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EXECUTIVE SUMMARY: 

CEOP is an effort to address some of the critical aspects of the climate system 

involving land areas in particular over a 2 year period beginning in mid-2001. 

It will focus on two overall issues: 

  water and energy fluxes and reservoirs over land areas, 

  monsoonal circulations 

CEOP will involve the simultaneous or near-simultaneous collection of 

observations from several regions around the world. In particular, it will 

include:

  several reference sites in the continental-scale experimental regions of GEWEX 

  as well as other regions 

  extensive field measurements for addressing monsoonal systems 

  validation studies for new satellite systems 

CEOP will lead to:

  better understanding of water and energy fluxes and reservoirs over specific 

  land areas 

  progress at better appreciating the role of land areas in the whole climate 

  system 

  a testing of our capabilities to transfer techniques and models between 

  different GEWEX continental-scale experimental (and other) regions and to 

  predict water-related parameters 

  enhanced understanding of the land-atmosphere-ocean interactions 

1. BACKGROUND

The knowledge and understanding gained from the different climate research 

activities since the establishment of the World Climate Research Program by the 

WMO Congress in 1979 has reached the level where significant improvements in 

climate predictions on the seasonal to interannual time scale can be envisioned 

during the first decade of the new millennium. 

A Coordinated Enhanced Observing Period (CEOP) in the 2001 to 2003 time period 

was originally envisioned by the GEWEX Hydrometeorology Panel (GHP) and others 

as a major step towards bringing together the research activities in the GEWEX 

continental scale experiments (CSEs) and related projects in WCRP (GEWEX, 

CLIVAR, CLiC) to accelerate the realization of these potential improvements. For 

example, each of the CSEs has gathered its own data and has carried out its own 

modelling studies to address its own regional issues. Now, with CEOP and fully 

in the spirit of GEWEX Phase II, WCRP, and developing national and international 

water cycle initiatives, there is the opportunity to integrate all these 

WCRP-related studies to develop a unique, consistent dataset that can be used to 

address global as well as regional issues. 

Given its scope and potential, CEOP has therefore evolved into a "WCRP project 

in cooperation with WMO and IGOS/CEOS" where IGOS is the Integrated Global 

Observing System and CEOS is the Committee on Earth Observation Satellites. Some 

of the ultimate goals of these groups are related to better determining the 

water cycle in association with climate variability and change as well as the 

impacts of this on water resources; CEOP can help to increase our confidence to 

address such crucial issues through a 'hands-on', focused examination of the 

water cycle over a particular time period.

During the CEOP planning exercise, it was recognized early on that the financial 

and human resources were not available over the 2001-2003 period to conduct a 

full-scale global hydroclimate experiment. In fact, it was acknowledged that a 

more limited scale hydroclimate experiment was needed as a precursor to a 

full-scale experiment that might be conducted some time in the future. 

CEOP is thus a pilot project that will nonetheless make significant 

contributions towards our long-term transferability and global predictability 

goals. Its success depends on the simultaneous and enhanced measurements will be 

carried out in all CSE regions (CSEs) as well as other regions over a period 

covering at least one annual cycle. 

This short document provides a brief description of the scientific motivation, 

scope and objectives of CEOP as well as its overall scientific strategy. An 

implementation plan and a related data management plan will address many of 

these issues in much more detail.

2. GENERAL MOTIVATION

The global water and energy cycle is a fundamental aspect of the Earth's climate 

system and it illustrates substantial variations on time scales from seasonal to 

interannual. 

Land plays a significant role in the development and evolution of these 

variations through many interactions involving the atmosphere, surface and 

sub-surface. For example, over large continental regions only a small amount of 

water is exchanged between the atmosphere and the land during periods of 

drought, but a great deal is exchanged during periods of wet conditions. 

Overall, such interactions involving the land impact the fluxes and reservoirs 

of water and energy in the global system.

On a regional scale, there are large differences over land areas in the response 

to and impact on water and energy processes (see, for example, Heise, 1996; Oki 

et al., 1995; Yatagai and Yasunari, 1998; Yasunari et al., 1999a&b; Stewart et 

al., 2001). Some regions act as moisture and energy sources whereas others act 

as sinks, although the relative impact often alternates on seasonal and other 

time scales for a given region. The highly variable role of land arises due to 

many factors including, for example, differences in large scale forcing and wide 

variations in topography, surface terrain and vegetation. 

The variability in water resources is closely linked with the global water and 

energy cycle as well as to regional-scale and local-scale processes. Once we 

establish more accurately the role of land on the global water and energy cycle 

and on regional fluxes and reservoirs, we will have a better understanding of 

the causes of variability up to interannual scales in the global distribution of 

water resources and we will also be better able to apply this to regional 

scales. 

To realize its overall regional and global objectives of demonstrating improved 

skill in the prediction of water resources and other water-related parameters 

over land, WCRP must address these factors. To date, efforts such as the 

continental-scale experiments (CSEs) of GHP have largely focused on regional 

water and energy balances independent of each other. However, these efforts are 

in the process of being collectively summarized within GHP's Water and Energy 

Balance Study (WEBS, 2002). 

Regional investigations are therefore moving us towards our overall global goal 

of understanding the global circulation's impact on regional scales. Carrying 

out a focused activity under the same climate state is a logical step of our 

strategy to realize our goal. Otherwise, there is a continual set of individual 

efforts investigating the role of land, but under different climatic states, and 

it is difficult to connect them. Such an effort needs to consider temporal 

scales up to at least annual but it also needs to consider the role of 

'components' ranging from 'fast' ones in the atmosphere to slow ones below the 

surface. 

The basic approach which can be used under such an effort needs to include 

factors such as: 

  Use the existing CSEs and other WCRP focal points and, within these, have 

  reference sites for carrying out regional studies 

  Address continental issues using operational systems 

  Address global to regional scales with operational and new satellite systems 

  collectively providing improved capability to measure the water and energy 

  cycle and global data assimilation schemes that include land data assimilation 

To be successful, such an effort must of course also have:

  A consistent dataset on the state of the land surface for a number of 

  different climate regimes around the globe. 

  The extension of derived products from operational satellites (such as ISCCP, 

  GPCP, SRB, GVAP, ISLSCP) across the period of study in order to provide a 

  longer-term perspective and to allow for feedback on the utility of such 

  datasets. 

Under this approach, land issues in different regions can also be considered to 

be influenced by the same overall circulations such as those driven by ENSO or 

other large scale patterns. A consistent overall picture or characterization of 

the whole climate system will therefore be feasible.

3. A PILOT PROJECT 

This general approach is being followed for CEOP. It aims to move global science 

ahead through the development of a strong team effort that focuses on a 

particular time period; this is expected to help bring together many different 

regional efforts. Such a period will be at least one year long to address an 

annual cycle and it will be at a time for which there are as many measurements 

of land-area water and energy parameters as possible. 

Such an opportunity is unfolding for the 2001-03 time period. 

  A new generation of remote sensing satellites (including TERRA, AQUA, ENVISAT, 

  ADEOS-II) in addition to TRMM, Landsat-7, NOAA-K series and the other 

  operational satellites will be available over the 2001-03 period to provide 

  unprecedented enhancement of observing capabilities to quantify critical 

  atmospheric, surface, hydrological and oceanographic data. 

  A great deal of experience has been gained in the utilization of operational 

  satellites; this is crucial for providing a longer-term perspective as well as 

  for exploiting information from the new satellites. 

  Global modelling centres have made impressive gains in data assimilation 

  techniques and are continually devising new means of assimilating additional 

  information. 

  GHP and other GEWEX efforts in GRP (GEWEX Radiation Panel) and GMPP (GEWEX 

  Modelling and Prediction Panel) are ready to address over-arching issues in a 

  collective manner. 

  Monsoonal flow efforts under CLIVAR are now ready to interact with GHP to 

  address land-ocean-atmosphere interactions. 

  The developing CLiC effort is gearing up and CEOP can represent one means of 

  moving ahead. 

Bearing in mind logistical and other constraints, there will be a 3-month 

build-up phase with reference sites starting on July 1, 2001 and then the main 

CEOP period will run:

  October 1, 2001 through September 30, 2003

4. SCIENTIFIC, OBSERVATIONAL AND MODELLING OPPORTUNITIES

There are a number of scientific, observational and modelling opportunities for 

CEOP including the following.

4.1 Scientific opportunities:

  The water and energy balances over land areas, and in particular those of the 

  continental-scale experiments of GEWEX as well as those under investigation by 

  CLIVAR, can be determined over the same time period and related to the same 

  global climate state with the same model and observational framework. 

  Studies of critical climatic forcing can be carried out over various regions, 

  but their linkages need to be examined using a dynamically-consistent global 

  framework readily available within CEOP. 

  CEOP will permit the documentation of the intraseasonal variation of the heat 

  sources and sinks over the monsoon regions and an examination of the links 

  with global intraseasonal oscillations and their impact on seasonal 

  prediction. 

  The implementation of simultaneous monsoon experiments during CEOP over 

  Asia-Australia, South America and possibly Africa will allow for the 

  examination of monsoon systems as a fundamental component of the 'global' 

  system. 

4.2 Modelling and observational framework:

  CEOP serves as an integrator over various scales (temporal and spatial) with 

  the use of high resolution satellite data, point observations and model 

  output. 

  The focus on a particular period maximizes the amount of satellite information 

  that will be available and it improves the likelihood that satellite 

  calibrations will be consistent. 

  The availability of a wide range of datasets from satellite sensors, GEWEX, 

  CLIVAR, CLiC and other sources provides the basis for validating measurements 

  of and understanding both interacting components (water and energy) of the 

  global system. 

  Several global operational centres are able to provide consistent large scale 

  forcing as well as local area analyses to support such a global effort and 

  each would be able to validate global features of its parameterizations. 

  The same data assimilated products can be applied to all regions with the same 

  model capabilities. Dynamic linkages between regions, validation of satellite 

  and model products, as well as process studies can then be carried out more 

  effectively and efficiently. 

  A single CSE of GEWEX or a regional focus of CLIVAR can address the issue of 

  the role of its land area on the global water and energy cycle but it cannot 

  address the issue of how land areas in general affect this cycle. 

  It provides a globally and climatologically consistent set of data for the 

  tracking of future reanalysis effort products, for 'a priori' seasonal 

  forecasts, and for many of the GEWEX and other global data products 

  (radiation, ISLCP II, etc.). 

  The simultaneity also leads to a greater utilization of the scientific effort. 

  Significant efficiencies can be made in the acquisition, processing and 

  analysis of observational and model data; and, transferability studies will be 

  much more complete. 

  Economy and efficiency is achieved in transmitting and archiving data for 

  climate and regional models to improve both diagnostic and predictive skills.

5. CEOP SCIENCE AND BENEFITS

5.1 General Comments and Major Issues for CEOP

CEOP will focus mainly, but certainly not exclusively, on water and energy 

fluxes and reservoirs of the continental-scale experiments of GHP as well as on 

oceanic areas linked with monsoonal circulations, in part to constrain the 

activity to a manageable level but it will emphasize its simultaneity to make 

substantial progress efficiently. 

It is fully expected that more elaborate efforts will be developed later on in 

the decade. CEOP should thus be considered as an important, but limited, step 

towards the realization of the long-term guiding goal:

"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 specific scientific and technical sub-objectives of CEOP are encompassed 

within two statements: 

Water and Energy Objective --- To use enhanced observations to better document 

and simulate water and energy fluxes and reservoirs over land on diurnal to 

annual temporal scales and to better predict these on temporal scales up to 

seasonal for water resource applications. 

Monsoon Systems Objective --- Document the seasonal march of the monsoon 

systems, assess their physical driving mechanisms, and investigate their 

possible physical connections.

These objectives can only be realized on the basis of improvements in our 

scientific understanding of critical land area-atmosphere processes and 

interactions. 

Land areas: The fundamental issue for CEOP is to improve our understanding of 

water and energy fluxes and reservoirs over land areas and to assure ourselves 

that we can account for the overall balances of water and energy over these 

regions. A key aspect of this overall issue for which CEOP can focus 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 factors such as evaporation 

in affecting regional water balances. The degree to which the cycling occurs 

varies enormously with region and has large seasonal and interannual variations. 

The focus within CEOP will continue to be on the CSE regions as well as those of 

concern to CLIVAR and CLiC. Progress on this issue would also contribute to a 

larger goal as well. CEOP should be able to contribute towards 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 overall climate system.

Some specific issues related to water and energy fluxes and reservoirs for the 

2-year 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 and predicted 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? 

Monsoons: Water and energy fluxes and reservoirs over land represent a critical 

aspect of monsoonal circulation. These circulations are directly linked with the 

largest heat source and sink regions in the world and are of fundamental 

importance to the global climate system as well as regional water availability. 

Key interplays occur between land areas and oceanic ones over various time 

scales and these collectively govern these large scale circulations. CEOP offers 

the observational and modelling basis for making significant progress towards 

better understanding these circulations over various regions as well as better 

appreciating the collective role of monsoon systems on the global climate 

system.

Critical issues involving monsoons include:

  How do land surface and oceanic features interact to govern the timing, 

  magnitude and location of monsoonal circulations? 

  What are the similar and different aspects of monsoonal systems over the 

  Austral-Asian, North and South American, and possibly African regions under 

  the 'same' large scale climate system? 

  To what extent are the monsoonal systems interconnected and what are the 

  collective interactions between these regional monsoon systems and the larger 

  global climate system? 

Through addressing these issues, CEOP will also contribute significantly to 

other developments:

  The utility of the new generation experimental satellites in land area and 

  hydrological research to improve NWP and climate predictions as well as the 

  exploitation of ongoing operational satellites. 

  Our understanding of the land area and atmosphere interactions for improving 

  the coupled hydrologic/atmospheric models. 

  The performance of regional and global coupled and uncoupled land-hydrology 

  models across a spectrum of continental climatic zones and forecast time 

  scales. 

  Global and regional land data assimilation products for at least one complete 

  annual cycle during the two-year data collection period (using available 

  real-time data and more comprehensive later re-analysis efforts). 

Collectively, CEOP represents a unique opportunity to improve the scientific 

basis needed to address prediction goals as well as to begin the global testing 

of transferability.

5.2 Level of Effort

A difficulty within the CEOP planning process has always been the problem of 

drawing the line between the possible and the feasible. To clarify the actual 

CEOP objectives and scope, one must consider many factors including: 

  The outstanding scientific issues linked with long-term goals associated with 

  the water and energy cycle. 

  The progress being made towards such issues within other efforts without 

  consideration of CEOP. 

  The scientific and technical team able to address the issues of importance for 

  which CEOP can contribute. 

  The financial resources available to carry out the proposed observational, 

  modelling and research activities. 

  The degree to which the success of CEOP depends upon other groups, the 

  willingness of these groups to contribute to CEOP, and the availability of 

  CEOP investigators to handle all the potential linkages 

Given all the possible scientific thrusts for CEOP, we have to address the issue 

of scientific feasibility. It is therefore critical to identify the elements of 

a minimal program; this is currently being addressed within the CEOP planning 

exercise and will be clearly evident within the Implementation Plan. 

5.3 CEOP Benefits

It is expected that CEOP will have many positive benefits that go beyond our 

scientific progress. These include:

  Joint interactions within GHP, GEWEX, CLIVAR, CLiC, and CEOS. 

  Joint international experience in the exploitation of new (and ongoing 

  operational) satellite sensors measuring atmospheric, surface and hydrological 

  parameters to begin to fill in the gaps standing in the way of the realization 

  of major goals. 

  Joint international experience in assessing the capabilities and limitations 

  of present and new assimilated products for capturing these parameters. 

  Advancements in coupled model development over diverse land areas. 

  Experience in the transferability of regional models and the validation of 

  global models. 

  The production of consistent datasets from several regions around the world 

  that can act as testbeds for the validation of remote sensing and numerical 

  model products. 

  Specific identification of future steps and requirements to realize overall 

  predictability goals of WCRP as well as the observational goals of IGOS. 

6. SCIENTIFIC AND IMPLEMENTATION-RELATED STRATEGY

6.1 Scientific Strategy

A fundamental aspect of the CEOP strategy has to deal with the nature of 

scientific progress. Purposely, CEOP is utilizing the strategy that as much 

critical information as possible should be acquired over a relatively short time 

period to address a scientific problem. In our case, this must include a wide 

variety of atmospheric, surface and sub-surface parameters over land as well as 

some oceanic information. Although the implications are long-term, it is not a 

monitoring effort that will last for many years. The intent is to make 

substantial scientific progress over the period under consideration. Armed with 

this, the field can take other steps in the future.

Given this approach and therefore given the same state of the climate system, we 

will focus on improving our understanding, simulation and prediction of water 

and energy fluxes and reservoirs over land areas (and adjacent ocean areas as 

appropriate). A particular aspect of this overall issue will be a consideration 

of the major heat source and sink regions (both land and ocean) associated with 

the Austral-Asian, North and South American and possibly the African monsoon 

systems. It is also expected that some progress will be made in better 

understanding linkages between such monsoonal systems. 

This scientific strategy can only be successfully carried out if a number of 

related tools and issues are adequately addressed. The effort requires the use 

of models (global, regional and hydrological) and observations (satellite, 

surface and others) as well as analysis and data management strategies. All of 

these factors are briefly described here but will be addressed in more detail in 

the Implementation and Data management Plans. 

6.2 Modelling Strategy

Our overall objective here is to advance our capabilities to: 

  Simulate water and energy processes over land areas and associated ocean areas 

  'Balance' water and energy budgets over land areas and, as appropriate, over 

  associated ocean areas 

  Better understand the response to and the role of land areas on the larger 

  scale environment 

  Assess our capability to transfer modelling techniques for water and energy 

  fluxes and budgets between various land areas on temporal scales up to annual 

  Assess our predictive capability for water and energy fluxes and budgets over 

  land areas on temporal scales up to seasonal. 

To accomplish this overall objective, extensive use must be made of global 

models. These need to be evaluated over many diverse climate regions in order to 

understand the limitations of parameters that may have been developed for only a 

single site. This is especially true for the parameters that characterize 

land-atmosphere interactions. However, land-atmosphere data have not been 

readily available to the global modelling community. Most data are available for 

individual sites and for limited, uncoordinated periods. For example, there was 

a period of flux information available for the BOREAS experiment, and the 

synthesis of these data has been useful over the past several years. CEOP with 

its wide base of reference site and other information should lead to the 

efficient evaluation of global models that will have benefited from these 

earlier hands-on experiences.

Use is actually needed of several modelling types to: 

  Test, calibrate and improve land surface schemes for each CSE (and other 

  regional) datasets simultaneously. 

  Based on this test and interpretation, inject these improved and calibrated 

  land surface schemes into coupled models. 

  Perform a set of global coupled intercomparison experiments with a set of 

  scientific objectives to be determined but could for example focus on issues 

  such as defining divergence/evaporative sources for CSE regions. 

  Perform and test appropriate, later re-analysis efforts by at least one NWP 

  centre for the CEOP period. 

What are the specific means through which CEOP will proceed?

  Over what regions will we focus our efforts and how will we use global and 

  regional models to establish and assess our best estimates of water and energy 

  fluxes and budgets? Real-time data assimilation techniques will be used as 

  much as possible as a critical basis for characterizing fluxes and reservoirs 

  over CSE and other regions; such efforts need to be supplemented later through 

  re-analysis efforts that will incorporate information not available in 

  real-time. 

  Should we focus on particular regions for tests of transferability by regional 

  and hydrological models or should we examine the performance of global models 

  over various regions beyond the CSEs? Within CEOP, both approaches will be 

  followed. 

  What is the scientific rationale for carrying out transferability experiments 

  over specific areas? A set of criteria involving 'simple' to 'complex' climate 

  systems has been discussed within GHP. Examples of such experiments that are 

  expected to be carried out within CEOP include the La Plata River basin and 

  the Saskatchewan River basin; detailed plans for such activities are being 

  developed. 

  How will we set-up our predictability experiments? Specific plans are 

  currently being developed that will use both operational as well as research 

  models including hydrological ones. 

The archiving of 'virtual sounding information' will be a critical aspect of the 

modeling strategy. The use of MOLTS (model location time series) information has 

proven to be extremely helpful within projects such as GCIP in that it 

represents a model-estimate of conditions over pre-defined locations. This 

allows for improved efficiency in acquiring model data, comparing it to other 

information, and using it in scientific analyses. The specification of such 

locations will be a critical part of the Implementation Plan. 

6.3 Observational and Validation Strategy

The observational strategy first must account for the scientific and modelling 

effort being envisioned and it also must consider the observational capabilities 

to be available. In light of such considerations, the objectives of the 

observational strategy are to:

  Utilize information from the available suite of experimental and operational 

  satellites. 

  Obtain critical local and point measurement information at a number of 

  reference sites within the continental-scale experiment regions as well as at 

  other locations. 

  Increase our collective observational capabilities over several regions for 

  the CEOP period to provide information for an improved determination of water 

  and energy balances. 

  Carry out intensive observing experiments as appropriate in support of 

  specific studies of critical water and energy cycle features. 

  Encourage the extension of various GEWEX and other global dataset groups to 

  cover the CEOP period. 

  As feasible, provide usable information in real-time to operational centres. 

To apply products at the regional and global scale effectively, CEOP is 

developing a comprehensive satellite validation strategy. Each component of the 

water and energy cycle derived from the different sensors has to be validated in 

the context of the entire suite of processes associated with the overall cycle. 

Some of these can be done under CEOP but input from others is crucial. For 

example, at a reference site, it may be that validation could focus on land 

surface heterogeneity, atmospheric heating, and/or cloud characterization. Such 

efforts would be a contribution from CEOP towards the overall evaluation of 

products, and CEOP could rely on the results of efforts by other groups for 

other parameters. 

In general, the observational and validation strategy will be accomplished in 

part through: 

  Validation with new generation satellites. Although each space agency is 

  carrying out a validation exercise, we need validation from the point of view 

  of the whole water and energy cycle. A CEOP working group is currently 

  addressing this. 

  A key question for such a CEOP effort is to determine which parameters are 

  most crucial to the realization of the scientific objectives. This is 

  currently being done. 

  Validation would also need to extend from reference site scale to the 

  continental one by using operational observational data. 

In regards to these satellite validation efforts, a summary of parameters and 

products that are or will be available from space-based system during at least 

part of CEOP is being developed. These are all critical, and coupled, parameters 

that characterize the overall water and energy cycle, at least in relation to 

land areas. 

As under the modelling section 6.2, what is being done now is settling on 

specific items under this topic. 

  Which datasets should be developed for our purposes (from reference site to 

  larger scale)? 

  How do we interact with others to utilize our needed datasets? 

  How do we, as appropriate, merge the various validation datasets? 

6.4 Data Management Strategy

The data management strategy is based on the reality that there will be a wide 

mix of datasets being obtained from many sources but the research community will 

need to have efficient access to this information. The data management strategy 

will lead to both the production of specific new products as well as the 

utilization of a number of existing data archiving centres. 

This is an enormous challenge. For example, there is a huge volume of satellite 

and model data to be considered. Careful consideration has to be given to 

deciding on the most effective use of this information. One approach being 

followed is to pre-define various locations where a variety of datasets (such as 

actual observations, appropriate satellite information as well as model output) 

will be archived as sub-sets of the global datasets. Such locations will include 

reference sites as well as other sites critical to addressing scientific or 

technical issues important for CEOP. Researchers will then have smaller volumes 

of data to consider although such information is not sufficient for all 

investigations. 

As the observational and modelling strategies clarify their detailed data 

requirements, the data management effort will focus on helping to acquire, 

access and distribute the needed observational and modelling information. 

6.5 Analysis Strategy

The analysis strategy will rely upon researchers carrying out their individual 

projects but it also has to recognize that the broader CEOP objectives need to 

be realized. This will undoubtedly lead to many joint international studies that 

carry out the needed diagnostic and modelling studies. 

It is expected that the CEOP analysis will be enhanced through special 

opportunities. For example, it is expected that there will be an analysis 

workshop held at least once per year for at least 4 years, with the first taking 

place in 2002 during the field phase. These will be held in conjunction with the 

annual GHP meeting but also at the periodic GEWEX international conferences as 

well as at other international conferences. 

7. MODELLING AND OBSERVATIONAL REQUIREMENTS

The realization of the scientific goals of CEOP requires modelling and 

observational plans.

7.1 Modelling Requirements

The modelling plan will rely on a combination of global, regional and 

hydrological models. Global models will be used for: 

  Real-time assimilation including, as feasible, special observations being made 

  by CEOP. This information provides a dynamically-consistent framework for the 

  entire effort. It is expected that special re-analysis efforts will be carried 

  out later on to take advantage of extra data not available in real-time. 

  Basis for the global diagnosis of water and energy fluxes and reservoirs and 

  for monsoon diagnostic studies 

  Large scale boundary conditions for forcing regional models over various land 

  and adjacent regions 

  One basis for assessing our transferability capabilities over many regions of 

  the world 

Regional and hydrological models will be used for: 

  Providing higher resolution datasets for characterizing water and energy 

  fluxes and reservoirs over different regions 

  One basis for assessing our transferability capabilities 

This modelling plan leads to specific requirements. Its real-time aspects 

require: 

  input data for assimilation 

  real-time communications and proper protocol 

Subsequent model activity requirements are associated with: 

  initiation 

  validation 

In turn, both initiation and validation are associated with specific 

requirements. In general, these are linked with the overall need for 

compatibility in resolution (spatial and temporal) across the hierarchy and 

variety of models to be used. In addition, validation requires a 

well-coordinated effort with the observational community to effectively use the 

diverse information that will be available. For example, many of the satellite 

products will be from polar-orbiting satellites and therefore have poor temporal 

resolution over any particular site. Validation must carefully consider how to 

best use such information. 

7.2 Observational Requirements 

There are a number of issues related to the observational phase of CEOP that 

must be addressed. For realizing the CEOP objectives, it is crucial that the 

wide spectrum of critical parameters be acquired. This includes: 

Land surface characteristics: 

  land cover data 

  vegetation data (LAI, fractional vegetative cover, etc) 

  soil type 

  snow cover 

  topography 

  stream and river channel networks 

Water and energy variables: 

  net solar radiation 

  photosynthetically active radiation 

  long wave surface radiation 

  skin temperature 

  water vapor profiles and three dimensional water vapor distributions 

  cloud occurrence and structure 

  winds for flux computations 

  precipitation including phase 

  river and lake levels 

  streamflow 

  snow water equivalent 

  sea surface temperature 

  latent heat flux (evaporation) 

  sensible heat flux 

To the extent possible, such information should be available at the reference 

sites being used within CEOP. The observational requirements furthermore must 

consider: 

  Temporal and spatial sampling requirements 

  Formatting techniques 

  Archival approaches 

  The possibility of real-time communication and the parameters that can be 

  transmitted and used 

Special field campaigns will also be carried out within CEOP. These campaigns 

will focus on critical phenomena occurring over various regions that play a 

crucial role in the regional water and energy balance and/or are crucial for 

advancing our monsoon effort. Such campaigns will in general use a wider variety 

of specialized observational platforms than available on a sustained, long-term 

basis. Examples of such campaigns include: 

  wet and dry periods over the Amazon basin 

  monsoon-related studies over different regions of Asia 

Satellite validation is an essential part of CEOP observations. Not all of this 

can be done directly at the reference sites. It will be necessary to: 

  Determine which satellites and satellite-derived parameters are of most 

  importance to CEOP 

  Determine as appropriate whether special CEOP validation efforts for these are 

  warranted and feasible 

  Determine if CEOP investigators would have access to satellite-derived 

  products generated by the space agencies and their science teams 

  As appropriate, devise validation experimental procedures 

  Develop a detailed plan for carrying out the appropriate analyses and for 

  providing appropriate feedback to the satellite teams. 

The observational strategy will rely upon the ongoing operational satellite 

systems as well as the experimental ones. Many products have been, and continue 

to be, developed and used from these systems. CEOP must ensure that this 

information is exploited to help achieve its objectives, including placing the 

2-year period into a longer term perspective. 

The detailed aspects of the complete observational plan are currently being 

developed. 

8. FINAL REMARKS

The entire CEOP effort will take several years to complete. On its conclusion, 

we expect to be able to say that, based on our targeted research effort focusing 

on a particular 2 year period, we have:

  Better understood water and energy fluxes and reservoirs as well as moisture 

  cycling over land areas 

  Made 'significant' progress towards better understanding the role of land 

  areas in the regional and global climate system 

  Carried out a demonstration test of our capabilities to simulate and predict 

  water-related parameters over various regions 

  Better understood land-ocean-atmosphere interactions in association with 

  monsoon systems over different regions 

CEOP will be a great benefit to the climatic science community, to climate and 

operational modelling groups, to the space agencies, and to the water resource 

community.
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