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1.
INTRODUCTION 

The Coordinated Enhanced Observing Period (CEOP) is an element of World Climate Research Programme (WCRP) that was motivated by the international efforts of the Global Energy and Water Cycle Experiment (GEWEX) to measure, understand and model the water and energy cycles within the climate system.  Professor Toshio Koike, the Lead Scientist for the Coordinated Enhanced Observing Period (CEOP), and Professor Soroosh Sorooshian, Chairman of the World Climate Research Programme (WCRP) Global Energy and Water Cycle Experiment (GEWEX) Science Steering Group (SSG) invited a large multi-disciplinary group of scientists in the field of climate research to attend the first workshop on the scientific accomplishments of CEOP that took place in conjunction with the Fourth International CEOP Implementation Planning meeting (28 February to 4 March 2005).   A separate invitation was sent by Drs Rick Lawford and Osamu Ochiai Chairs of the Integrated Global Observing Strategy Partners (IGOS-P) Integrated Global Water Cycle Observations Theme (IGWCO) to attend the first IGWCO Workshop jointly with the CEOP meeting.  The meetings/workshops took place, during the same time period at the Sanjo Kaikan Facility, Hongo Campus, of the University of Tokyo (UT), Tokyo, Japan.  Prof Toshio Koike hosted both events.


This report endeavors to compile mainly the notes/recommendations/actions for the CEOP events.
1.2
Internet Access to the Meeting Agenda and Presentations
More specifics about CEOP and the Model Workshop and Implementation meeting can be found through the CEOP Internet site: http://www.ceop.net by clicking on “meetings”.  Through the assistance of the CEOP Coordination Office in Tokyo, the agendas, presentations and posters that were given and exhibited at both the workshops and the meeting, as referenced in the body of this report can be accessed directly on the Internet at: http://monsoon.t.u-tokyo.ac.jp/ceop/meeting.html 
.

1.3
Format and Scope of the Meeting Report
The dates for accomplishing actions as presented in this report are goals set at the time of the meeting, but it was understood and accepted by the participants that, in all cases, additional factors may intervene to alter the priority and timing of completion of any one specific item.  An on-going process of coordination and review of work in CEOP and IGWCO, through regular teleconference calls, is continuing.  This process will continually address the most important implementation issues and their timeline for accomplishment.  An attempt has been made to keep the lineage between each of the discussion items in this report and a related topic in the CEOP and IGWCO Implementation Plans respectively.  The CEOP Plan, which was published in May 2001 can be found at: http://www.gewex.com/ceop/ceop_ip.pdf. The IGWCO Report/Plan can be accessed at: http://ioc.unesco.org/igospartners/WATER.htm.
The underlying concept of this report is that for CEOP a set of activities had been endorsed by the CEOP Science Steering Committee (SSC) and the CEOP Advisory and Oversight Committee (AOC) at the Third CEOP International Implementation Planning Meeting held at the University of California, Irvine Campus (UCI), at Irvine California, USA from 8-12 March 2004.  These actions became a follow-up CEOP action plan for the intervening year that led up to the current meetings.  The action plan was implemented by the CEOP Secretariat Office and the International Coordination function. The coordination activity has been assisting the CEOP SSC and the CEOP Working Groups and other implementing individuals and groups, to set priorities for the completion of relevant milestones and has carried on a series of international conference calls as a regular (approximately each six weeks) review procedure for ensuring that the work is undertaken in an integrated manner.  A separate series of conference calls that deals specifically with the CEOP Model Output issues has also been instituted.  Those calls stimulated the need for the CEOP Phase 1 Science Workshop.  The items in this report are presented for review and comment. 
Subsequently, to move forward with the next Phase of CEOP as outlined by the SSC/AOC members and accepted and endorsed by the GEWEX SSG and WCRP Joint Scientific Committee (JSC) at their respective meetings in 2004, a CEOP Implementation Planning Task Team was formed and a series of teleconferences were conducted to ensure a CEOP Phase 2 Implementation Plan was properly developed and readied for final review by the broader scientific community.  The most updated version of the Phase 2 Implementation Plan that was submitted to the GEWEX SSG in August 2005. The document is available at: http://monsoon.t.u-tokyo.ac.jp/ceop/document/phaseII_plan/.
The outcome of all of these efforts has been an orderly advancement of the main goals of CEOP. Through this mechanism the SSC/AOC Chairs and the CEOP Lead Scientist have been able to adjust the implementation priorities as required while maintaining oversight of the overall status of CEOP progress.  The CEOP Coordination unit has been responsive to the SSC, AOC and the CEOP Working Group Co-Chairs in their efforts to meet their responsibilities.
Several of the actions and recommendations agreed to at the meeting have, therefore, been undertaken in an order and manner that was modified through the on-going CEOP implementation and review process just outlined.  Where it was consistent with the content of the report, updates of actions have been added for completeness based on subsequent effort, meetings, workshops, discussions and other related events.  
This report, therefore, gives a summary and overview of most of the activities on-going in CEOP up to the current time.  It may still be necessary, however, to request minutes of the regular CEOP conference calls, Model Output issue calls or the CEOP IPTT calls to know the specific stage of completion of any specific action or recommendation noted in this report.  These are available on the Internet at the CEOP home page: http://www.ceop.net or in the case of the Model Output issues reports, at the CEOP Data Management web page: http://www.joss.ucar.edu/ghp/ceopdm/.  They can also be obtained directly from Ms Akiko Goda goda@hydra.t.u-tokyo.ac.jp at the CEOP Secretariat at the University of Tokyo.

Please contact S. Benedict: sam.benedict@gerwex.org with any comments or questions about the material contained in this report.

1.4
Plans for the Formal CEOP International Implementation Planning Meeting

It was agreed that the next (Fifth) CEOP International Implementation Planning meeting would take place from 26 February to 1 March 2006 at UNESCO Headquarters, in Paris, France.  The WCRP Coordinated Observation and Prediction of the Earth System (COPES) strategy Support Unit, in Paris will host the meeting.  It is planned to hold the meeting in conjunction with the second IGWCO Workshop. 
2.
OPENING OF THE MEETING AND CEOP OVERVIEW

A number of points were discussed that put CEOP in context within the WCRP and the international climate/water-cycle research community at large.

2.1
CEOP Science and Implementation Strategy Overview

Professor Koike briefly summarized the CEOP implementation strategy for the participants. CEOP was proposed in 1997 as an initial step for establishing an integrated observation system for the global water cycle. Its guiding goal is:
"To understand and model the influence of continental hydroclimate processes on the predictability of global atmospheric circulation and changes in water resources, with a particular focus on the heat source and sink regions that drive and modify the climate system and anomalies."


The strategy has been to focus on a key achievement related to the establishment of an integrated observation system formed by combining deferent types of observations, in-situ and satellite. In addition, a special effort was undertaken to have the numerical weather prediction model outputs merged with the observed data to provide spatially and temporally continuous coverage in a complementary way. The coordinated enhanced observation and model output generation processes were established during the first Enhanced Observing Period (EOP-1) [July-September 2001], and have been carried through in the EOP-3[October 2002-September 2003] and the EOP-4 [October 2003-December 2004] time periods.  


CEOP, therefore, has been sited as a unique opportunity to improve the scientific foundation needed to achieve overall water cycle documentation and prediction goals, based on coordination among the WCRP/GEWEX Continental Scale Experiments (CSEs), the Committee on Earth Observation Satellites (CEOS) members, including space agencies, and the numerical weather prediction (NWP) centers affiliated with the World Meteorological Organization (WMO).


Since the last reporting period CEOP has formally constituted two sets of unique functional components:
· components to integrate observations based on coordination among field science groups, space agencies, and numerical weather prediction centers in the local, regional and global scales; and 
· components required to exchange and disseminate observational data and information including data management that encompasses functions such as Quality Assessment/Quality Control, access to data, and archiving of data, data integration and visualization, and information fusion.


The endorsement of a CEOP Phase 2 by the CEOP Advisory and Oversight and Science Steering Committees (AOC, SSC); the GEWEX Scientific Steering Group (SSG); and the Joint Scientific Committee (JSC) for WCRP in 2004 was based on verification that the first phase of CEOP had succeeded.  These groups had all earlier endorsed the plans for the CEOP datasets and agreed that the CEOP EOP-1 dataset had been an important accomplishment and represented a very useful tool for further improvements in prediction of variations in water and energy cycle characteristics in climate.  


The further review and acceptance of the success in the EOP-3, -4 dataset implementation process and the build-up of CEOP model data output and analyses and the ability of CEOP to engage agencies to provide satellite data for use with the new data integration tools being developed in the CEOP framework underscored the recognition by the SSC/AOC, SSG and JSC, of the achievements so far in CEOP.  


The fourth in a series of annual CEOP International Implementation Planning meetings took place from 28 February to 4 March 2005 at the University of Tokyo.  A summary report of the meeting including the main action items was presented including the outline for the CEOP Phase 2 Implementation/Science Plan.  Although the JSC wished to maintain oversight by reviewing the actual Phase 2 Implementation/Science Plan Document, the basic framework of the CEOP Phase 2 plan, which extends the existing data and observation processes and adds greater emphasis on the research and analysis components of CEOP, providing for CEOP to meet its commitments to CEOS/IGOS-P Water Theme, WCRP/COPES and GEOSS, was endorsed.  This next Phase of CEOP will, therefore, proceed in two stages (2005-2007; 2007-2010) that run in series from 1 January 2005 to 31 December 2010. CEOP will, therefore, continue to move forward with its original timeline while accommodating the new initiatives that it has undertaken in support of the core projects in WCRP and in the broader international water and energy cycle climate research community.
 2.2
Overall CEOP Organization/Coordination

To carry the CEOP science and Implementation strategy forward, the existing projects and sub-activities in CEOP have been grouped under five main scientific and technical thrusts namely Water and Energy Simulation and Prediction, Monsoon Systems, Satellite Data Integration and Data Management and Model Output Development.  A Science Steering Committee (SSC) has been established to guide the work of the five main working groups and a CEOP Advisory and Oversight Committee (AOC) has been organized to provide additional oversight and connections to the main supporting agencies.  A CEOP Coordination unit has been established, which consists of an International CEOP Coordination Office funded by Japanese Government Agencies and an International Coordinator Function partially supported by USA and Japanese sources.  This structure is depicted in Figure 1. 
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Figure 1: CEOP Organization Structure
2.3
CEOP Connections within WCRP
Although the meeting was completed before the 2005 session of the Joint Scientific Committee (JSC) for the WCRP, the plans and outcomes coming from the CEOP workshop and meeting were subsequently presented at the JSC meeting through the GEWEX representatives there and a statement and actions for CEOP were summarized.  The JSC noted with appreciation the completion of CEOP’s main observation period and the on-going research and data collection activity. Professor Toshio Koike’s role as CEOP Lead Scientist was highly acknowledged. The JSC has taken steps to ensure continued development of the unique attributes of CEOP by inviting Professor Koike to report to the WCRP Observations and Assimilation Panel (WOAP) on the progress of the CEOP observation and data component.  In a similar manner, the JSC plans to ensure that the CEOP science focus remains closely integrated with and complementary to the overall objectives of GEWEX and the other core projects of WCRP.  For this reason, the JSC has asked that GEWEX maintain oversight of the research component of CEOP.  For its part, CEOP will provide a “next” draft of the Phase 2 Implementation/Science Plan that includes criteria for measuring progress and a statement of resource requirements, to be considered at JSC-XXVII, March 2006.  The JSC will continue to work with CEOP in this way to provide the means for it to continue to evolve as a fully functioning integrative component of the WCRP.

Drs J. Roads Chair of the GEWEX Hydrometeorology Panel (GHP) noted again that CEOP is heavily entrained into the activities that have been undertaken by the GHP.  CEOP has taken advantage of the GEWEX Continental‑Scale Experiments (CSEs) and is assisting GEWEX to demonstrate skill in predicting variability in water resources and soil moisture on time scales up to seasonal and annual as an element of WCRP's prediction goals for the climate system.  Implementation of CEOP was also prompted by the continued evolution of the current suite of operational meteorological satellites and the timing of a new generation of Earth observing satellites, as promoted by the Committee on Earth Observation Satellites (CEOS). By exploiting these new tools and the progress being made by the individual GEWEX CSE’s, in cooperation with their National Numerical Weather Prediction (NWP) Centers, CEOP is proving that a great deal of scientific benefit can be derived from a more coordinated observation period.

This work shows that CEOP has increased its interaction with elements of WCRP and other international organizations and efforts that are focused on the measurement, understanding and modeling of water and energy cycles within the climate system.  CEOP is, thereby, being responsive to the challenges and priorities that relate to understanding the variations in the earth’s water and energy budgets and the cycling rate of the hydrological cycle as posed by the International Panel on Climate Change (IPCC).  
2.4
The CEOP Role in IGWCO
Dr Rick Lawford noted that by being selected as ‘the first element of the Integrated Global Water Cycle Observations (IGWCO)’ theme within the framework of the International Global Observing Strategy Partnership (IGOS-P), CEOP has been recognized as an important scientific effort by the broad association of international organizations which make up the Committee on Earth Observation Satellites (CEOS).  The implications of this commitment were identified by the CEOP Science Steering Committee (SSC) to conclude that CEOP must continue to take action to move toward a viable research-operations partnership with IGWCO. The main action (A1) is to provide IGWCO access to the CEOP experience in development and use of its current research-operations paradigm and in development of its coordinated datasets.
2.5
CEOP links to the ad hoc Group on Earth Observations (GEO)

CEOP is playing an important role in the Global Earth Observation System of Systems (GEOSS).  This was highlighted by the fact that the GEOSS 10 Year Implementation Plan  Reference Document states that: A prototype data integration system is being demonstrated by the CEOP (Coordinated Enhanced Observing Period). An overall plan for in-situ and satellite water cycle observational systems is needed so that data can be readily exchanged, standards can be set, and data quality can be monitored.

In this context, CEOP has accepted responsibility (action A2) to remain cognizant of and as directly involved as possible in the progress of the development of GEOSS.  The CEOP Lead Scientist has agreed to keep CEOP informed of this process and to keep CEOP poised to be responsive to the implications of the citations in the GEOSS 10 Year Implementation Plan Reference document that refer to CEOP as a prototype data integration system.

2.6
CEOP links to Agencies


CEOP is appealing to funding groups by promoting its unifying and integrating framework supported by the Scientific Community, Space Agencies and Modeling Centers that is designed to leverage off of existing and future initiatives underway or planned within current climate research criterion.  In this context, CEOP has been timed to take account of the fact that data have begun to arrive from the first of the new series of earth system satellites, while also considering other platforms and instruments that are now being planned.  This group of satellites/instruments being considered in CEOP planning, therefore, includes several, which have already been launched and others, which are planned.  The operational satellites were also highlighted as being of critical importance to on-going and planned GEWEX/CEOP initiatives.


Representatives from Agencies were at the meeting and reported on their current and future plans for earth observations and related initiatives.  The action (A3) accepted by the CEOP lead scientist on behalf of the entire CEOP community was to consider the material presented and to take steps necessary to ensure that the CEOP implementation process and the  commitments made by these agencies to the CEOP infrastructure are consistent with the plans that were presented.
2.6.1
CEOS/IGOS-P

The CEOS presentation (Y. Furuhama) reiterated that CEOP is the first element of Integrated Global Water Cycle Observation (IGWCO) in the IGOS-P themes, underscoring the need for CEOP and IGWCO to meet and work together in order to achieve the goals set out by the CEOS Strategic Implementation Team (SIT) for the CEOS Themes.  The following diagram was presented in order to identify the connections between CEOS, SIT, CEOP and IGWCO.
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Figure 2: CEOS, CEOS SIT, CEOP and IGWCO interconnections


The IGOS-P presentation (C. Ishida) was required to clarify the connection between the IGOS-P themes and the plans for the GEOSS.  Since CEOP is closely tied to the IGOS-P water theme and that theme with the other IGOS-P themes is closely connected to the implementation of GEOSS then, both require that CEOP be successfully implemented.  The figure below shows the connections between the IGOS-P themes and the societal benefit areas highlighted in GEOSS as can be seen IGWCO and, thereby, CEOP will impinge on the Water, Agriculture, Weather and Climate Areas.
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Figure 3: Links between IGOS-P Themes and GEOSS Societal Benefit Areas

2.6.2
ESA

The ESA Living Planet Programme (E-A. Herland) was created in consultation with a number of European groups including Europe’s scientists, Industry, European Commission, EUMETSAT and many others.  Earth Explorer, Earth Watch and Technology/Exploitation were identified as the main components of the ESA Living Planet Programme.  It was noted that 

In summarizing the EarthCARE component of the program, which is most relevant to CEOP goals and objectives, the specific scientific objectives of quantifying aerosol-cloud-radiation interactions are being highlighted by ESA so they may be included correctly in climate and numerical weather forecasting models to provide:
· Vertical profiles of natural and anthropogenic aerosols on a global scale, their radiative properties and interaction with clouds.

· Vertical distribution of atmospheric liquid water and ice on a global scale, their transport by clouds and radiative impact.

· Cloud overlap in the vertical, cloud-precipitation interactions and the characteristics of vertical motion within clouds.

· The profiles of atmospheric radiative heating and cooling through a combination of retrieved aerosol and cloud properties. 
2.6.3
NASA


The NASA presentation (J. Entin), was given on behalf of Dr J. Kaye, Director of the Research Division at the USA National Aeronautics and Space Administration (NASA), and Co-Chair of the CEOP Advisory and Oversight Committee (AOC) who was unable to attend the meeting.  An important characteristic of CEOP was noted to be its ability to develop new approaches to problems related to data handling and specialized climate research issues. 


Continued support by NASA and participation by NASA scientists and engineers in CEOP has been motivated by our desire to promote a broad set of efforts focusing on the measurement, understanding and modeling of water and energy cycles within the climate system.


Upgrading of the Global Land Data Assimilation System (GLDAS) initiative is continuing as a NASA contribution to CEOP.  A proposal to a new NASA call identified as the NASA Energy and Water cycle Study (NEWS) is being undertaken that includes CEOP reprocessing and EOS surface temperature data assimilation.  CEOP was heavily included as a major validation benchmark in this work and it clearly states that the work will provide data to CEOP. The aim for this project is for it to be the means whereby NASA data assimilation is brought into CEOP as well as for it to provide a strong scientific project for both CEOP and Water and Energy Balance Studies (WEBS) in the Water and Energy Simulation and Prediction (WESP) component of CEOP.  The links between CEOP related initiatives and the NASA NEWS call can be identified in the preliminary NEWS “road map” that was presented at the meeting (See Figure 4, below).
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 Figure 4: NASA “NEWS” Draft Road Map

The CEOP Inter-Monsoon Model Study (CIMS) model physics studies taking place at the Laboratory for Atmospheres at the Goddard Spaceflight Center (GSFC) of NASA was also noted as being central to the continued development of CEOP.  The work at the newly formed Global Modeling and Assimilation Office (GMAO) formerly the Data Assimilation Office (DAO) was also emphasized as an important component of CEOP research that needed to be continued.     


NASA has also agreed to provide sub-setted satellite system data to CEOP from other Earth Observations Satellite (EOS) instruments that include AIRS full resolution and MODIS data as outlined with respect to the connections and authority established for this commitment by way of CEOS.  There is agreement to ensure that proper connections are made at the Jet Propulsion Laboratory and GSFC to enhance the prospects of CEOP receiving the satellite data. Dr Entin provided the group with an updated summary chart of the work and plans related to NASA’s interest in Global Water Cycle research pointing out that several areas overlap work being done or planned in CEOP.  The summary is provided in Figure 5 below:
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Figure 5 – NASA Global Water and Energy Cycle priority issues (as of March 2005)

2.6.4
JAXA


The JAXA Earth Observation Research Center (EORC) report to the meeting was presented by Dr Tasuku Tanaka.  Dr Tanaka reported to the group about the priorities of the JAXA Earth Observations Satellite program.  In that framework there are four main tracks along which the various satellite projects are evolving these are related to (i) operational land observations and continuous observations for (ii) global climate change, (iii) green house gases and (iv) water cycle.  Figure 6 shows the “road map”, which summarizes this approach.  To put the JAXA EO initiatives in perspective in the total framework of the JAXA space technology and experimental effort, Dr Tanaka also presented the future program in its broader context.  The overview of the scope of this initiative is provided in Figure 7, below.
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Figure 6: JAXA EO Plan “Road Map”
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Figure 7: JAXA Future Program Chart

Support to the efforts at the University Of Tokyo (UT), at JAXA and at JMA related to data integration, Land Data Assimilation and Data mining, which will be applied to CEOP technical development is being supported by Japanese Government funding Agencies.  JMA and UT are using this support to begin development of an improved LDAS capability.  The existing 500 Terra Byte data handling system at the Institute of Industrial Science will also be expanded for handling of CEOP sub-setted satellite data and integration processes. Table 1 shows the commitment by JAXA of satellite data/products through JAXA, JMA and UT as updated from the 2004 meeting.
Table 1- CEOP Data Integration Commitments by JAXA, JMA and UT

[image: image8]

The CEOP SSC and AOC members at the meeting commended JAXA, JMA and UT for their support to CEOP and agreed that it was important for the CEOP Coordination function to maintain close connection with these agencies to provide them with continued support through the CEOP international infrastructure to ensure further advancement in a consistent manner of all the activities undertaken by these agencies and groups.

The CEOP Science Steering Committee (SSC), Chaired by Dr Grassl considered the issue of further follow-up with regard to CEOP requirements for satellite data and specific actions were noted for completion on this matter in due course (See Item 3., below).
3.
CEOP JOINT ADVISORY AND OVERSIGHT COMMITTEE (AOC) and SCIENCE 
STEERING COMMITTEE (SSC) DISCUSSIONS, ACTIONS and RECOMMENDATIONS
Dr H. Grassl, SSC Chairman, and Drs Jared Entin and Naoto Matsuura acting as AOC Co-Chairs on behalf of Drs Jack Kaye and Professor Akimasa Sumi respectively, convened a joint working session of the CEOP SSC and AOC.  Besides Drs Entin (NASA), Matsuura, (JAXA), and Grassl (MPI, EU and BALTEX), the session included members of the SSC and AOC including Drs Koike (CEOP, UT), Herland (ESA), Mechoso (CLIVAR) and the CEOP International Coordinator.  The participants addressed several important issues including:
(a) endorsement of a concept for finalizing the CEOP Phase II Implementation Plan; 
(b) ideas for maximizing the science and technology benefits from CEOP; 
(c) specific thoughts related to the framework for oversight of CEOP science 
implementation plans/results during Phase II;  
(d) specific recommendations for efficient organization and management of CEOP to 
achieve its main science objectives; 
(e) discussion of CEOP Phase II implementation plans and schedules in the context of 
the priorities being set by the broader International Climate Research Community; 
(f) recommendations for changes in scope as required in CEOP Phase II plans; 
(g) identification of the unique contributions CEOP can make to all elements of the 
International framework for Climate System Research.
3.1
SSC and AOC Working Arrangements

The SSC has as a main role in CEOP to hold periodic reviews of CEOP science that will take the form of teleconferences, brief meetings and broader CEOP Science Workshops.  In order to fulfil this role the SSC decided at the time of the last meeting to establish a process whereby it addresses CEOP science issues as they arise through formal conference calls, which are planned in advance and include specific topics for discussion and resolution.  In addition, each year, the SSC participates in a plenary session in coordination with the annual CEOP Implementation Planning Meetings where it reviews the CEOP science activities through presentations that relate to the establishment of priorities, setting of milestones and integration of the work of the CEOP Working Group Chairs. The SSC also works with the CEOP Advisory and Oversight Committee (AOC) to raise the awareness of funding agencies in support of relevant CEOP science.

The AOC through its regular oversight of CEOP and distribution of the conclusions of its deliberations has, in turn, advised and assisted WCRP in efforts to provide CEOP with the support it needs to meet its main objectives. In contrast to the CEOP Scientific Steering Committee (SSC), which focuses on the CEOP science strategy, the AOC’s focus has been on ensuring that the CEOP implementation process takes into account the priorities of the widest possible array of International agencies involved in the study of the water cycle.  The AOC, which is comprised of delegates of Agencies and Organizations committed to helping CEOP succeed, has instigated and maintained a process for underwriting of the CEOP infrastructure that has ensured its stability and relevance to national and international water cycle research perspectives.  The AOC has been contacted as required and has met yearly to discuss and recommend the establishment of priorities, setting of milestones and integration of the work in ways that are synergistic with the projects and plans being supported by national and international funding agencies for the purpose of improving understanding of the role of the water and energy cycle in climate research.  


The AOC and the SSC have been working in concert with each other and with the CEOP Lead Scientist and the CEOP International Coordinator who are “ad hoc” members of both Committees.
3.2
CEOP Phase 1 framework for extension of CEOP science goals 


The general consensus of Drs Grassl, Matsuura, Entin, Herland, and Mechoso at the March 2005 joint meeting of the SSC and AOC, as expressed to the CEOP Lead Scientist was that the infrastructure that had evolved in CEOP over its initial observation period has generated a number of results that have had made a very positive contribution to the overall context of water and energy cycle research in climate studies.  These unique capabilities differentiate CEOP from other elements of WCRP and related national and international efforts. The structure of CEOP must be encouraged to continue to evolve and be maintained as a way of adding value to a wide spectrum of water and energy cycle research without being redundant to other existing efforts in this arena.  

At a time when CEOP has just finished its observation and data phase and has begun to focus more heavily on its research phase, the advisors noted that CEOP should also use its unique framework to provide the basis for integrating science topics that are similar to and complement efforts that it already has underway.  These were highlighted as a set of actions (A4a-e) presented at the meeting including to: 

· Apply results coming from the Water and Energy Cycle Simulation and Prediction (WESP) component of CEOP to an extension of down-scaling and transferability Studies and, thereby, to make a significant contribution to the Integrated Water Resources Management (IWRM) process which is designed to assist countries in their endeavor to deal with water issues in a cost-effective and sustainable way.
· Expand reference site data collection and handling to include detailed measurements and analysis of watershed hydrology.
· Undertake and conclude a Cold Region Study in Cooperation with the WCRP Climate and Cryoshpere (CliC) Project and the International Polar Year (IPY) initiative.
· Undertake and advance scientific goals related to understanding and defining Extreme Event Mechanisms

· Undertake and advance knowledge of the interactions between Aerosols and the Water Cycle.


The AOC/SSC noted that the key element of the CEOP implementation strategy includes exploitation of in-situ, satellite and model data, which focuses on data collection, visualization, integration and analysis.  In particular CEOP has been establishing an implementation framework that includes:

- 
Life-cycle data management for large volumes of data using state-of-the-art storage 
technology

- 
Utilization of advanced database technology that enables multi-layered visualization of 
various 
types of data;

- 
New value-added products resulting from the blending of information in diverse and large 
volumetric observation data sets;

-
Implementation of international information sharing capabilities through an Internet-based 
service.
3.3
CEOP unique contributions to water cycle research


The SSC/AOC highlighted three unique capabilities evolving within the current CEOP framework that must be sustained and broadened to ensure that the goals being set for Phase II can be met including the over arching long term issues (actions 5a-c):

· A prototype of the global water cycle observation system of systems based on the 
reference site network, the experimental and operational satellite systems, and the 
numerical weather prediction model outputs.
-
A well organized data archive system established in cooperation with the World Data 
Center for Climate at Max Planck Institute for Meteorology (MPIM), Hamburg, Germany; 
the University Cooperation for Atmospheric Research (UCAR), Boulder Colorado, USA; 
and by the University of Tokyo and the Japan Aerospace Exploration Agency (JAXA), 
Tokyo, Japan.
-
A cooperative framework for providing distributed- and centralized- data integration 
functions for use by the Committee on Earth Observation Satellite (CEOS) members and 
partners, WCRP core projects and initiatives and the broader information science and 
technology communities. International information sharing and dissemination has been 
established that are compliant with existing standards and capabilities, such as ISO, and 
other appropriate technologies, including, but not limited to, Internet-based services. 

To maximize the use of the recent, largely increased, volume of global water cycle observation data, each of these capabilities have been developed for the purpose of handling diverse formats and large-volumes of observational data (in-situ and satellite) and model outputs from inhomogeneous information sources and to make them available through both centralized and distributed data archives and integration systems. 
3.4
SSC/AOC review of CEOP links to GEWEX and other WCRP core projects

The SSC/AOC was interested in several interfaces and interactions between CEOP and WCRP.  It was the collective view of the joint meeting participants that the connections of CEOP to all elements of WCRP are critical to the success of CEOP.  It is especially important that CEOP maintain its close relationship to GEWEX (particularly GEWEX Phase II) but to also take advantage of activities planned in CLIVAR and CliC and that the outcome of this process lead CEOP itself to becoming a wholly integrated element of WCRP.  CEOP, therefore, recognizes that it is dependent on links within WCRP to accomplish its main observational and science driven goals.  In specific, CEOP is heavily entrained into the activities that have been undertaken by the GEWEX Hydrometeorology Panel (GHP).  In a synergistic manner, CEOP wishes to assist GEWEX to improve prediction of variability in water resources and soil moisture on time scales up to seasonal and annual as an element of WCRP's prediction goals for the climate system.  Close connections between CEOP and GEWEX are especially important to ensure that the requirements of GEWEX are taken fully into account in the CEOP implementation strategy.

Clear progress has also been made in the connection between CEOP the Climate Variability and Predictability (CLIVAR) initiative, the Climate and Cryosphere (CliC) Project, and the associated International Polar Year (IPY) initiative in conjunction with GEWEX and the other WCRP core projects as well as the climate research community at large.  Evidence that this interaction was well underway within CEOP has been provided through the definition of the specific plans CEOP has to assist with the development of a WCRP Pan-monsoon study that will be defined at a workshop on that topic in June 2005, and related research into the global atmospheric circulation and changes in water resources.  That CEOP will serve numerical modeling and analyses needs has also been exhibited through the series of international conference calls with these centers that have taken place at regular intervals since the kick off of CEOP Implementation in March 2002. 
3.5
AOC/SSC Endorsement of CEOP focus on diurnal cycle as a unifying/crosscutting 
science issue in joint efforts with other initiatives

In compliance with the actions levied by the AOC/SSC, CEOP has achieved a high level of synergy with GEWEX.  However, more direct involvement between the Global Land-Atmosphere System Study (GLASS), under the auspices of the GEWEX Modeling and Prediction Panel (GMPP) and CEOP, is being sought.  Further discussions have, therefore, taken place related to two areas of interest that overlap between CEOP and GMPP/GLASS.  First, GLASS will use the CEOP time period and datasets to further advance its efforts under the Global Land Atmosphere Coupling Experiment (GLACÉ) where the intensity of surface/atmosphere coupling in coupled models will be compared.  In a related manner, this work is also connected to the second phase of the Global Soil Wetness Project (GSWP-2) in which land-surface models will be evaluated globally in an “off-line” mode without any coupling.  This work is being pursued by GLASS.   The GMPP strategy is also converging with CEOP in relation to the focus that CEOP and GMPP have determined to place on the diurnal cycle.  In this context, the focus will shift to the interactions between the land-surface, the PBL and clouds leading to a specific “diurnal cycle theme”, which CEOP has also agreed to emphasize in its research phase.  CEOP and GEWEX/GMPP have agreed to attempt to pursue mutually beneficial interactions around this theme.


With the approval of the AOC/SSC CEOP has taken action (A6) to make the diurnal cycle a unifying scientific theme in CEOP Phase 2. The CEOP monsoon studies implementation process particularly delineates the underlying principals of this focus.  These include: diurnal cycles of atmosphere, land surfaces and oceanic processes are fundamental components of the global climate system; diurnal cycles of clouds and precipitation affects the partitioning of precipitation between convective and stratiform, and between the land and ocean; an accurate representation of the amplitude and phase of the diurnal cycle provides a key test of many aspects of the physical parameterizations in an atmospheric model and that current AGCMs have major deficiencies in simulating the diurnal cycle of clouds and precipitation.
3.6
SSC/AOC endorsement of CEOP as an initial example of an element of the WCRP 
Coordinated Observation and Prediction of the Earth System (COPES) strategy 

Beyond its current complement of core projects, the WCRP has established the Coordinated Observation and Prediction of the Earth System (COPES) strategy as a unifying and integrating experiment designed to capitalize on successes in the development of specialized observing networks that have been established around the globe for measuring and monitoring climate related parameters, that include ocean and land based instrumentation.

With the endorsement of the AOC/SSC CEOP has been positioned as an example of coordinated global observational activity in support of the WCRP COPES.  The CEOP Lead Scientist has the action (A7) to ensure that CEOP will contribute to COPES by applying the techniques it has developed as a successful activity that has stimulated and leveraged the development and integration of coordinated observing networks that exist for collection of climate related parameters, that include instruments on satellites and at land based reference sites and, which can be coordinated with model output.
3.7
CEOP as a part of IGWCO and GEOSS

The AOC/SSC had earlier endorsed CEOP as ‘the first element of the Integrated Global Water Cycle Observations (IGWCO)’ theme within the framework of the International Global Observing Strategy Partnership (IGOS-P).  CEOP in turn followed through on several actions (A8a-c) during 2004 including: (i) identifying representatives from within its organization/community to serve as a subcommittee to the IGWCO science committee, (ii)  arranging for a written report to be prepared on its activities that can be presented at a future IGOS meetings and (iii) development of a plan that defines CEOP activities beyond the completion of its initial observational phase at the end of 2004 and which can then be integrated with the IGWCO implementation plan.  These actions were advanced and further coordination of issues between CEOP and IGWCO were addressed during the joint CEOP/IGWCO Implementation Planning Meeting as described in this report.

3.8
CEOP as part of GEOSS


Koike introduced the GEOSS status to the AOC/SSC meeting and reiterated that there were several relevant targets that CEOP can contribute to that are cited in the GEOSS Implementation plan.  These were enumerated as:
· Development of a plan for a network of sophistically integrated in situ observation sites, to support process studies and algorithm and model development. (Rec# 34)

· Work with nations, WMO and UNESCO to promote international data sharing and exchange agreements and monitor and routinely report compliance with the policy.# 35)

· Development of an implementation plan for a broad global water cycle data integration system that combines in situ and satellite and numerical model outputs and disseminates usable information for decision-making. (Rec# 36)

· Work with space agencies and research communities to facilitate more accurate, frequent (3-hourly), global, high spatial resolution, and microphysically detailed measurements of precipitation through a global constellation of satellites carrying passive microwave radiometers in complementary orbits.

· Advocate that IGOS-P, its partner research programs and observation and prediction organizations should take the lead in development of an integrated precipitation and soil moisture products and new products including indicators.(Rec# 160)


The AOC/SSC agreed that CEOP had a role to play as a contributor to GEOSS and encouraged the CEOP Lead Scientist to (action A9) continue to pursue these links and advance the work that will allow CEOP to improve on tools, which will uniquely add value to the GEOSS.

3.9
Review of Phase I Results as a baseline for Phase 2 Plans and Schedule


A main part of the deliberations by the AOC/SSC was the review of the accomplishments reached in Phase I of CEOP.  Explicit in the endorsement of a CEOP Phase 2 by the CEOP AOC/SSC; the GEWEX Scientific Steering Group (SSG); and the Joint Scientific Committee (JSC) for WCRP in 2004 was that the first phase of CEOP could already be considered a success.  These groups had all earlier endorsed the plans for the CEOP datasets and agreed that the CEOP EOP-1 dataset had been an important accomplishment and represented a very useful tool for further improvements in prediction of variations in water and energy cycle characteristics in climate.  

The further review and acceptance of the success in the start of the EOP-3 dataset implementation process and the build-up of CEOP model data output and analyses and the ability of CEOP to engage agencies to provide satellite data for use with the new data integration tools being developed in the CEOP framework underscored the recognition of the achievements so far in CEOP, by the SSC/AOC, SSG and JSC.  These accomplishments are summarized in Figure 8, below.
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Figure 8: CEOP progress summary matrix
4.0
OUTCOME OF CEOP PHASE 1 SCIENCE ACCOMPLISHMENTS WORKSHOP

The special workshop on the science accomplishments of CEOP Phase 1 was held from 1-2 March 2005, as part of the over all joint meeting.  The plan was to provide a forum for as many technical papers as possible to be provided orally that focused on issues and results relevant to and inspired by CEOP strategies and products.  Those talks that could not be accommodated in the oral sessions were given space to present their findings on posters that were exhibited during the meeting.  The outcome of this workshop was a large number of papers and posters that reflected a high-level of interest and scientific expertise being associated with CEOP data and research thrusts.  As mentioned all of the presentations including the posters can be viewed at the meeting webpage: http://monsoon.t.u-tokyo.ac.jp/ceop/meeting.html .  For illustrative purposes Figure 9 provides a selected listing of the papers that were presented in each section of the workshop.    
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Figure 9: Titles of Selected Papers presented at the CEOP Phase 1 Science Workshop 3/05


An important outcome of the workshop was the highlighting of the areas that have the greatest interest and potential for leading CEOP toward achievement of its Phase 1 goals but more importantly toward what scientific topics should be extended from Phase 1 into Phase 2 and what new foci are most synergistic with Phase 2 goals and objectives.  As a result the CEOP AOC/SSC specifically identified a set of such items during their deliberations.  These topics are specified in the sections below.  
5.0
EXTENSION OF PHASE 1 WORK AND CEOP PHASE 2 PLANS 

Implicit in the acknowledgment that CEOP has successfully achieved the implementation of the observation and data period of Phase 1, was the anticipated approval by the WCRP JSC of the CEOP AOC/SSC recommendation for CEOP to continue to move forward with its original timeline while accommodating the new initiatives that CEOP has been selected to support inside WCRP and within the broader international water and energy cycle climate research community in planning for the next phase of CEOP.  This recommendation, however, made it mandatory that CEOP proceed with a phased approach to further implementation.  With the CEOP AOC/SSC and the GEWEX SSG, endorsement of the expansion of the work established under the first phase of CEOP and the recommendations of the JSC in 2004, a CEOP Phase 2 plan has been established that extends the existing data and observation processes and adds greater emphasis on the research and analysis components of CEOP, providing for CEOP to meet its commitments to CEOS/IGOS-P Water Theme, WCRP/COPES and GEOSS.  This next Phase of CEOP will proceed in two stages that run from 1 January 2005 to 31 December 2010.  The outline below approved by the AOC/SSC puts this concept in perspective with the overall design of CEOP.

CEOP PHASED IMPLEMENTATION APPROACH TIMELINE
CEOP Phase 1: Emphasis on Observation and Data Development:

Resulting in Establishment of-

· Data and Products Collection Framework: Coordination among Reference Sites, NWP Centers and Space Agencies

· Data Processing Framework: International Cooperation for Data Archiving and Data Integration Services

· Scientific Framework: Focusing on Commonality and Particularity of the Climate System and Quantitative Analysis 

CEOP Phase 2: Emphasis on Research and System Expansion to meet commitments to CEOS/IGOS-P Water Theme, WCRP/COPES and to the Global Energy and Water Cycle Observation System of Systems (GEOSS)

Part-1 (2005-2006)

· Apply CEOP Phase I datasets to accomplish the CEOP Phase I Research and Analysis Goals associated with WESP and the CEOP Inter-Monsoon Model Study (CIMS) that were articulated in the CEOP Phase I Implementation Plan;

· Build the framework for a Water Cycle Observation and Data System based on the results of CEOP Phase I that can meet the needs of the IGOS-P Water Theme, COPES and targets set in the GEOSS Water Cycle Observation and Data System component of the GEOSS 10-Year Implementation Plan.

Part-2 (2007-2010)

· Implementation of the CEOP-II Integrated Observation and Data System for the Global Energy and Water Cycle as planned in Part-I above; 

· Submit CIMS Results as a Contribution to WCRP Pan Monsoon Study;

· Apply WESP results to an Extension of Down-scaling and transferability Studies and, thereby, as a contribution to the Integrated Water Resources Management (IWRM) process which is designed to  assist countries in their endeavor to deal with water issues in a cost-effective and sustainable way.

· Undertake and conclude a Cold Region Study in Cooperation with the WCRP Climate and Cryoshpere (CliC) Project and the International Polar Year (IPY) effort

· Undertake and advance scientific goals related to understanding and defining Extreme Event Mechanisms

· Undertake and advance knowledge of the interactions between Aerosols and the Water Cycle.

In order to simplify this plan and graphically show each of the major science foci for CEOP Phase 2 as well as to enable the plan to be visualized in a more organizational context, the figure below was developed by the CEOP Lead Scientist.
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Figure 10: CEOP Phase 2 Science Activities in the context of the current CEOP Organization

5.1
Phase 2 plans for expansion of a CEOP Watershed Hydrology Component 


The AOC/SSC recognized that during the first phase of CEOP there were only a few reference sites that had the ability to observe directly most of components of the surface water budget (precipitation, streamflow, evapotranspiration, and surface and subsurface storage change).  The surface flux information collected at the reference sites is extremely useful for a variety of purposes related to CEOP objectives, but it cannot, at least alone, fulfill the stated purpose of the reference sites to be: "Well-instrumented locations of small to intermediate scales area (10,000 km^2 or less) distributed around the globe in different climatic regimes [that] will provide the data needed on a mesoscale or smaller scale for research in land area and hydrology processes and model validation."  An effort was begun in Phase I to augment the CEOP tower flux sites with a small set of hydrological reference sites that will have dual roles as (i) validation sites for the land surface parameterizations in coupled land-atmosphere-ocean models, essentially at a point or small area scale; and (ii) "tie points" or ground truth reference sites for remote sensing products.  The effort has identified a number of sites, which can assist CEOP in meeting these goals.  The AOC/SSC endorsed the examination of those sites currently meeting these needs and others that are to be chosen as a key element of the follow-on CEOP 2 data and observation activity.  Drs Wood and Lettenmaier accepted the action (A10), to further develop this concept and document it for inclusion in the CEOP Phase 2 Implementation/Science Plan.
5.2
Phase I extension and Phase 2 plans in the CEOP Water and Energy Simulation and 
Prediction (WESP)

As recommended in the Phase I CEOP Implementation Plan, a Water and Energy Simulation and Prediction (WESP) Working Group has been organized to meet the first CEOP key scientific objective: to use enhanced observations to diagnose, simulate and predict water and energy fluxes and reservoirs over land on diurnal to annual temporal scales as well as apply these predictions for water resource applications.  Through WESP CEOP has begun to contribute to an improved understanding of water and energy fluxes and reservoirs over land areas by providing results, which provide reassurance that the overall budgets of water and energy over these regions can be accounted for.  A key aspect of this overall issue for which CEOP has focused its efforts is the "cycling of moisture". That is, it can address the relative importance of large-scale advection into and out of basin and continental regions as well as internal recycling of moisture associated with local evaporation in affecting regional water budgets. The degree to which the cycling occurs varies enormously with region and has large seasonal and interannual variations. In Phase II, progress on this issue will enabled CEOP to contribute towards, what may be, a larger goal associated with examining some inter-connectivity between land areas including the middle and higher latitudes, and in general towards better understanding some of the means through which land plays a role in the larger climate system.  Drs John Roads and Jose Marengo as Co-Chairs of WESP have the action (A11) to pursue this concept and to ensure it is documented for inclusion in the CEOP Phase 2 Implementation/Science Plan.

5.3
Phase 2 Plans for a Worldwide Integrated Study of Extremes (WISE)

An effort that is underway in Canada has as it main objective: to better understand the physical characteristics of and processes influencing Canadian Prairie droughts, and to contribute to their better prediction, through a focus on the 1999-2004 drought.  The study has been designed to quantify the physical features of this recent drought, improve the understanding of the processes and feedbacks governing the formation, evolution, cessation and structure of the drought and assess and reduce uncertainties in the prediction of drought and its structure.  


Because of the broader interest to compare the similarities and differences of this current event to previous droughts over this region and those in other regions and to apply progress to address critical issues of importance to society, a team of researchers has agreed that it is possible to use this example and others as a means for embarking on a Worldwide Integrated Study of Extremes (WISE) that focuses in a collective manner on extremes during the CEOP period.  The AOC/SSC endorsed this effort as an extension of the work currently under way in CEOP WESP, but subsequently decided that this activity was better suited to become a cross-cutting initiative in CEOP Phase 2.

The main WISE objective would be: to advance our understanding of extremes including their distributions, trends, and inter-connections and to contribute to their better prediction.  The approach would be: to focus on the CEOP period; examine extremes individually over that period; relate these individual events to each other as well as to the overall climate system.  The questions associated with this approach are: What extremes occurred during CEOP over the world? What are the characteristics of these extremes? What factors led to, sustained, and ended these extremes? To what degree were the extremes inter-connected? How typical and/or unusual is the CEOP period and why?  What are the implications for extremes and the climate system?  Dr Ron Stewart accepted an action (A12) to further develop this concept and to ensure it is documented for inclusion in the CEOP Phase 2 Implementation/Science Plan.

5.4
CEOP Validation of Cold Season Parameters with CliC and IPY under WESP in Phase 2

As indicated in Figure 10 above a task area that has been endorsed by the AOC/SSC as part of CEOP Phase 2 and, which may evolve further as part of WESP, is based on discussions by the Chair of the CliC Science Steering Group (SSG), with CEOP to undertake a joint initiative with the WCRP Climate and Cryoshpere CEOP/CliC project and the International Polar Year (IPY) initiative.  It has been agreed that there is a sufficient number of CEOP reference sites in regions where snow occurs to provide the required data to begin and complete this project in Part 2 of Phase 2 of CEOP (2007-2010). It is imperative that snowfall precipitation is measured to have a complete precipitation record for the CEOP study period. From initial data submissions, it is not clear that stations measure snowfall precipitation. During CEOP Phase 1 the development of a template for homogenization of the “snow” data from CEOP high latitude sites was undertaken, in concert with efforts by CliC to obtain and utilize such data in studies that link these sites.  A questionnaire has been developed and placed on the Internet through the CEOP Data Management Working Group.  The questionnaire, when completed by the relevant CEOP reference site spokesperson/managers will provide basic background information for the CEOP Reference Site metadata file and will identify which sites can be used for development, validation and analysis of cold region observations, processes and modeling. Those Site Managers in CEOP that were contacted about this activity have agreed to respond to the questionnaire. Responses will be added to the metadata file.


The purpose of this effort is for CEOP to assist CliC and possibly the International Polar Year (IPY) effort as well with a primary objective: to assess and quantify the impacts of climatic variability and change on components of the cryosphere and their consequences for the climate system, and determine the stability of the global cryosphere; and related secondary objectives.

Subsequently a pre-proposal was made to the IPY and accepted and an action (A13) accepted by the CEOP Lead Scientist to form a small drafting team, with participants from CEOP and CliC, including Drs Goodison and Ohata, to make a final proposal to IPY on behalf of CEOP and CliC by the deadline for submission that has been set at 31 January 2006.

5.5
CEOP Semi-arid Regions Study under WESP in Phase 2


It was determined at the meeting that contributions to understanding the water and energy cycle of semi-arid regions and their roles in the climate system by analysis of globally integrated data systems of CEOP in-situ reference sites over semi-arid regions, with coordinated satellite observations and model outputs, could serve an important function for understanding and managing water resources in semi-arid regions where the shortage of water is crucial for sustainable development. Further, it was felt that by applying CEOP tools the study in the semi-arid regions could improve the understanding of the land surface process and hydrological cycle of these regions and their roles in the climate system.  The main research themes for the study would include:

(i)
Atmospheric boundary layer physics and dynamics of semi-arid regions;

(ii)
Land surface processes of semi-arid regions;

(iii)
Water balance and energy balance of air-soil-vegetation systems in semi-arid regions;

(iv)
Interaction of dust aerosols and hydrological cycles;

(v)
Impacts of dust aerosols on regional and global climate;

(vi)
Long distance transport and deposition of dust aerosols on oceans, and their impacts on 
the marine carbon cycle;

(vii)
Integrated study on water issues in semi-arid regions.


The reference site stations that would need to be involved in a CEOP semi-arid integrated study would include for example:

· Tongyu, China (44.42N, 122.87E; Elevation: 184 m; annual precipitation: 404 mm);

· Langzhou, China (35.32N, 104.09E; Elevation: 1874.1m; annual precipitation: 381.8 mm over Loess plateau);
· Mongolia (46.28N, 107.30E);

· Korea Peninsula (37.44N, 127.90E); South Korea
· Bondville (40.01N, 88.29W), USA;
· Oak Ridge (35.96N, 84.29W), USA;
· Niamey (13.5N, 2.5E); Niger; 
· And other sites in North Africa, Australia, Iran and South America

Specifically, the required field observations were listed to be:

- The flux exchanges between land and atmosphere. Sensors on towers, automatic meteorological stations and other instruments will support the observations of wind speed, temperature, humidity, radiation balance, etc. to obtain the surface fluxes of momentum, heat, water vapor and CO2 over representative ecosystems.
- The biological component of the observation will include above- and under-ground productivity, vegetation height, fraction of vegetation coverage, LAI, photosynthesis, water vapor potential, soil organic substance, litter decomposition, chemical elements cycling, etc.

- The atmospheric aerosols, particularly dust aerosols and the spectrum of atmospheric radiation. Ground based measurements of atmospheric optical depth and radiation will offer the direct and indirect knowledge dust aerosol and its influence.

-   Human activities. Land use and cover changes; water resources management, etc.


Roads with Fu agreed to action (A13a) to further develop this concept and to ensure it is documented for inclusion in the CEOP Phase 2 Implementation/Science Plan.
5.6
Phase I extension and Phase 2 plans in the CEOP Monsoon Systems Studies

The CEOP Monsoon Systems Working Group was formed to address the second CEOP overall science objective: to document the seasonal march of the monsoon systems, assess their driving mechanisms, and investigate their possible physical connections.  This group held an initial CEOP Monsoon Systems Workshop that resulted in the definition of the CEOP Inter-monsoon Study (CIMS).  CIMS has now been established as a coordinated model (GCM, RCM, CRM and LSM) integration process that would focus on the CEOP EOP-3. -4 annual periods.  The results of preliminary model “runs” have been validated against global (satellite, global gridded analyses) data, physical measurements from field observations and model output location time series (MOLTS) run at selected CEOP Reference sites.  The analysis cycle will be expanded during CEOP Phase II and will diagnose model biases and carry out additional model integrations to pin-point sources of errors, improve model physics and carry out assimilation studies to assess predictability.  
The goal is to work toward a joint CEOP/GEWEX/CLIVAR effort to begin and sustain organized international efforts in model physics improvement.  

CIMS, thereby, offers the observational and modeling basis for making significant progress towards better understanding relevant monsoon circulations and characteristics over select regions as a contribution to a WCRP Pan-Monsoon Study.  Drs Lau and Matsumoto, Co-Chairs of the CEOP Monsoon Systems Studies Working Group have accepted an action (A14) to advance this work further and to broaden it both scientifically and internationally.  The initial outcome of this action is reflected in section 5.7 below.

5.7
Phase 2 plans for a CEOP Aerosol and Water Cycle Interaction study under CIMS

During CEOP Phase I, the CEOP Monsoon Systems Study Working Group initiated the CEOP Inter-monsoon Study (CIMS) based on a strategy of inter-evaluation of climate, and climate process models, focused on the diurnal and seasonal cycles on select monsoon regions, using data from reference sites, satellites and Model Location Time Series (MOLTS), during the EOP-3 and EOP-4 periods (Lau et al., 2004).  The AOC/SSC felt that this strategy should be applied in CEOP Phase II to aerosol data as well as water and energy cycles data.  The Southern Great Plain (SGP) reference site in the USA is an example of a CEOP super-site, where multi-platform data of aerosols, radiation, and water cycle data co-exist for the same data period.  Development of similar super-sites including aerosol observation platforms in other CEOP reference sites, e.g., Himalayas, Manus Island etc., is highly desirable.  The aerosol- monsoon hydrologic cycle interaction focus in CEOP Phase II, in the context of the Integrated Water Global Cycle Observations (IWGCO) should be integrated with the emerging pan-WCRP monsoon modeling initiative, as an element of the WCRP Coordinated Observations and Prediction of the Earth System (COPES) strategy.  This is another necessary step towards enhancing interaction between GEWEX and CLIVAR, and to improve climate model physics for more reliable model climate assessment and projections.  Lau and Matsumoto have the action (A14a) to further develop this concept and to ensure it is documented for inclusion in the CEOP Phase 2 Implementation/Science Plan.
6.0
CEOP Extended Schedule


Figure 11 shows the CEOP timeline that was approved by the AOC/SSC that is consistent with their endorsement of the phased approach to the extension of CEOP into the future as outlined in Section 4. above.
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Figure 11: Original CEOP implementation timeline with adjustments for new contributions 
and extension for Phase 2.
7.
CEOP WORKING GROUP and BREAKOUT SESSION DELIBERATIONS, ACTIONS 
and RECOMMENDATIONS

Each CEOP Working Group was provided time to present the work they were engaged in and was also given a period to discuss specific issues and propose actions related to their continued development within the framework of CEOP Phase 2.  The sections below provide the conclusions, actions and recommendations from these presentations and deliberations (7.1 Data Management and Integration, 7.2 WESP and 7.3 Monsoon Systems Studies).
7.1
CEOP Data Management and Integration Working Group

This part of the meeting was organized by Drs Williams and Isemer, Co-Chairs of the CEOP Reference Site Data Management Working Group.

The presentations focused on the improved understanding and predictability of the energy and water cycle that has been achieved by way of specialized data and information sharing including data management and integration in CEOP that encompasses functions such as quality assessment and Control, simplified data access, networked data archiving, data integration and visualization, and information fusion.


The success of CEOP in linking to the GHP CSEs as the basis for the collection of in-situ data and to agencies and centers to contribute satellite and model data respectively has included a parallel achievement in establishing an international framework for archiving these data and providing them to the science community (see Figure 12). The services of the collection, archive and distribution of coordinated, quality checked, in-situ, satellite and model datasets are now available.
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Figure 12: CEOP dataset development and handling framework

The three CEOP archive facility activities were reviewed.  The data at these centers, namely the UCAR/JOSS Central Data Archive (CDA) for CEOP Reference Site Data; the ICSU WDC for Climate which is supported by the Max Planck Institute for Meteorology (MPIM) and the German Climate Computing Center (DKRZ) in Hamburg; and the Satellite and Data Integration Center at the University of Tokyo (UT), which is jointly administered by JAXA, JMA and UT, has met the CEOP Data Policy Criteria previously established with the data providers.  As a consequence of earlier deliberations the data are freely available to any and all users free of any costs, with the exception of possible modest expenses for mailing costs of any data that is requested other than through the electronic schemes set up by the administers of each of these centers. The data users are required to comply with the use and citing of the material in accordance with the CEOP data policies as established during previous CEOP International Implementation Planning meetings.
7.1.1
CEOP Data Integration Functions  

To establish the basis for sizing of the CEOP archives an estimate of 300 Terabytes total for CEOP Phase 1 was established at the meeting. Having earlier solved the issue of how to deal with a wide variety of formats and structures of the various data types being contributed to CEOP, the meeting focused on methodologies to transform the observational data into scientifically and socially relevant information through the systematic collection and integration of data, merging of essential related information, and building of systems for sharing this knowledge on an international basis. 
The architecture selected for the CEOP centralized data archiving and integration system was presented at the meeting and is shown in Figure 13. In this case, the server manages all of the data and metadata together using a tape library system and disk arrays to store the data. However, the location of data is masked from users, who can retrieve data without needing to identify its physical source. The browse and analysis interface is performed by dedicated clients which provide the users with menus, integrated access to the data, and analysis tools. The connection between the clients and the server is based on HTTP. Users can access all types of data through a single interface and can view the retrieved data as graphic charts or bitmap images, depending on their dimensionality. Some analysis operations such as average, difference, correlation and visualization can be applied to single or multiple data types through the interface.
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Figure 13: CEOP Centralized Data Archive and Integration System Architecture
7.1.2
CEOS Working Group on Information Systems and Services Contribution to CEOP

It was reported that the University of Tokyo, the Japan Aerospace Exploration Agency (JAXA) and the Committee on Earth Observation Satellites (CEOS) are working together to create a distributed "data mining" system for the CEOP data archive. CEOS membership encompasses the world's government agencies responsible for civil Earth Observation (EO) satellite programs. Within CEOS, the Working Group on Information Systems and Services (WGISS) is responsible for systems and services that manage and supply the data and information from participating agencies’ missions. The purpose of the distributed "data mining" system, known as the WGISS Test Facility for CEOP (WTF-CEOP), is to support development of data services associated with data integration. WTF-CEOP provides metadata and documentation about CEOP data and supports browse and review of the data, including various data integration functions and services. In addition, CEOP scientists are invited to submit requests for specialized processing of CEOP data to support their research. Figure 14 shows an overall system diagram of the WTF-CEOP server system. The system is based on Distributed Oceanographic Data System (DODS) server technology (now know as OPeNDAP). WTF-CEOP uses Live Access Server (LAS) software to provide menus to select the data variable, location, time range, etc. After menu selections are complete and the data type has been chosen, LAS will access the data via the DODS server at the appropriate data archive center. The Ferret client software then performs data processing functions such as data plots, on screen display of the data values, and downloading the data in ascii, spreadsheet and NetCDF formats. The LAS software was designed so that it was possible to add other analysis software.
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Figure 14: CEOP Distributed Data Integration System Architecture
7.1.3
Interoperability and Metadata


It was agreed earlier that metadata applications are required in CEOP for data description, data indexing, and data services such as data mining. Metadata must provide information about the content, quality, condition, and characteristics of data. Major applications of metadata include: (i) organize and maintain data, in which significant resources may been invested; (ii) provide information to data catalogs and data clearinghouses and (iii) provide information to aid data transfer.
Standardized metadata can provide data producers with the format and content needed to properly describe their data, and to effectively and efficiently manage and maintain data. Also, it can support data users in finding and obtaining useful data more effectively and efficiently. The data management working group agreed to standardize CEOP metadata to the internationally accepted ISO TC/211 19115 metadata standard, which defines the schema required for describing geographic information and services and provides information about identification, extent, quality, spatial and temporal schema, spatial reference and distribution of digital geographic data. 


An implementation approach was introduced, at the meeting, for metadata application to CEOP data services over networks. Figure 15 presents that CEOP metadata application architecture based on the publish/find/bind paradigm, which has three essential roles:

(i) Clients perform service discovery operations on the registry service to find the service providers it needs and then accesses service providers for provision of the desired service. 

(ii) Registry services help service providers and clients to find each other by acting as a registry or clearinghouse of services.

(iii) Service providers publish services to a registry and deliver services to clients.
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Figure 15: CEOP Metadata Application Architecture
7.2
WESP Working Group 


As one of the two overall science objectives of CEOP the Water and Energy–Cycle Simulation and Prediction (WESP) was partly responsible for setting the requirements for CEOP and the Phase 1 datasets. Soon after the delivery of the EOP-1 in-situ dataset in early 2004, modeling center and space agency participants in CEOP became aware that the observations at CEOP reference sites could be used in studies to evaluate and validate land surface processes and other related aspects of models and satellite sensor algorithms, respectively. Examples of this work have become evidence of the current value of the CEOP datasets and their potential value to the broader research community.  As a result of this success the WESP activity in CEOP will be extended and broadened in Phase 2 as outlined in Section 5 above.  These next steps were the primary focus of the deliberations of this Working Group at the meeting.  This session was organized by Drs Roads and Marengo.


In an overview presentation Roads noted that work in WESP has allowed CEOP to begin to contribute to an improved understanding of water and energy fluxes and reservoirs over land areas by providing results, which provide reassurance that the overall budgets of water and energy over these regions can be accounted for. These results have been based on data and studies that existed prior to the start of CEOP under the auspices of such activities as the GEWEX GHP and related groups, but have been extended in CEOP in a specialized manner within the scope of the CEOP period and through the application of the unique CEOP datasets.  Roads and Marengo have the overall action (A15) to guide WESP activities in the direction that had been set in Phase 1 and to extend that work and advance into new areas as planned for in Phase 2.


A key aspect of this overall issue for which CEOP has focused its efforts is the "cycling of moisture". That is, it can address the relative importance of large-scale advection into and out of basin and continental regions as well as internal recycling of moisture associated with local evaporation in affecting regional water budgets. The degree to which the cycling occurs varies enormously with the region and has large seasonal and interannual variations. Progress on this issue has enabled CEOP to contribute towards what may be a larger goal associated with examining some inter-connectivity between land areas, including the middle and higher latitudes, and in general towards better understanding some of the means through which land plays a role in the larger climate system.


Some specific issues related to water and energy fluxes and reservoirs for the CEOP period include:

· How do water and energy fluxes and reservoirs, and moisture cycling in particular, vary over various land areas over the annual, seasonal and diurnal periods and what local and large-scale factors control these variations? 

· How well are these water and energy fluxes and reservoirs, as well as moisture cycling, simulated over various regions? 

· How do the fluxes, reservoirs and moisture cycling properties of regions such as the CSEs influence the larger-scale environment including, for example, the large-scale circulation? 


WESP initially focused on developing the atmospheric and surface water and energy conservation equations, which are fully described in the WESP Major Activities Plan, which was presented and distributed at the 2004 CEOP International Implementation and Planning Meeting. From the conservation equations shown then, water and energy processes and reservoirs were defined and requested from the models and observations. In brief, processes and variables included top of atmosphere radiative fluxes, surface water and energy variables and processes, and atmospheric water and energy variables and processes. Starting from the current efforts to close simplified vertically integrated water and energy budgets with observations and analyses over limited geographic domains, and beginning efforts to simulate these budgets regionally and globally, WESP is trying to transfer this local knowledge to global scales, include more water and energy cycle processes, and begin to examine the vertical structure in the atmosphere and land water and energy budgets. 


Three sub-working groups were developed under WESP, which include: 
(i)  Water and Energy Budget Studies (WEBS); 
(ii)  Global Land Data Assimilation Systems (GLDAS); and the newly developing
(iii) Inter-CSE Transferability Study (ICTS) working group. 

The main thrusts of these sub-activities were discussed at the meeting.  It was also noted that besides participating in each of the CEOP planning meetings, the WESP Working Group Co-Chairs and related WESP science researchers have participated in several teleconferences, provide presentations at GEWEX/WCRP meetings (Roads 2002; Roads and Benedict 2003) and  convened two special sessions at the AGU 2003/12 and AGU 2003/05. CEOP WESP presentations are also beginning to appear in related meetings at EGU, AMS, AOGS, GEWEX, CEOP, etc.

7.2.1
Model Output Validation and Water and Energy Budget Studies (WEBS)


Water and Energy Budget analyses in WESP have mainly taken the form of validation and intercomparison studies based on the unique coordination in CEOP of reference site operators, satellite science teams and NWP and modeling centers, which have provided enhanced data products during the CEOP time frame.   At local scales, in-situ data from several international reference sites, along with level II and level III satellite data plus numerical Model Output Location Time series (MOLTS) for these same sites, were consolidated into the data sets applied in WESP for studying water and energy budgets.    At regional and global scales, regional and global networks of more standard observations, as well as global and regional model and 4DDA output from the CEOP database, have also been utilized in WESP water and energy budget studies.  Examples of these studies were shown at the Workshop described in Section 4.


This extensive gathering of in-situ, satellite, and model output data is being applied in WESP to advance progress that is providing not only insights into problems with current model simulations of water and energy budgets but also how water and energy budgets behave on diurnal to seasonal time scales in widely disparate geographical locations. Through WESP CEOP is confronting the modelers with new and useful research observations. Several individual model comparisons have therefore started, with global, regional, and land surface models. Roads has agreed to undertake the action (A15a) to ensure WESP advances its efforts to further organize these individual comparisons into international intercomparisons involving multiple models being compared over multiple domains. The goal of this effort was stated to be quantifiable progress toward understanding what components of the water and energy cycles can be observed, and how well they can be simulated, leading to improved prediction of water and energy budgets at local to global scales.
7.2.2
Contributions from GLDAS to WESP Studies

To make further progress WESP must rely on the further development of various tools that can be applied through mutually beneficial experiments and studies. This is especially true in the land data assimilation element of WESP where contributions from specialized activities and systems such as the Global Land Data Assimilation System (GLDAS) are critical to WESP research. WESP has, therefore, undertaken a number of actions to become involved in the development of these systems and has forged agreements with their development teams to contribute to CEOP.


GLDAS, which has been developed at NASA’s Goddard Space Flight Center, has become an important tool in this work. It was explained that in this context, GLDAS uses various new satellite and ground based observation systems within a land data assimilation framework to produce optimal output fields of land surface states and fluxes. GLDAS includes four components implemented globally at ¼ degree resolution (higher resolutions are planned) in near real time: land modeling, land surface observation, land surface data assimilation and calibration and validation. The core advantage of GLDAS is its use of satellite-derived observations (including precipitation, solar radiation, snow cover, surface temperature, and soil moisture) to realistically constrain the system dynamics. This allows it to avoid the biases that exist in near-surface atmosphere fields produced by atmospheric forecast models, minimize the impact of simplified land parameterizations, and to identify and mitigate errors satellite observations used in data assimilation procedures. These value-added GLDAS data will improve land surface, weather, and climate predictions by providing global fields of land surface energy and moisture stores for initialization.


GLDAS is a natural and important tool for CEOP/WESP because in a globally consistent manner, it will integrate the information from multiple models and observation platforms to provide the best available assessment of the current state of the land surface. The international GEWEX and CEOP communities have recognized that GLDAS can be leveraged and further developed to provide optimal integration of CEOP data. Roads has agreed to maintain close ties with the GLDAS development groups so that it will contribute to CEOP WESP in accordance with the CEOP phased implementation approach.   

7.2.3
Inter-Continental Scale Experiment (CSE) Transferability Study (ICTS)


Within the GEWEX Hydrometeorology Panel (GHP), there has been much discussion about the transferability of coupled atmosphere/soil regional models to different Continental Scale Experiment (CSE) regions around the globe. CEOP has a special interest in those transferability experiments that will take advantage of not only the in-situ and satellite data but also the global analyses being collected during CEOP. In collaboration with the GHP, the WESP transferability working group has begun an Inter-CSE Transferability Experiment that will involve multiple regional models running continuous simulations over most of the CSEs and associated reference sites during the CEOP time frame. These regional simulations may prove to be of special value to the CEOP community since they are continuous simulations instead of short range forecasts. In particular, the regional simulations avoid spinup issues associated with most of the global analyses, at least within the regional interior. Like the global model data, these regional simulations will be stored in the CERA data bank at the German Climate Research Center (DKRZ).


The GHP/CEOP Inter-CSE Transferability Study (ICTS) makes use of the CEOP data archive and also contributes to the GHP/TWG. One aim of CEOP is to bring together data sets from satellite measurements, synoptic observations (at reference sites) and analyses of numerical weather prediction centers. Participating RCMs include the Climate version of the “Lokalmodell” (CLM) at the GKSS Research Center (Germany), the Regional Spectral Mode (RSM) at the Experimental Climate Prediction Center (U.S.), and the Regional Climate Model (RegCM3) at the Iowa State University (U.S.) Regional Climate Modeling Laboratory. Additional international contributions are being solicited. The simulation period is 07/1999 - 12/2004, which covers the three CEOP phases. The first two years are for spin-up of the land surface state. The horizontal resolution of the regional models are about 50 km. Model setup (numerics/physics) are the same for all regions. Boundary forcing data are currently being taken from NCEP re-analysis 2, although, depending upon the success of the initial experiment, other global model output may also be examined. 
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Figure 16: ICTS regional model areas and some of the CEOP reference sites used for validation.

The first step in the model set-up was to find the appropriate computation area over the different CSEs. Several aspects had to be taken into account in this process (e.g. orography at the boundaries of the simulation areas; inclusion of main typical synoptic features). With the expertise of regional modelers from each CSE or experience from other international projects such as the GEWEX Cloud System Study (GCSS) 7 areas that covered most of the CEOP sites were selected. 


Simulations for the 1999-2004 are still under way but will presumably be completed by the end of 2005, at which point they will be compared to the available CEOP data. Roads and Rockel have action (A16) to provide the results at the CEOP International Implementation Planning Meeting that will be held at Paris, France from 26 February to 1 March 2006. Further information about ICTS activities can be found at http://w3.gkss.de/ICTS/.


The outcome of discussions related to expansion of WESP in Phase 2 into studies in cold regions and semi-arid regions were provided in Sections 5.4 (Cold Regions) and 5.5 (Semi-arid Regions).

7.3
CIMS Research/Science Structure

It was determined at the meeting that in CEOP Phase 2, CIMS will expand on the research thrusts for CEOP Phase 1 to meet requirements of emerging national and international programs on climate and water cycle research and applications, e.g. GEOSS, IWGCO, WCRP/COPES, CCSP (Climate Change Science Program), and NACIP (National Aerosol Climate Interaction Project). These studies and the focus on diurnal and seasonal variations can be advanced in CEOP because of the model and data infrastructure and strategy that had evolved during Phase 1.  This baseline set of tools and knowledge will enable CIMS to carry out an internationally organized effort to conduct modeling experiments to cover a wide range of spatial and temporal scales, and a full suite of forcing functions from SST, orography, land surface processes, and radiative forcing from absorbing and non-absorbing aerosols in the monsoon regions, such as Asian and the South American, and West African monsoon.

In CEOP Phase 2, CIMS will continue the original CEOP Phase 1 focus in identifying fundamental model physics errors, and model improvements using the “telescoping” approach, from global, regional, local and river basin – watershed skill for validation and for downscaling of global climatic signals to scales of human dimension for applications, using the integrated CEOP data for EOP-3 and EOP-4. The list of fundamental physics includes land versus oceanic convection, stratiform versus convective precipitation, cloud-radiative processes, boundary layer and surface fluxes, and the effects of land surface processes including soil moisture and snow cover.   
As the CEOP Phase 1 and Phase 2 multi-year data platforms (more than 5 years) are being developed, the focus will continue to move toward model intercomparison and physics validation studies of extreme events for the monsoon regions for the data period as a means of connecting with WISE (See Section 5.3). The selection of events may be based on temperature, rainfall, intensity of monsoon depression, and/or extreme fluctuations in relevant regional monsoon indices, derived from reference site observations, MOLTS and/or satellite observations. Events may range from episodes of torrential rainfalls, heat waves and intense monsoon depressions, to prolonged droughts on seasonal to interannual time scales: Is it appropriate to include such old years? Is not it better to be selected in EOP 1-4? Some other extremes include the summertime droughts of 2001 and 2005 in southern and southeastern Brazil.  

The outcome of these discussions was that Lau and Matsumoto had the action (A16) In CEOP Phase 2, to continue emphasizing the atmosphere-land component of the monsoon, but to coordinate with CLIVAR regarding the oceanic component of the monsoon, especially with regard to sea surface temperature forcing.  The CEOP CIMS aerosol-monsoon work was discussed earlier (See Section 5.7).
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