.

6.3.6 In order to advance this aspect of GCOS, the Panel recommended the holding of
a workshop to evauate further “customer” needs for climate-related amospheric composition
measurements (e.g., modellers, GCOS panelists, policy makers, synthesis groups). The Panel
reiterated its earlier recommendation that the JSTC work to establish a forum to encourage close
collaboration and interactions between the operationd and scientific programmes in this aea
This forum could consst of representatives of the individua networks and scientists responsible
for the maor scientific programmes in atmospheric sciences. The scientific members of this
forum should provide advice on the type of network, measurement programme, type of
indrumentation and assst in establishing new dations or abandon existing stations.

6.3.7 The Panel recommended that the results of the GCOS activities concerning
chemicad condituents be consolidated in a document which, after review by JSTC-V, could be
widely  distributed.

7. THE INITIAL OPERATIONAL SYSTEM
71 Specific Activities to be Developed
7.1.1 The Pand expressed its appreciation for the support received from the various

WMO bodies in the establishment of the upper-ar network, and encouraged similar support for
the surface network. The panelists agreed to actively participate in developing further the
recommendations from the Asheville meeting, the implementation of the surface reference
network, and the activities in support of chemica condituent observations.

7.2 Inputs to the Space and Data Plans

The Plan for Space-based Observations
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7.2.1 Dr. Ryder, Chairman of the GCOS Space-based Observation Panel (SOP),
reviewed the latest draft (March 1995) of the GCOS Space-based Observation Plan. He outlined
the approach that had been taken by theinitial Task Group in preparing adraft for review by
the GCOS science-based panels such as the AOP, and by representatives of the scientific
community. Noting that the SOP would meet in May, he solicited input from the members of
the Pand for inclusion.

7.2.2 Panelists expressed their gppreciation for the extensve work that had been done
in preparing the draft plan. Panelists were pleased to see tha the atmospheric instruments were
featured prominently in the plan. They were very supportive of the activities noted in the plan
to engage developing countries as well as those with active space progranmes. Mr. Haruyama
provided an agency perspective, and urged that the space plan provide adequate links to the
agencies 0 that their plans may be responsve to the user requirements. He used the NASDA
Tropicd Ranfdl Measurement Misson (TRMM) as an illudration. The misson will generate
significant new observations of precipitation in the tropics, but the relevance of the data to
GCOS has not been made explicitintheplan. Dr. Ryder agreed to teke the comments to the
SOP  medting.

The GCOS Data and Information Management Plan

7.23 The Panel reviewed the final draft of the GCOS Data and Information
Management Plan and discussed, in detail, the objectives, the system vision, and the strategy
behind the plan. The Panel agreed that the plan has been designed in such a way that it may
serve a broad range of users who require information from primary data (Level 1) to final
climate products (Level IV). In view of the rapidly evolving communication technology, and
conddering that the volume of informaion as well as the range of products are likely to change
consderably with time, the Pand urged the use of flexible telecommunication services as noted
in the plan (eg., Internet) as a redigtic approach to meet GCOS needs.

7.2.4 The Pand strongly recommended that the JSTC give careful attention to the need
for long-term commitments by nations, not only to provide primary observations and
communication facilities, but aso to provide the necessary processing infrastructure required for
the provison of climate predictions and climae change assessments. While this is implicitly
anticipated in the plan, it isnot fully spelled out.

7.25 Saellite data processng, for example, requires substantid human resources and
computing facilities in order to transform measurements into useful geophysica parameters.
Recent experience suggests that for some parameters this should be undertaken preferably within
the framework of 4-Dimensional Data Assimilation (4-DDA) in order to explore the full
information content. Climate monitoring requires long-term homogeneous data sets of the three
dimensona date of the globa amosphere. This will require dedicated reanadlyss archives based
not only on a frozen data-assimilation system, as is the case with the ongoing reanalysis
activities of the European Center for Medium Range Wesather Forecasts (ECMWF) and the U.S.
National Meteorological Center (NMC), but aso the usage of a quasi-homogeneous
observationd data et

7.2.6 In order to provide the community with ongoing information of the dtate of the
Eath's climate sysem including the compostion of the amosphere as well as projections of the
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future evolution and its effect on the climate and the environment, systematic modelling and
predictions will have to be undertaken. The necessary human and computing resources must be
seen as a substantial activity and must be assured by nations on along term basis.

7.2.7 Finally, the Panel stressed the necessity that data and products to be provided
within the framework of GCOS-related and supported projects should be made available at
minimum cost to the users and that the climate research community a large should be invited
and encouraged to use the information.

7.2.8 The Panel was informed that a new practice on international data and product
exchange, which had been developed by the WMO Executive Council Working Group on
Commercidization of Meteorologicd and Hydrologicad Services, would be conddered by the
Twelfth WMO Congress in June. Panel members were reassured by those involved in the
preparations for the Congress that the new practice would facilitate the continued free and open
exchange (i.e., dataexchange at no more than the incremental cost of meeting the specific
request and to users without discrimination) of information required by the GCOS user
community for bonafide research purposes.

8. CLOSURE OF THE MEETING

8.1 In mid-afternoon on 23 March 1995, the Chairman closed the meeting and thanked
the participants for ther contributions. Although no firm date was sdlected, the Pand will plan
to reassemble in spring 1996.
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Terms of Reference for the
Atmospheric  Observation Pand

Recognizing the need for specific scientific and technica input concerning amospheric
observations, the Joint Scientific and Technicd Committee (JSTC) for GCOS hereby establishes
an Atmospheric Observationad Pand for climate with the following terms of reference,

Term of Reference:

0

Chairman.

In accordance with the GCOS Plan, to formulate and design a long-term
systematic observing system for the amosphere as an integrated part of GCOS,
with the objective to monitor, understand and provide information for the possible
prediction of the dynamica, physcd and chemicd processes that determine the
date of the amosphere from seasona to multi-decadd time scales,

To seek review and implementation support from the operators of other relevant
research or operationa programmes (eg, WWW, GAW, WCRP, IGBP) and to
collate, review, publish, and prioritize data requirements and observing system
specifications, to ensure the best possble support for GCOS;

To coordinate the activities with other GCOS panels and task groups to ensure
congstency of requirements with the overal progranme;

To report regularly to the JSTC.

Dr. Lennart Bengtsson, Germany
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Long-term Climate Monitoring of the
Global Climate Observing System (GCOS)

International Meeting of Experts, January 9-11, 1995 Asheville NC USA

Thomas Karl?, Francis Bretherton®,
William Easterling®, and Kevin Trenberth®

1. BACKGROUND

The documentation of long-term climate variations and changes is important for severa
reasons.  Such information is essentid to understand impacts on managed and unmanaged socid
and biophysicd systems. Additiondly, the ealy detection of anthropogenically-induced climate
change rests upon an observing system capable of delivering adequate long-term data.  In its
report, the IPCC (1995) posed several questions to the scientific community regarding the
present and past states of the climate for which our present observing system and data
management practices have faled to ddiver the quaity of data required to deduce unequivoca
information about the rates, and often even the sign of multi-decadal changes and variations.
Answers to specific questions such as.

(1) Is the climate warming?

(2) Is the hydrologic cycle changing?

(3) Is the amospheric/oceanic circulation changing?

(4) s the climate becoming more variable or extreme?

ae thwarted due to an inadequate or non-existent climate observing system. Each of the above
questions is actudly quite complex, not only from the dandpoint of a multivariate problem, but
because of the various aspects of spatial and temporal sampling that must be considered.
Obvioudy, without adequate answers to such basic questions, understanding climate change and
its predictability is not posshle.

The development of a Globd Climate Observing System (GCOS) offers the opportunity
for scientists to do something about existing observing deficiencies in light of the importance of
documenting long-term climate change that may dready be affected by anthropogenic changes
of amospheric compogtion and land use

As an important step toward improving the present dtuation, a workshop was held to help
define the long-term monitoring requirements minimaly needed to address the four questions

National Climatic Data Center, Asheville, NC
University of Wisconsin, Madison, WI
University of Nebraska, Lincoln, NE

National Center for Atmospheric Research, Boulder, CO
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posed above, with specid emphass on detecting anthropogenic climate change and its potentid
impact on managed and unmanaged systems. Theworkshop focused in on three broad areas
rlated to long-teem climate monitoring:

(A)  the scientific basis of the long-term climate products (including their accuracy,
resolution, and homogeneity) required from our observing systems as related to
the detection issue and the four questions posed by the IPCC;

(B) the satus of long-term climate products and the observing systems from which
these data are derived; and

(C) implementation strategies necessary to fulfil item (A) in light of the existing
systems.

ltem C was treated more in tems of feashility rather than a gspecific implementation plan.

2. INTRODUCTION

NOAA and the GCOS Joint Planning Office (JPO) helped to support a total of 94
participants who met for three days in Asheville, North Carolina, USA. About haf the
participants were from non-government institutions and the other half were affiliated with
nationa governments. Nine paticipants aso represented world organizations.  Scientists  from
ten countries participated, including North America (Canada and the USA), Europe (Czech
Republic, Finland, France, Germany, the Netherlands, and UK), Australia, and Japan.

There have been many planning meetings specificdly for GCOS, but this was one of the
first involving awhole community. Given the many previous planning meetings for GCOS it
IS important to recognize the extensve work by committees dready in place and to move ahead
from there, rather than reinventing suggestions dready being acted upon. Of course, this was
not easy as many participants were not familiar with all the GCOS reports. However, the
workshop should be viewed as helping to define redistic GCOS gods as related to the consensus
of some of the world's leading scientists with specid interests in decada-to-centennid  time-scale
climate  monitoring.

In his opening remarks, John Townshend, speaking on behalf of the Chair of the Joint
Scientific and Technicad Commisson, Sr John Houghton, reviewed the overdl tasks of GCOS
and the chdlenges ahead. He noted that the tasks included:

1. collating the data on obsarvaiond systems,

2. objectively defining the needs,

3. asessing the capabilities in scientific  terms,

4. defining the deficiencies of observationa systems, and
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5. defining improvements in  obsarving  systems.

Clearly, these actions will al lead to improvements in observation, assimilation, and
information systems which, in turn, agan sarve as a bass for re-examining vitd GCOS issues.
Dr Townshend noted that there will be competition for resources and vigorous questions of the
vdue of environmentd monitoring and research. There will be changing policy priorities that
will need to be addressed and pressures of commercialization. A special challenge will be to
badance nationd policies with internationd  responghilities.

Additional challenges arise from the inherent complexity of the Earth system, with
enormous variation in both time and space. Dr Townshend pointed out the difficultiesin
obtaning an overal understanding of current and future observing systems, and thus achieving
a clear picture of how planned capabilities will be eventudly redized. He indicated tha it is
important to recognize that deficiencies can often be met in a variety of different ways.
Planning should recognize that parts of observing systems will fail, but it is impossble to predict
which component will fal. Moreover, the impact of ether improvements or decay in observing
systems is often very difficult to assess. Accordingly, there are many difficulties in prioritizing
observing  systems.

Dr Townshend went on to discuss the challenges in maintaining and operating GCOS.
He recognized the contemporary decay of thein situ system, and the problems in ensuring
continuity and consistency of observations through time. Often there is a conflict between
technological advance and consistency. Maintaining global spatial coverage is a difficult
problem and there is always the question of how much redundancy should be built into the
system. Continuity of funding is also an issue.

Thomas Spence, Director of the Joint Planning Office for GCOS, described the overdl
framework through which GCOS operates. GCOS was established after the Second World
Climate Conference and relies on the overdl World Climate Progranme infrastructure to help
meet itsgoals. Dr Spence noted that in addition to climate change detection and response
monitoring, the goals of GCOS are to enhance national economic development and enhance
research toward improved understanding, modelling and prediction of the climate sysem. He
ds0 described the common interests of GCOS with respect to other Globd Observing systems
such as the Global Ocean Observing System (GOOS) and the Global Terrestrial Observing
System (GTOS). The ocean and land climate modules of those observing systems are identical
to the ocean and land components of GCOS.

Dr Spence indicated that the concept, scope, scientific and technical guidance of GCOS
Is the responsibility of the Joint Scientific and Technical Commission (JSTC), established
through a Memorandum of Understanding among WMO, 10C, UNEP, and ICSU. The JSTC
includes Atmospheric, Terrestrid, Ocean, Space-based Observation, and Data and Information
Management Panels.  Scientifically and technically sound and economically feasible
recommendations are expected from these pands and ae a prerequiste to any implementation
of changes or additions to exising observing systems. Inthisregard, he noted that the first
priority of GCOS is to define the Initid Operationd System which will consist of the current
operational components and essential augmentations, including a comprehensive data
management  system.
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Gregory Withee, speaking on behdf of the USA focd point for GCOS, Robert Winokur,
who is dso a Vicecharman of the GCOS Joint Scientific and Technicd Committee, challenged
the participants to address four items of particular concern.

1.

2.

3.

4.

What is the science behind monitoring?
How can different measurement systems be used together?
How can we prioritize our most important globa monitoring concerns?

How can we best use the measurements we have?

A number of principles for long-term climate monitoring were introduced by the meeting
organizer, Tom Karl, based on the work of Karl e d. (1995), and the USA Nationd Research
Council Climate Research Committee work. These principles point out that:

1.

10.

Data management, anaysis, and diagnogtics are a key pat of a reevant long-term
climae monitoring  system;

Prior to implementing changes to existing systems, or introducing new observing
systems, an assessment of the effects on long-term climate monitoring should be
dandard  practice;

Routine assessments of the long-term climate monitoring capability of exigting
systems should be standard practice;

Processing agorithms and changes in these agorithms must be well documented,

Knowledge of instrument, dation, and/or platform history is essentid and should
be treated with as much care as the data themselves,

In situ and other observations with a long uninterrupted record should be given
specid  congderation;

Cdlibration, validation and maintenance are critical to long-term climate
monitoring;

Obsarving systems should be complete, possbly including both “low technology”
and “high technology” components and ground truth validation;

The trangtion from research to operationd measurements for long-term climate
monitoring must be planed in an ordely and systematic manner;

Data management systems must facilitate access (minimum cost and freedom of
data availability) and data analysis.
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Following these introductory lectures and papers, a series of technical papers were
presented and discussed during the first two days of the meeting. These papers (most of which
will appear in a forthcoming volume of Climatic Change) were used as the basis for developing
recommendations in three bresk-out groups that met one evening and the subsequent day. The
pands were divided into the following categories:

(1) climate forcings and feedbacks,
(2) climate responses and feedbacks, and
(3) climate impacts.

The task of each break-out group was to develop a set of recommendations that could be
used by the GCOS JSTC to help ensure an adequate globa long-term climate monitoring
capability. It is important to understand that it was not possible to set priorities with respect to
the sat of specific recommendations developed a this workshop as related to the myriad of needs
within each of three bresk-out group topics. To set priorities complete information is required:
i.e.,, afinite number of choices, limited options, and a complete set of issues. Obviously
priorities change as assumptions, impacts, and users are varied. Instead, the set of
recommendations developed from this meeting should be viewed opportunigticaly as related to
each characterigtic of the climate system, forcings, feedbacks, responses, and impacts. All are
important, and should be implemented to achieve an adequate long-term globd climate observing
system.

3. RECOMMENDATIONS

Much of the motivation and related discussion associated with each of the
recommendations from the break-out sessions will be included in three separate reportsin
various dtates of drafting. Francis Bretherton is author and chair of the Climate Forcings and
Feedbacks Report, Kevin Trenberth the Climate Responses and Feedbacks Report, and William
Easterling the Climate Impacts Report. In this section a summary of the recommendations that
were put forward from each of the working groups is presented. Additional detailswill be
avallable in each aeafocus report and in the technical papers of the mesting.

In developing the recommendations from this workshop, careful attention was pad to the
boundaries of the area of interest, pecificdly, decade to centennid climae monitoring. The
GCOS effort on these time scales cannot be viewed as operationd versus academic, but rather
a patnership among observing system operators, anaysts, and modellers. Experience with the
wegther prediction and greenhouse gas flask sampling communities indicates that operations and
research can indeed be an effective team. This takes time, leadership, and organization. GCOS
interests on decade-to-centennial time scales will have to ensure that such a partnership is forged.
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31 General Recommendations

Recommendation I
Prior to implementing changes to existing systems or introducing new observing systems,
an assessment of the effects of these changes on long-term climate monitoring should be
performed as standard practice.

Recommendation 2
Continued efforts should be made to improve the qudity and volume of the historica
data base.

Recommendation  3:
Egablish the capability for assessng the data quaelity of observations important for long-
tem climae monitoring, detection, and attribution. This should include the chain of
activities involved in the processing of data into useful products.

Recommendation 4
Establish aroutine, long-term climate assessment centre whose tasks would include
regular examination and re-examination of the ocean climate data base in order to
produce up-to-date dtate-of-the-ocean climate assessments.

Recommendation 5:
Develop an information management system dedicated to the gathering, quality contral,
assembly, and archiving of ocean climate data; and a system of telemetry, communication
and permanent storage dedicated to the objectives of the system.

Recommendation 6:
Overlgpping measurements of both the old and new observing systems for both in-situ
and saellite data must become standard practice.

Recommendation 7:

Provide on-board cdibration of operationd satellite sensors, especidly radiances based
on olar reflectance.

Recommendation  8:

Develop the capability to control polar orbiting satellites so diurnal sampling is not
biased.

Recommendation 9:
Pursue dternative means for calibrating stratospheric measurements from satdllites, e g . |,
utilize the ozonesonde network as the rocketsonde network has decayed.

Recommendation 10:

The full and open internationa exchange of data a minima cost of reproduction must
be given a high priority.
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Recommendation 11 :

3.2

It is recommended that GCOS give high priority to the development of metadata
information systems which users can readily access and query. It is further
recommended that metadata be given high priority and that GCOS make a similar

recommendation to WMO. Initial focus should begin with surface temperature,
precipitation, and pressure. The metadata should include past and present information
required to interpret the representativeness, accuracy, and bias of the measurement, such
as time and place of observation, site exposure, instrumentation and methods, data
formats, methodology used to process the data, and where and how the data may be
accessed.

Climate Forcings and Feedbacks

Recommendation:;

Greenhouse gases (CO,. CH,. CO. N,0. CFCs. H,0 vapor) --- To better understand
large naturd changes in greenhouse gas growth rates, expand the present flask sampling
network. Tropospheric 0, is dso an important greenhouse gas which may be increasing.
Ozonesondes, the only current feasible technique for obtaining profiles must be expanded
in geographic coverage and improved in quality. Upper tropospheric and  stratospheric
waer vapor measurements must be expanded, as current measurements are suggestive
of important increases, but this is based on a single ste.

Recommendation.

Aerosols  --- Sadlite-borne lidar should be encouraged to measure globa opticd  depth,
but by themselves these data cannot provide the necessary chemical information to
provide a quantitative connection to tempordly and spatidly varidble aerosol sources.
To a large degree agrosol monitoring should be viewed as a research problem. As such,
expand a smal number of aerosol observation Stes in areas where key aerosol types exist
(e. g ., industrid haze biomass, combustion smoke). These stes should be equipped with
a complete set of aerosol characterization insruments, and complemented with frequent
flights of instrumented aircraft to document horizontd and verticad vaiahility. Intensive
observations should be continued for afew to several years, after which a plan should
be developed for long-term monitoring of a subset of aerosol characteristics.
Messurement methods must be developed, optimized, and Standardized.

Recommendation:

SOl _energy - Improve the present solar monitoring instruments aboard Spacecraft by
using up-to-date technology, and provide overlapping satellite coverage for tota
irradiance as well as spectraly resolved irradiances. Complete spectrdl  varigbility is
required for understanding physical mechanisms, but present-day instruments need to
improve accuracy. A complementary ground based solar monitoring program is needed
for moddling, recondruction, and vaidation.
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Recommendation:

Clouds --- Integrate satellite and in-situ data  Evaluate the loss of cloud type
observations as daions become automated. Diurnd sampling bias is a serious salite
problen and could be overcome to a significant degree by the use of three polar orbiters,
one in a precessing orbit and the other two with constant equatorial crossing times.
Overlapping satellite coverage is criticdl for trend detection. In-Situ measurements should
be expanded, especially over the southern hemisphere, and must include cloud cover,
morphologica types, and base heights. Cloud base (in-situ) and cloud top measurements
(satellites) are criticd cloud properties whose accuracy must be a high priority.

Recommendation.
Water Vapor --- For radiosondes (and rawinsondes): develop a new cost effective sonde
or equivalent technology; standardize algorithms converting relative humidity to dew
point temperatures, dtandardize reporting procedures, develop dation histories and  an
achive of rdlevant metadata; improve humidity sensors with respect to response time,
performance a low temperatures, low humidity, and high humidity; as routine practice
develop a reference radiosonde intercomparison for al operationd sondes. For satdlites:
implement GEWEX (GVAP) priorities to make exiging data useful (Geodtationary and
Polar Orbiters). More precise pre-launch cdlibrations of the water vapor channes are
required and higher vertical resolution can and should be achieved using existing
technologies.

Recommendation:
Radiation Budget --- The Earth’s radiation budget provides vital diagnostic tools for
evaluating changes in clouds, aerosols, and surface radiative forcing.  Long-term
monitoring, not necessarily from operationd sadlites, should be a high priority.

3.3 Climate Responses and Feedbacks

Recommendation:
Model Reanalvsis --- Reanalysis activities should be encouraged and should occur at
regular intervas (every 5 to 10 years) as data assmilaion systems improve. Additiond
reanadyses should be underteken that address the needs of decada-to-century time scaes
and the problem of a continudly changing data base.

Recommendation:
CLIMAT Data --- Upgrade the network by taking advantage of the “information
superhighway " . Countries should be asked to submit more stations per unit area and
more in red time

Recommendation.
Greenhouse-sensitive  Variables - To determine which variables to monitor for the
climae change detection problem perform detaled sgnd-to-noise andyses of globd
climate model experiments forced with redigtic “trandent” anthropogenic forcings of the
increases in greenhouse gases and changes in amospheric aerosol.
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Recommendation.
Reference Stations --- Global baseline surface and upper air networks should be
established and maintained on multi-decade time scaes. Daa from these sations should
be fredy, openly, and widdy digributed. Changes a the dtations should be documented
with special care, including long-term overlapping observational periods.  Funding
mechanisms should be edtablished to assure continued operation of basdine dations.

Recommendation:
Tropospheric and Stratospheric Temperature --- Desgn and fly a satdllite-based system
with redundant stable instruments that are capable of producing continuous time series
of temperaiure. The next set of NOAA satelites will no longer contan instruments that
match the present MSU channels.  This constitutes an increased risk of failure. The
problem should be rectified.

Recommendation.
Surface  Marine --- Improve the: (1) in Stu sea surface temperature (SST) by converting
to ship hull thermometry and depth sensors, (2) SST analyses by blending in situ data
with precison satellite data, (3) ar temperature measurements from ships, eg., by using
electronic sensing and/or better placed screens, (4) in situ surface pressures, e.g., by
usng electronic barometers, (5) the near-surface winds by using automated instruments
that measure true wind and thus eiminate the need for using the Beaufort wind scae, and
(6) the measurements of surface humidity, e.g., by using electronic humidity sensors
with sdt protection. Support the fusion of in Stu observations of winds with those from
remote sensing, such as from scatterometers and altimeters. Increase the number and
improve the assessment of surface wave measurements.  Pursue the prospects for
improved edtimates of precipitation over the ocean usng severd technologies. Rescue
and digitize data that are now in manuscript form only, particularly where these data fill

space/time gaps (such as the Kew and Kobe collections). Maintain existing buoy
networks.

Recommendation:
Sea Level --- A subset of the Globa Sea-level Observing System (GLOSS) network,
preferably those with long consistent records, should be supported. These dations should
be geocentricaly located. Implement a fully operationd long-term precison atimeter
sadlite misson, accompanied by a smal number of precison, sadlite reporting sea
level  gauges.

Recommendation:
Subsurface  Ocean --- Implement a globa network of subsurface autonomous floats (eg.,
ALACE) measuring Lagrangian velocity at intermediate depths, and profiles of
temperature, subject to successful demonstrations by the World Ocean Circulation
Experiment (WOCE). Exigting longtime series dations measuring temperature,  sdinity,
etc., should be maintained and, on the basis of further scientific assessment and improved
technology, new time series dations should be established a formerly occupied sStes or
a caefully selected new sites. Many bathymetry data sets are only marginaly adequete
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for modem climate studies. It is recommended that these data sets should be enhanced.
A concerted effort should be mounted to digitize al upper ocean and interior ocean data
that presently exist on fragile, non-permanent media. Efforts should be continued to
trace and make pat of the permanent archive temporarily “logt” data (eg., as in the I0C
GORDA data archaeology project).

Recommendation:

Crvosphere --- Optimize the procedure for blending satellite data and in situ
measurements of snow to produce historica time series of gridded snow depth, areal
coverage, and water equivalent. Ensure a period of overlap (about 2 years) of new
automated NOAA/NESDIS snow cover and sea ice (Navy/NOAA Joint Ice Centre)
products and current products, assess and demonstrate continuity before discontinuing the
older product. Establish a central archive of lake ice data. The archive should contain
hisoricd data now held by various nationd agencies and other sources. Implement data
quality control and reformatting, and use the existing data to define an optima network
for monitoring by saelite in the EOS era Edtablish an dtimetric basdline for decada
sampling of ice shedts. Increase the spatiadd density of shallow cores, paticularly in the
interior of the ice sheets, with a view to determine the tempord and spatid correlation

of accumulation, and their dependence on geographic location, and direct measurement
of fim dengfication.

Recommendation:

3.4

Precipitation --- In situ precipitation measurements are being used as the basis for
cdibration of models and remote sensing data, but virtudly al in Situ measurements are
dffected by biases that change in time. Modernization of these networks is now creating
additional biases which need to be well understood prior to implementing changes.
Unbiassd in Situ measurements should be a high priority. The fuson of gauge satellite,
radar, and model-generated precipitation estimates should be given a high priority.
Streamflow and lake level data should be improved and benchmak data sets developed,
free of anthropogenic influences. These data can serve as critical reality checks for
precipitation  variations.

Climate Impacts

Consumers of impact-related climate data from GCOS include resource managers,

planners, governments (regional, national, state, local), and climate impact researchers. As
such, focus in this area must look beyond the climatological field and consider a broader
spectrum  of  socio-economic  hiophysical  interests.  The need for clear high-end products is

chronic.

Recommendation:

Climate Indices --- More focus is needed on customer needs and moving information to
decison-makers. To help this process, emphasis should be placed on the development
of leading indicators of change related to: (1) climate extremes including droughts,
floods, and storms; (2) ecosystem hedth including ecotond change and biodiversity;
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change and biodiversity; (3) renewable resources including water, agriculture, forests,
and fisheries; (4) greenhouse responses including minimum temperatures and glacial
retreats, and (5) early warnings of mgjor climate events such as ENSO and volcanic
effects. To this end GCOS should consider establishing a working group on climate
indices to asses the present suite of indices to maintan coherence and much needed focus
for this topic.

Recommendation:

Other_Global Products --- An immediate need exists for long-term global products
meking use of both in stu and saelite data, including weekly snow cover, spring onset
of greenness, weekly drought index, and land cover change. These products should take
advantage of observations from multiple observing systems to provide the most complete
and unbiased representation of the climate sysem. In addition, very high resolution data
(e.g., Landsat, SPOT) should be assessed every five years to provide detailed
information on land use changes. This could be used to complement data from medium
resolution instruments, and is needed for assessing carbon stocks. A working group
should be established to assess existing products, identify what is currently available and
what can be added to the product suite.

Recommendation:
Data for Indices and Other Climate Products --- GCOS should encourage support for the

data needed to condruct climate indices and products. This includes both long-term and
near-real time data required to update the products and indices.

4. CONCLUSION

Clearly there are many opportunities for GCOS to improve our long-term climate
monitoring capabilities. And clearly monitoring requires the synthess of observations, anayses,
and moddling . As dready acknowledged, the recommendations put forth through this expert
meeting cannot be easily viewed in terms of priorities, but rather should be used in an
opportunistic ~ fashion. All  the recommendations should be conddered as important. Despite
these words there are two generd recommendations that stands out among al others.

Frd, adequate long-term climate monitoring will continue to be criticaly dependent on
developing a partnership among network operators, data managers, analysts, and modellers.
Such a partnership exists for weather prediction and must now be supported for long-term
cimate prediction. All paticipants must be stekeholders in long-term climate monitoring.

Second, GCOS may be best served by using the recommendations from this meeting of
experts in an opportunistic sense -- dl the recommendations are important.
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Wesather extremes are usudly referred to as severe locd or regiond events that regulate
the regiond digribution of climate variables. Although large-scle  amospheric  circulations,
such as planetary waves, the Hadley cell, the Walker circulaion, or the extratropica jet stream,
can determine the sequence of weather extremes which are characterized as the climate regimes
of a given region, the detailed structure of weather extremes is determined by atmospheric
motions teking place on synoptic scaes or mesoscaes. The study on the impacts of global
change on weather extremes is thus associated with the smulation of regionad climate change.

Smulation of Regional Climate Change

The three methods for regionad climate change smulation, as summarized by Giorgi and
Meams (1991), are the so-called empirical, semi-empirical, and modelling approaches. The
empirical approach assumes that the atmospheric circulation internally adjustsitself to give
smilar responses to different forcing under smilar lower boundary conditions (Wigley e d.,
1986). It uses either data from recent instrumental records or paleoclimatic analogues, but
suffers from the basic limitation that it does not account for possible variations in amospheric
forcings in a determinigic and physicaly consstent fashion. The semi-empirica approach links
coarsely resolved GCM outputsto regional surface variables by using empirical statistics. It
treats large-scale forcings explicitly through the use of GCMs, and accounts for mesoscale
forcings in an empirical fashion. Both empirical and semi-empirical approaches are

computationally inexpensive, but technically only valid for prediction within the range of the
data used to develop them (Giorgi and Mearns, 1991).

A modelling approach is more commonly used to study regional climate change.
Limitations of computing resources and development of adequate model physics parameterization
prevent running GCMs a mesoscde resolutions. Efforts then have been devoted to nesting of
high resolution models for particular regions of interest within a coarse resolution GCM. One
exampleisthe embedding of the fine mesh NCAR limited area model (LAM) of MM4 in the
genera circulation model CCM1. This was done by Dickinson et al. (1989) and Giorgi and
Bates (1989) for the climate sudy for the western U.S. region. Such coupled models can be
used to study the impacts of globa change on weather extremes occurring in the region covered
by LAM, such as fronts, tropicd and extratropica cyclones, orographic-induced circulation, sea
breeze, and severe storms. The development of LAM itsdf needs large amounts of climate data.

ENSO and Monsoon

ENSO is a dominant mode of atmospheric variability in the tropics. As noted by the
Intergovernmental Panel on Climate Change (IPCC), GCMs are capable of simulating the
seasond  tropical  aimospheric anomdies for El Nifio periods if the observed SST in the tropics
is prescribed (IPCC, 1990). The following is documented in “Climae Change 1992" (referred
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to as IPCC 1992 heredfter) concerning the modd sudy of the influence on ENSO of increasing
the concentration of greenhouse gases.

Using tropical ocean-atmosphere models, Lau et al., (1991), Nagai et a. (1991),
Philander et d. (1991) and Latif et d. (1991) have successfully smulated interannua variations
that resemble some aspects of ENSO phenomena, dthough the amplitude of the smulated SST
anomdies is generdly less than that observed (IPCC, 1990) and modd resolution appears to
have an important influence on the smulated behaviour. Meehl (1990) clams some success in
dmulating ENSO-like didurbances in a globad low-resolution ocean-atmosphere GCM,  though
it should be recaled that not al tropicd SST variations are associated with ENSO. The patterns
of tropicd sea level pressure changes that are characterigtic of ENSO in the present climate are
dso present with doubled CO, (Meehl e d., 1991b). The patterns of the tropica precipitation
and soil-moisture anomdies are similar in the control and doubled CO, cases, with the dry aress
becoming generally drier and the wet areas becoming generally wetter with increased CO,.
These results, however, are yet to be confirmed with other models.

Baker (1987) indicated that the occurrence of El Nifio in 1986-87 may be associated with
eathquake swarms in the seabed of the northeast Pacific Ocean. More evidence of the linkage
between El Nifio and seismicity were recently reported by Waker (1995). To invedtigate this
discovery, experiments using coupled ocean-atmosphere GCMs and seismicity data for the
Pacific Region may be required.

Indian monsoon rainfall is negatively correlated with ENSO events (Rasmusson and
Carpenter, 1982; Yasunari, 1991). The SST of the Arabian Sea and the equatorial Indian
Ocean, which drongly affects the Indian monsoon activity, is postively correlated with the SST
of the eatern equatorid Pacific. Numericd experiments based on the L9R15/IAP (Indtitute of
Atmospheric Physics) revealed that the snow melt in early spring on the Tibetan Plateau has
dgrong effects on the onset of the Indian monsoon and on the summer rainfal in Southeast Asia
region (Wu et al., 1995). This is because less snow cover on the plateau in spring season
produces more sensble heding to the amosphere. Therefore the amospheric circulaion will
be adjusted, and the monsoon onset is ealier.

In order to smulate the Indian monsoon activity and its associaion with ENSO, we need
to have more information about the Indian Ocean, including SST, surface energy budgets, wind
dress, surface ocean current, and about the surface and boundary characteristics of the Tibetan
Plateau, such as snow depth, depth of frozen soil layer, soil type, surface temperature and
moisiure, energy budget, and verticd profiles of wind, temperature and moisture, etc.

Tropicad Storm (TS

Another important extreme event is the occurrence of a tropicd storm. The first attempt
to smulate typhoon-type vortices by large-scde GCMs was made by Manabe et a. (1970) a the
Geophyscd  Huid Dynamics Laboratory (GFDL). The capability of higher-resolution  models
to predict TS formation as well asto simulate the geographical and seasonal distributions of
gorm activity has aso been demonstrated by Bengtsson et a. (1982, 1985, 1994a, 1994h). The
ability of GFDL models to simulate the formation of TS was further assessed by the
comprehensive study of Broccoli and Manabe (1990). In this aspect, Wu and Lau (1992)
emphasized the importance of developing suitable criteria for detecting the formation of TS
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rather than other kinds of perturbations such as baroclinic cyclones, continental lows and
equatoria  easterly  perturbations.

The impacts of doubling CO, on TS formation and convective precipitation have been
documented in IPCC 1992 as follows (B4.4, IPCC, 1992).

Broccoli and Manabe (1990) and Haarsma et a. (1992) found that the spatial and
temporal distributions of modelled tropical disturbances are similar to those observed. On
doubling CO, Haarsma et d. (1992) found that the number of sSmulated tropicd disturbances
increased, with little change in their average structure and intensty. However, as noted in IPCC
1990, Broccoli and Manabe (1990) found an increase in the number of tropica storms if cloud
cover was prescribed, but a decrease if cloud was generated within the model.

In the IPCC 1990 report a consstent increase in the frequency of convective precipitation
a the expense of large-scde precipitation was noted, with the implication of more intense loca
ran a the expense of gentler but more perssent rainfal events. This tendency has been found
in recent smulaions usng the CSIRO modd (Gordon et d., 1991, Pittock et d., 1991) and a
high resolution UKMO model (J. Gregory, persond communication). PFittock et da. (1991) find
a sysemdic increase in the frequency of heavy rain events with doubled CO, and a consequent
decrease in the return period of heavy rainfall. These changes are related to a systematic
increase in the frequency of penetrating convection in the tropics and mid-latitudes on doubling
co, (IPCC, 1990).

Nicholls (1979) has shown that, the passage of a strong TS can reduce the sea
temperature by several degrees in the top ocean layer of about 60 metres in thickness. In this
regard, a coupled ocean-atmosphere GCM with fine verticd resolution in the top ocean layer
is required to better smulate TS formation, and observations of sea temperature in the top layer
ocean is required to pursue the further study of TS formation.

Blocking

The degree of success of GCMs in smulaing anomaous atmospheric flows and blocking
has been shown by Benzi et d. (1986). On the other hand, IPCC 1992 summarized the progress
asfollows (B4.5, IPCC, 1992).

The smulation of persistent large-scde anomalies (eg., blocking) has proved difficult
to forecast with extended-range NWP models (Tibadi and Molteni, 1990; Miyakoda and Sirutis,
1990). However GCMs can simulate some of the statistical properties of blocking in the
Northern Hemisphere as recently shown by Hansen and Sutera (1990) for the Nationa Center
for Atmospheric Research (NCAR) CCM and by Kitoh (1989) for the Meteorological Research
Ingtitute (MRI) GCM. Tibddi (1992) has examined the spacetime variability of blocking in the
Max Planck Ingtitute (MPl) ECHAM model, using the blocking index of Tibaldi and Molteni
(1990) applied to 5-day mean December to February 500 hPa fidds in the Northern Hemisphere.
While the variance of both the low- and high-frequency components is reasonably well
dmulated, the magnitudes are systematicaly underestimated.
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The formation of blocking highs over Northeast Ada is associated with a bi-directiona
energy cascade of synoptic cyclones generated along the baroclinic zone over Europe and
Western Asia (Wu et d., 1994). Land surface properties in these regions, such as temperature,
soil moisture, albedo, and components of the energy budget are required to represent the
development of baroclinic systems in these regions o that the downstream formation of blocking
can be smulated.

The impact of SST anomay in the extratropics on the development of blocking depends
on the energy release from physica processes, particulally a the sea surface (Shukla, 1986).
In this regard, observation and caculation of latent heat flux, sensble heat flux, and short and
long waveradiation at the surface are needed for simulating blocking events.
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Observational Data Requirement for the Realization of Land
Data Assmilation System

Prepared by Nobuo Sato
Numerical Prediction Divison, Forecast Department
Japan Meteorological  Agency
Tokyo, Japan

[ntroduction

Land surface processes play important roles in the earth’'s climate sysem. Although we
have more surface observation stations over the continents than over the oceans, our knowledge
of the land surface characteristics as a lower boundary condition of the atmosphere is very
limited.

Sea wurface temperature (SST) is globally observed by ships and satdllites and its time
scde of varigion is more than a month. For predictions with time periods of less than a month,
specification of obsaved SST as a time-constant lower boundary condition is enough. Ocean-
amosphere coupled models are needed for predictions longer than a season.

On the other hand, in situ soil moisture observaions are very limited and they are not
a al exchanged. Remote-sensing of soil moisture by microwave techniques is not at a
satisfactory  level,

Soil moisture immediately affects the partition of surface energy into sensble and latent
heat fluxes, affects surface ar temperaure, humidity, planetary boundary layer (PBL) depth and
locd circulations in a few hours. Large scae circulation over continents is afected in a time
range longer than several days. This means tha we need knowledge on globd soil moisture
distribution (and snow depth which becomes a source of soil moisture in the spring) a dl time
scales.

In recent years most Numericd Wegather Prediction (NWP) and climate models have land
surface parameterization schemes with prognostic soil moisture. How to initidize soil moisture
and snow depth is an important and urgent issue in short-term climate prediction as well as in
NWP.

There are a few climatological soil moisture data sets. Those data were derived by
integrating land surface parameterization schemes (usually a bucket model) in time under
climatological atmospheric forcings. The soil moisture thus derived may depend on the
formulation and parameters of land surface parameterization schemes employed, and atmospheric
forcings.  The most serious problem of the climatological data setsis that they are not well
vaidated. Another problem associated with the climatologicd soil moisture is that interannua
vaiaion is not given. Therefore, it is quite difficult to perform sengtivity studies of anomaous
atmospheric circulation to soil moisture anomaly by GCMs. The extreme examples are 1987
early summer (dry U.S. continent) and 1993 summer (wet midwest U.S.).
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Initialization of soil moisture and snow equivalent water, and its validation is an issue
of foremogt importance, and it should be given a Sgnificant place in climate modeling .

Building Land Data Assmilation System (LDAYS)

The LDAS s asystem by which land surface processes are described and derived by
aoplying the concept of data assmilation.

There are three methods to initidize soil moisture. The firs method is to perform time
integration of off-line, one point land surface parameterization (LSP) schemes under amospheric
forcings. The atmospheric forcings are precipitation, downward surface solar and long wave
radiative fluxes, surface wind, ar temperature and humidity. Evapotranspiration, sensble heat
flux, runoff, surface temperatures and soil moisture in the soil layers are derived in the course
of time integration. This has been used as a method to vdidate off-line LSPs and many sudies
have been done along theselines. The problem of this method is that the soil moisture thus
derived may not be compatible with the GCM that has the same LSP scheme in it.

The second method is to use observed surface temperature and specific humidity. The
fird guess soil moisture is adjusted so that the smulated diurna variation of surface temperature
and specific humidity is made close to observations. This method can not be applied where the
land surface is covered by snow. It should be noted that the diurnal range of surface

temperature and specific humidity depends on not only soil moisture but adso on entranment a
the PBL top.

The third method to derive soil moisture is to perform the conventiond amospheric four
dimensond data assmilation with a coupled land-atmosphere model. For the soil processes the
data assmilation becomes a forecast-forecast cycle, because no observed soil data is assmilated.
Unlike off-line, one point LSPs, all the necessary atmospheric forcings are computed in the
model. The method may suffer spin-up regarding precipitation and climatic drift. The soil
moisture in some parts of the world may drift to unnatural and extremely dry or wet states if
no forcing to return to climatology is applied.

In the future, a new methodology such as four dimensond varigiona assmilation or
Kaman filter will be gpplied to the assmilation of remote sensng data and comprehensve and
consstent description of the land surface processes will be made possible.

ISLSCP Global Soil Wetness Project

Recently the Internationd Saellite Land Surface Climatology Project (ISLSCP), a sub-
program of GEWEX, initiated a global soil wetness project in order to solve some issues
surrounding land surface processes. Theoveral aim of the global soil wetness project isto
generate data sets of soil moisture and snow equivaent water on 1x1 degree grids for the two
years, 1987-88. The generated products are then validated and intercompared.  The
methodology adopted in the project is the firss method described above, that is, time-integration
of land surface parameterization (LSP) schemes under hourly atmospheric forcing.
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JMA, NMC, ECMWF, CSU/NASA, NASA and COLA will participate in the project.
The generated products will be intercompared by the Center for Climate System Research,
Universty of Tokyo in collaboration with JMA.

The atmospheric forcings, soil and vegetation parameters on 1x1 degree mesh global
grids will be provided by NASA. They are fields of:

(a) Six-hourly, four-dimensonad data assmilaion products from ECMWEF,

(b) Six-hourly convective and large scde precipitation from NMC reandysis cdibrated by
monthly  precipitation;

(c) Monthly downward solar and long wave radigtive fluxes in three hour time dices from
ISCCP;

()] Monthly ~vegetation parameters from  NASA;
(e) Soil texture, dope and depth;

H Monthly runoff from the Global Runoff Data Center for 96 major river basins (for
validation).

The generated global fidlds will be validated againgt operationd or fidd experiment, in
dtu measurement, basin wide runoff, and measurements inferred from satdllite remote sensing.
The vaidation will be made by ateam of hydrologists.

Observational Data Requirements for LDAS

No matter what the observations over land are used for, atmospheric forcing or vaidation
of land surface processes, more land surface datais necessary. The problem here is that they
ae observed but not exchanged on a red-time bass.

The required surface observations needed for LDAS are listed in the table below. The
observation time interva should be less then 6 hours in order to resolve the diurna varition.
Measurement of soil moisture is recommended, at least & some sdlected climate zones and for
the purpose of validation and as ground truth for satellite remote sensing. Because the large
scale water balance is checked by runoff and soil moisture storage, river discharge datais an
important part of land surface hydrology. The activation of WRDC is requested.



Annex VI, page 4

Table -- Observational Data Goals for Land Data Assmilation System (LDAS)

Variable

Surface ar temperature

Surface ar humidity

Surface  wind

Precipitation

Totd surface insolation

(or sunshine duration &

some measure of amospheric turbidity)
Surface downward long wave radiation
Cloudiness

(used for the computation of surface
downward long wave radiation)

Snow depth

Soil moisture  (surface  zone)

Soil moigture (oot zone)

Soil - moisture

Vegetation

Runoff

Temporal/spatial  resolution

6-hourly  minimum, 50km/20km
6-hourly  minimum, ditto

6-hourly  minimum, ditto

6-hourly dedrable, ditto

daly, ditto

daly, ditto
6-hourly desrable, ditto

daly, ditto

daly, 500 km

2 days, 500 km

5 days, 500 km

lo-days, 50/20km  (globd/regiond)
weekly/monthly, river  basns

(globd/regiond)



Annex VII

GCOS

Permanent Land-based Surface Climate Observation Network
Conceptual Design and Rationale

By the

World Climate Data and Monitoring Programme
February, 1995

CONTENTS

Lo

Introduction
2. GCOS surface climate network requirements

3. Recommendations of the WMO-CCI/GCOS-AOP Task-group
31 Ovedl dze and operation
3.2 Elements  measured
3.3 Network ~ standards
3.4 Data  sourcesreferences
3.5 Implementation

4. Technicd rationde

41 Network dgze

4.2 Elements measured
421 Air temperature
4.2.2 Precipitation
423 Atmospheric pressure
4.2.4 Humidity
425  Sunshine/cloud
4.2.6 Wind

43 Network gandards

44 Daa sources

5. References



Annex VII, page 2
1. Introduction

GCOS (Globa Climate Observing System) is a joint endeavour of four major
organizations (WMO/UNESCO/UNEP/ICSU) to provide the data needed to understand the
nature and variability of the globd climae system in order to prepare drategies for the future,
in the light of world environmental change. GCOS plans to reach its objectives by making
optimal use of existing networks and research programmes. To do o, it has recently developed
an Initial Operational System (10S), including a data management component, which will
assemble basdine data banks to support climate monitoring, model verification and the detection
of climatic change. Globa upper ar and surface climate networks to feed this database are now
being planned. This report is an initid conceptud plan for the surface climate network.

The patitioning of effort among terrestrid, oceanic and atmospheric GCOS components
is managed through the Joint Scientific and Technical Committee (JSTC). The Atmospheric
Observation Panel (AOP) isresponsible for the air programme. At its First Session, held in
Hamburg, April 25-28, 1994, the AOP accepted a proposal from the WM O Commission for
Climaology (CC1l) Working Group on Climate Change Detection to hep in the identification of
the surface climate network. The AOP recommended that a Task Group be established, having
representatives from the CCL Working Groups on Climate Data and Climate Change Detection
and the AOP, with the purpose of specifying a basdine network, selected from dtations which
would qualify as WMO Reference Climatological Stations. The meeting of that Task Group
took place in Geneva, January 31-February 1, 1995. As aresult of its deliberations, the Task
Group was able to develop a process to select a network that would meet GCOS' scientific
objectives. A framework was developed to help guide the implementation of the network (see
Appendix).

2. GCOS Surface Climate Network Requirements

It is desirable that GCOS networks be permanent, of high quality, well-distributed
geographically, and dedicated to the frequent, regular observations of basic parameters. It is
planned to refer GCOS proposed atmospheric networks to the WM O Commission for Basic
Sysems (CBS) regarding technica feashility, representativeness, optimal geographica coverage,
overdl programme qudity, and practicd issues of data availability and commitment to future
operations.

The surface climate observation programme should support the four GCOS amospheric
research priorities, as documented at the First Session of the AOP by Dr. K. E. Trenberth,
following review of the work of the Task Group on Atmospheric Processes.

(@ monitoring and prediction a seasond to interannua time-scae;
(b) detection of anthropogenicaly-induced climate change;

(c) dimae monitoring and regiond climate anomalies,

(d) climate forcings.
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Prediction at seasonal to inter-annual time scales (@) requires numerical weather
prediction (NWP) products for globad andyses and to initidize ocean models. These are obtained
from synoptic stations.

Climate change detection (b) requires selected representative, homogeneous, long-term
data and accompanying metadata files for trend analysis and the verification of models. In
choosing climate elements, air temperaiure is the most important, for reasons that are outlined
below. Atmospheric pressure and precipitation are aso important. Observaions of humidity,
cloud, sunshine and wind are aso useful, particularly in a corroborative sense. These
observations may be obtained from long-term synoptic stations, avoiding sites with strong
anthropogenic influences. A preferred choice would be those synoptic stations which aso quaify
as naiond or WMO Reference Climatologicd Stations (RCSs). Long-term measurements at Sites
with anatural environment, such as nationa parks, ecological research areas and agricultural
research dations are ided candidates for RCSs. Unfortunately, these are rarely synoptic stations.

The monitoring of globa climate and regiond climate anomaies (c) requires a broad
range of observations. These are obtained from synoptic dations, preferably those which aso
qualify as RCSs.

The dudy of climate forcings (d) requires cloud, radiation, precipitation, aerosols, and
a number of land-surface characteristics. Many of these parameters are not usualy measured at

meteorologica  dations, even when they are upgraded for climatology, and would need specid
observations.

3. Recommendations of the CCI/AOP Task Group on Baseline Surface Climate
Network Design

The rationa and criteria for the network were discussed during the process which led to
the development of a framework outline for the network by the Data Requirements Task Group

(see  Appendix).
31 Ovedl Sze and Opedions

At Hamburg, the AOP had recommended that the WMO Secretariat prepare a list of
approximately 200 candidate-stations, based on the CC1 proposd. The network Sze relates to
the detection of major climatic variability on the annual time-scale. Thisis now considered
inadequate. Over the past year, papers in the scientific literature have demondirated that regiona
(1000-km scale) concentrations of sulphates and other aerosols in the troposphere, which aso
have maked seasond vaiability, can have effects on hemispheric climate. Globd monitoring

for the detection of climatic change must take into account these anthropogenically-iced
influences.

The Task Group recommends a network of 800 land-based global surface climate
observing stations. Thisis adensity of one station per 250 000km? of the land surface, and
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including large idands. Even so, the group recognizes that the full, desirable programme cannot
be met presently. A baseline network that meetsmost conditionsis practical, and this can be
enhanced in future as opportunities are presented. It is aso recognized that the ultimate network
should include dl edements noted by Dr. Trenberth, but an initid effort should be made to obtain
regular observations of the most important elements needed for monitoring and climate change
detection.

For overweighing cost advantages, there must be congderations of minimum sSze and
possible statioa collocation with upper-air observations, but the network must be large enough
to field answers to scientific questions of globa importance, and its component dations must
consistently report good quality observations. As well, many should meet, or be close to
meeting, WMO criteriafor RCSs. It may be noted that the WM O RCS standards recommend
a minimum dendty of 2-10 dtations per 250 000 km? (WMO, 1986).

3.2  Elements Measured
The Task Group recommends that the basdline network take daily measurements of:

-maximum and minimum ar temperature,
-precipitation,

-aimospheric  pressure,

-humidity,

-cloud,

-sunshine,

-wind.

Since it is unlikely that the observationa programmes a a sdection of 800 stations from
the world network will include each of these eements, the priority in sation choice should be
(@ maximum and minimum temperaiure (essentid); (b) precipitation, pressure (very desirable);
(c) humidity, cloud, sunshine, wind (desirable).

3.3 Nework Standards

The network should be sdected from reliable dtations currently in operation on a daly
basis, with prospects for continuation. It is desrable to have an unbroken operation over the past
30 years, at least, in order to have areference period for verifying trends and anomalies. The
most representative dtation, or stations, within each 250 000 km? grid-box over the terrestrid
surface is to be chosen. The siting of stations is to be according to WMO standards, with
particular regard to minimising existing and future urban influences. The stations should be
equipped with good quality instrumentation and have regular maintenance. The observed data
should be subject to careful quality control. It is important dso to have adequate Station histories
and other metadata in order to interpret the climatologica time-series.
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3.4 Daa  Sources/References

Although officid records lis a great number of surface meteorological observing gations
throughout the world, only a fraction of these are suitable for climatological analysis.
Tabulations of actud data transmissons through the Globa Telecommunications System (GTS)
indicate extensive areas of the planet where half or less of the designated stations actudly reach
the circuits (Laver, 1995). Each month, the GTS carries 12001 800 CLIMAT reports. A recent
census of the number of global stations for which monthly temperature averages could be
cdculated reliably indicated 1250 dations, of which only 900 had an avalable 30-year reference
period (Jones, 1994). These are dations belonging to the WMO World Weather Watch (WWW)
and the CLIMAT networks. It includes dso a sdection by the WMO WWW Secretariat of 141
relidble surface stations which are collocated with the GCOS upper ar basdine network. Apart

from reliability and collocation, these dations have not yet been evduated as to being suitable
for climate research.

The Second Congress of WMO in 1955 cdled on each Member to establish and maintain
a SHection of climatologica dations a places where the exposure will reman unchanged over
avery long period. Subsequently a the Fourth WMO Congress in 1963, as an amendment to
the Technical regulations of WMO, a reference climatological station was defined as " a
climatologicad gation where homogeneous series of observations over a period, not less than 30
years,have been made or are expected to be made under specified conditions including adequate
exposure and accurate instrumentation and adequate overlap (at least two years) when
instruments are changed. A survey conducted in 1990 among WMO Members indicated
approximately 2300 long-term, homogeneous dations in exisence (WMO, 1993). However, the
stations are unevenly distributed over the globe, and the network has not been independently
evaluated. Some of the stations are included in the WMO CLIMAT and WWW networks.

The United States Nationd Climatic Data Center in co-operation with the Depatment of
Energy has assembled a basdine Globad Higoricd Climaology Network (GHCN). The daa
have been scrutinized for high scientific quality. Version 1 of GHCN, which was released in
1992, contains monthly mean temperature for more than 6000 dations, monthly precipitation
totals for 7500 dations, and sealevel pressure for more than 1850 dtations. Forty per cent of
the dtations have more than 50 years of record. Verson 2 is in preparation, and is expected to
have a two-fold incresse in dation numbers (Davidson, 1995).

The Climate Research Unit (CRU) a the Universty of East Anglia UK. has developed,
with the support of partners in the U.S.A. and the U.K., global long-term temperature and
precipitation databases which are continualy updated. These have been used for sentind studies
of globd warming over the past century, and were sdlected by the Intergovernmenta Pand on
Climate Change (IPCC) for the 1990, 1992, and 1995 reports on the state of world climate.

Other useful data sources include (@) surface measurements of the Globa Atmospheric
Watch (GAW) network; (b) files compiled by the International Data Rescue (DARE) Co-
ordination Centre, Brussels; and (c) country historical climate databases, including datafrom
reference  climatologicdl ~ stations, compiled by a number of WMO Members.
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35  Implementation

The overdl implementation of the recommended network requires severd steps beyond
this conceptua phase, including completion of the network design, approvals and reviews from
GCOS and WMO Commissons, Regiond Asociations and Members, and findly obtaining the
data for the proposed IOS Daa Information Centre.

The Task Group has recommended a procedure which may shorten the dtation selection
process. It has requested the CRU (Climate Research Unit, East Anglia) through P. D. Jones
and M. Hulme to propose an initial 800-station list. The CRU has unique qualificationsto do
this. It is aware of the present status of global surface climate observing (Jones, 1994). It
produces most of its analyses on 250 000 km? grid-boxes, and currently makes use of data from
900 dations each month. The information provided by CRU would be consdered in the light
of other data sources, and presented to the GCOS AOP for review at the earliest occasion.
Subsequently, comments would be solicited from WM O organizations and others. Finaly, a
specia task group of experts would be struck by AOP and CCL1 to scientifically design the
proposed network, certifying its capability to resolve pertinent, specific questions.

4, Technical  Rationale
4.1 Network Size

As was mentioned in section 3.1, recent serious consderation by the scientific community
of the climatic effects of tropospheric aerosols, which have significant seasonal variability,
caused the Task Group to deem an ar temperature network of 200 dations to be inadequate for
climate change detection support. The origind idea was derived from the work of Jones (1994,
and earlier) who calculated that 95 per cent of annual global and hemispheric-scale climatic
variability can be detected by a network of 170 temperature dtations. However, documenting the
probable causes of climatic variability denoted by air temperature fluctuations is aided by
observations of other elements, such as precipitation, athough to do so may cause an increase
in the number of measuring sites. However, the Task Group concluded that the evidence of
retardation of globd waming by regionaly-concentrated aerosols, most from anthropogenic
sources, suggests that global monitoring must be capable of digtinguishing finer-scale variability,
and ought to include, as well, some measurements of other elements besides temperature.

A network of 800 dations, with most taking synoptic observations, would permit some
multi-dlement andyses. As well, as demondtrated by Jones, an 800-station network, distributed
a a dendty of one dtation per 250 000 km?, provides even spatia coverage of the Earth's land
aea, including large idands. This is an attractive attribute for global monitoring. It is adso not
far from the upper limit of avalable stations reporting in near-red time. In section 34, it was
noted that the GTS distribution of the monthly CLIMAT messages has alower limit of about
1200 stations, and Jones indicates that he can only use about 900 of these (lower limit for
reliability). This represents a loo-station cushion against closures, and to offset the fact that
severdl dtations do not consistently report month after month.
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In the plan, the800-station network isintended to be a baseline, having near-real time
capabilities, For other GCOS requirements, data from other good quaity dtations are availadle,
such as those in the GHCN. Moreover, as the WMO RCS network develops, it is intended that
it will have a minimum densty of from two to ten stations within each 250 000 km' grid-box.
Well-managed basdine networks with strong user-support will enable the growth of high qudlity
observation programmes, perhaps helping to discourage the recent tendency for diminishing
numbers of reporting stations.

4.2 Elements Measured

4.2.1 Air Temperature

Air temperature is the most common eement used in climaie monitoring. There are a
number of reasons why. Temperature has been measured in much the same way for more than
200 years. Radiation shelters, instrument calibration, exposure standards and times of
observation have varied, but temperature records from the 18th century can be interpreted in
modem terms.

Temperature is an integrative measurement of heat responding to energy balance and
water balance processes. Day-to-day accumulations of heat units relate to phenological stages
of the biosphere, and are important to high latitude and high altitude hydrology, or for other
stuations where there are many freezethaw cycles during the year.

Air temperature at 1.4 m is a conservative element which is representative over
horizontal distances up to 40 km and beyond, depending on acceptable error. Measurement
systems are comparatively smple, and are found in much the same form throughout the world.
Data from modem electronic sensors can be merged with thermometer data Many dations have
records exceeding 100 years in length, which can be valuable for trend analysis and model
verification. As well, three and four-dimensional studies of temperature contribute to our
understanding of critical climate system processes. Recent inter-annua and inter-decadal
maximum and minimum temperaiure trends, representing daytime and nighttime conditions, have
been shown to differ sgnificantly on regiona scades. The GCOS network should measure both.
Maximum and minimum temperatures, dong with the derivatives of mean daly temperature and
daily temperature range, are valuable parameters for the analysis of climate variability and
change.

4.2.2 Precipitation

Precipitation is a principal element of the hydrological cycle which has encouraged
comparatively dense networks in most parts of the world. Rain gauges are comparatively
inexpensve to buy, and usudly have a long life before they sart to leak, but they become rather
uselessin cold climates over much of the year, where snowfall has to be measured by larger
gauges shielded against undercatch during wind, or by ground surveys. Precipitation has high
spatial  variability, requiring dense networks at times, but it can adso be areally etimated using
the hydrologica water baance. Precipitation, accumulated over a period of time, is useful for
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model validation. Precipitation, in spite of its measurement difficulties, is a very desirable
basdine climate eement.

4.2.3 Atmospheric Pressure

Pressure, like temperature, has been measured with mercury and aneroid barometers in
the same way for many decades. Measurements need to be precise as changes are smal. At land
dations measured pressure is adjusted to equivdent sealevel vaues for spatid andyses. Mode
studies have found pressure as a useful element for attributing variability, primarily dueto it
being a good indicator of atmospheric circulation. The usefulness is enhanced in three and four-
dimensond dudies. Pressure is a very dedrable basdine climate element.

4.2.4 Humidity

Changes in the amospheric water balance may be monitored using surface and upper-air
humidity measurements. Unfortunately, humidity is measured by a number of methods, none of
them having an accuracy greater than +/-5 per cent, the error being greatest in cold climates.
Nevethdess, the vaue of amospheric water vapour to climate modds and climate variability
dudies means tha it is a desrable eement to the observation programme.

4.2.5 Sunshine/Cloud

Sunshine and cloud, dthough complementary, are measured differently, and cannot be
subgtituted for each other without a large error of estimate. These elements sometimes serve as
proxy for solar radiation, but are aso useful in a corroborative sense for comparisons with the
behaviour of other elements. At surface stations, cloud is measured by visual estimate. A
number of sunshine instruments are in existence, but the most common is based on the 19th
century Campbell-Stokes design. As radiation eguipment becomes more relidble and affordable,
sunshine stations are being closed. Presently, however, sunshine and cloud are desirable
elements.

426 Wind

Like precipitation, there are a number of problems in spatid comparisons of surface wind
data, relating to variable anemometer performance characteristics, exposure heights, and
unwanted turbulence crested by nearby obstacles. However, wind measurement analysed three-
dimensondly, and over time, is a sendtive monitoring tool because of strong process links with
other climate eements. It is a desrable eement for the GCOS network.

4.3 Network  Standards

A climatological network used for research must be operated under the highest standards
specified by WMO. High standards for instrumentation and maintenance should not be
compromised, and the data must be subject to regular, consstent quality control as specified by
WMO. For the study of climate, particularly beyond the inter-annual scde, dtation histories and
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other metadata are needed to verify trends and anomdies. Metadata files may be of secondary
importance to red-time requirements of meteorologica services, but are very much needed for
climatology. Indeed, for inter-decadal research, detailed metadata files ae essentia.

4.4 Data Sources

The sdection of surface climate dations for the GCOS basdine network is an iterative
process. The firg consderation must be the reliability of reports, but this must be ultimately
balanced with other qualities. For this reason, we have sought the advice of the Climate
Research Unit who are the custodians of the IPCC surface climate database. The CRU
climatologists, themselves, undertake active research with the data, and publish the results in the
international literature. One of the databases they work with is the approximate size of the
proposed GCOS baseline. The next step is to examine the 800 reliable, equally distributed
dations against other criteria How well do these sations compare with WMO RCS dations, or
dations in the GHCN, or esewhere(for example, in the repostories of WMO Members, or in
DARE files)? What better stations can be substituted? What mechanisms can be initiated to
dtract additional stations, and how might their data be used? Through each of these dtages the
advice of tiers of experts must be sought, from the internationd to regionad and country levels.
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APPENDIX
Framework for Egablishing a GCOS
Permanent Land-based Surface Observation Network
Purpose:
The prime purpose of the network would be to meet the land-based surface data requirements
on global to large regiona scales for the detection of anthropogenic climate change, the
monitoring of climate and the andyss of climae variability. The network data will also be
ussful for the devdlopment and vdidation of climate modes, the devdopment and verification
of climate predictions and for a variety of other climate applications and services.
Size:

Approximatey 800 dations

Criteria:
o most representative station(s) in a 250,000 km? area box

. operationd on a daly bass with plans to continue into the future

. adequately situated, especially with regard to minimizing existing and future urban

influences
. minimum  30-year record of parameters desrable
. quaity indrumentation and maintenance

. caeful quality control of data

. adequate METADATA

Parameters:

. essential.  maximum and minimum  temperatures

o very desirable: dtation pressure and precipitation

. desirable: relaive humidity, sunshine, cloudiness and wind

Data Sources/References:

o IPCC Clobd Surface Temperaure Data Set
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Globd Higoricd Climate Network
Reference  Climatologicd Stations in WMO Member  countries
WMO Member candidate dations for a globd Reference Climate Station network
WMO CLIMAT gtation network

Stations in WMO countries from which 1961-1990 Climatologicd Standard Normas are
available

WMO Globd Atmosphere Watch network
WMO World Weather Watch network
GCOS Basdine Upper Air network

Internationl Data Rescue Co-ordination  Centre

Implementation Strategy

1

Request the University of East Angliato propose alist of stations based primarily on
their database;

Inform the presidents of CCl and CBS of plans;

Take into consideration the other listed data source/references and make any minor
adjustments deemed necessary;

Present the list of stations along with its rationale to the next meeting of the GCOS
Obsarvation Pand (scheduled for 20 -23 March 1995 in Tokyo);

Seek the comments and input of WMO Regiona AssociaionsMembers;

Initiate a scientific investigation by severd experts to evduate the list through cregtion
of a specid task group of the Working Group on Climate Change Detection.
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Recommendations from the Data Requirements Task Group of the
CCl Working Group on Climate Change Detection

30 January to 2 February 1995
Geneva, Switzerland

RECOMMENDATIONS

1.

A forma mechanism be arranged for the Working Group to present its views on the data
requirements and representations of data used in the IPCC assessments. It was proposed
to request permisson from the IPCC, through the co-ordinator Dr B. Cdlendar a the
Hadley Centre, UK.to enter the forma review process of those chepters where there
ae daa issues pertaining to climate change detection.

Expetise on the data requirements related to atmospheric trace gas radiative forcing as
well as with sulphur aerosols is needed in the working group.

There should be a closer association with the World Climate Research Programme
(WCRP), particularly the Climate Variability (CLIVAR) project, and the Global
Atmospheric Watch (GAW) activities with the view to designating rapporteurs for
coupled amosphere-ocean modelling and the climatic effects of tropospheric aerosols.

The Working Group should actively support GCOS in addressing the recommendations
of the January 1995 Asheville meeting on “GCOS Monitoring Requirements for
Documenting and Detecting Long-term Climate Change, particularly with regard to
evaluating data in near-real time with the help of metadata files, developing human
dimenson climate change indicaiors, and developing proxy and tropospheric  aerosols
data sets that are suitable for climate change detection purposes.

The recommendations of the Inter-Programme Data Management Co-ordination Meeting
(Geneva, November 1994) should be supported, particularly those related to climate
change detection such as compilation of data caaogues, comprehensve metadata files,
improved data access and the feashility of inter-programme co-ordination by CBS.

Work closely with GCOS in establishing surface and upper air reference station
networks, taking the lead in the initid selection of dations for the establishment of the
GCOS Permanent Land-based Surface Observation Network. The Working Group should
establish a small tak group of experts to conduct a scientific review of the network.

The importance of WMO Member countries establishing and maintaining reference
climatological station networks for the purpose of regional to national scale climate
change detection studies should be emphasized.
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Provide global and regiona data sets to countries having CLICOM, in order to promote
the international exchange of data, to obtain feedback on data being used and to catalyse
the development of science. The Carbon Dioxide Information Anaysis Center (CDIAC)
and the National Climatic Data Center should be approached regarding assistance to
provide such data sets.

To encourage more frequent and complete documentation of metadata, appropriate
revigons should be included among the planned enhancements to the CLICOM.

Assg in developing co-operative projects with the System for Andyss, Research and
Training (START) programme for the training of personne to work with climate data,
for the ultimate purpose of promoting climate change detection research a the regiona
level. This could begin through the training of CLICOM operators and researchersin
developing countries. It was recommended that the Secretariat initiate contact with the
START office in Washington, U.S. A, and upon favourable response, arrange for
paticipation by members of the Working Group interested in the capacity-building issue
a a future START programme-planning mesting.

The following lig of actions and responsbilities should be consdered in developing the
implementation plan for the Climate Change Detection Project:

a) Review and comment on the WMO annua dtatements on the datus of the global
climate;

b) Collaborate with GCOS on issues of mutuad concern;

c) Encourage and assist in the development and establishment of reference
climaologica gation networks including those designated for GCOS,

d) Interact with the World Climate Research Programme (WCRP), particularly the
Climae Vaiddlity (CLIVAR) project;

e) Expand the expertise of the Working Group in coupled ocean-amosphere modes
through creation of a rapporteur;

) Expand the expertise of the Working Group in the area of atmospheric aerosol
forcing data requirements;

g) Egablish linkages with the Globd Atmosphere Waich (GAW) programme;

h) Examine posshle linkages with the Past Globa Changes (PAGES) project within
the Internationa Geosphere-Biosphere Progranme (IGBP) in order to improve
understanding of inter-century climatic variability, particularly during the past
millennium;
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13.

14.
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) Encourage and promote mechanisms for capacity-building of the climate change
detection issue (data aspects).

Seek ways to familiarize officials drafting international climate change framework
conventions, for example the forthcoming “Conference of the Parties’ of the importance
of climate change detection, and the need for much grester co-operation among countries
in sharing clirnatological data for the common good. An informd discusson with Dr. B.
Bolin, regarding a suitable contact was suggested.

Review and comment on the likely role of “new” response data from reandysis projects,
renote sensng (eg MSU data) in enhancing or replacing traditiona response data ets.

The president of CCI be advised in writing of the results of this meeting, in particular,
those related to the design of climate monitoring networks suitable for climate change
detection and srengthening a long-term didlogue on data issues in climate research.

The full Working Group should meet in 1996. The timing should be co-ordinated with
the anthropogenic climatic change pand of CLIVAR in order to arange, if possble a
one-day joint sesson.
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LIST OF GCOS PUBLICATIONS

Report of the first session of the Joint Scientific and Technical
Committee for GCOS (Geneva, Switzerland, April 13-15, 1992)

Report of the second sesson of the Joint Scientific and Technical
Committee for GCOS (Washington DC, USA, January 11-14, 1993)

Report of the third sesson of the Joint Scientific and Technical
Committee for GCOS (Abingdon, UK, November [-3,1993)
[ftp://www.wmo.ch/Documents/gcos/jstc-3.txt]

Report of the fourth session of the Joint Scientific and Technical
Committee for GCOS (Hamburg, Germany, September 19-22, 1994)
[ftp://www.wmo.ch/Documents/gcos/jstc-4.txt or /jstc-4.wp5]

Report of the GCOS Data System Task Group (Offenbach,
Germany, March 22-25, 1994)
[ftp://www. wmo.ch/Documents/gcos/dstg.txt or /dstg.wp5]

Report of the GCOS Atmospheric Observation Pandl, firgd sesson
(Hamburg, Germany, April 25-28, 1994)
[ftp://www.wmo.ch/Documents/gcos/aop-1 .txt or /aop-1 . wp5]

Report of the GCOS Space-based Observation Task Group
(Darmstadt, Germany, May 3-6, 1994)
[ftp://www.wmo.ch/Documents/gcos/sotg.txt or /sotg.wp5]

Report of the GCOS/GTOS Teredtrid Obsarvation Pand, firgt
sesson (Arlington, VA, USA, June 28-30, 1994)
[ftp://www.wmo.ch/Documents/gcos/top-1.txt or /top-1.wp5]

Report of the GCOS Working Group on Socio-economic Benfits,
fird sesson (Washington DC, USA, August 1-3, 1994)
[ftp://www. wmo.ch/Documents/gcos/wgsb-1 .txt or /wgsb-1 .wp5]

Summary of the GCOS Plan, Verson 1.0, April 1995
[ftp://www. wmo.ch/Documents/gcos/gps-verl .oct or /gps-verl .wp5]

Report of the GCOS Daa and Information Management Pandl,
firs sesson (Washington DC, USA, February 7-10, 1995)
[ftp://www.wmo.ch/Documents/gcos/dimp-1.txt or /dimp-1.wpS5]

The Socioeconomic Benefits of Climate Forecads Literature

Review and Recommendations (Report prepared by the GCOS Working
Group on Socioeconomic Benefits), April 1995
[ftp://www.wmo.ch/Documents/gcos/wgsb-1rr.txt or /wgsb-1rr.wp3]
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(WMO/TD-No. 677)

GCOS-14
(WMO/TD-No. 68 1)

GCOS-15
(WMO/TD-No. 684)

GCOS-16
(WMO/TD-No. 685)

GCOS-17
(WMO/TD-No. 696)
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GCOS Daa and Information Management Plan, Verson 1.0,
April 1995
[ftp://www.wmo.ch/Documents/gcos/dp-verl.txt or /dp-verl.wp5]

Pan for the Globd Climate Observing Sysem (GCOS), Verson 1 .0,
May 1995
[ftp://Iwww.wmo.ch/Documents/gcos/gp-verl  .txt  or /gp-verl .wp5]

GCOS Pan for Space-based Obsarvations, Verson 1.0, June 1995
[ftp:/www.wmo.ch/Doccuments/gcos/sp-verl .wp3]
(wp verson only)

GCOS Guide to Sadlite Instruments for Climate, June 1995
(will not be on FTP Server)

Report of the GCOS Atmospheric Observation Panel, second sesson
(Tokyo, Japan, March 20-23, 1995)
[ftp://www.wmo. ch/Documents/gcos/aop -2.txt or aop -2.wpS5]



