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CEOP SCIENTIFIC OBJECTIVES

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.

OVERALL OBJECTIVE 1
To better document and simulate 
wa te r  and  energy  f luxes  and 
reservoirs over land on diurnal to 
annual temporal scales and to better 
predict these on temporal scales up 
to seasonal for water resources
application.

WESP

OVERALL OBJECTIVE 2
Document the seasonal march of 
the monsoon systems, assess 
their driving mechanisms, and 
investigate their possible physical
connections.

CIMS



CEOP/WESP 3-D Water and Energy
Variables and Processes
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CEOP Monsoon System Study Framework
The A4 monsoon: Asian,  Australian,  American 

(North and South) and west African

AMMA

IO 



CIMS will focus on the model 
validation/improvement of fundamental 
physical processes in monsoon regions:

Diurnal cycle, Annual cycle, ISO in relationship 
to monsoon onsets and breaks;  supercloud
cluster complex, MCCs,  shallow clouds, 
stratocumulus,  LLJs,  scale interactions and 
effects of SST (global regional, and local), soil 
moisture,  vegetation cover, snow and ice cover
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EOP-1 “Composite” Data Set Development
LBA

•Brasília
•Caxiuanã
•Manaus
•Pantanal
•Rondônia

GAPP
•Ft. Peck
•Bondville
•SGP (22 sites)

MAGS
•BERMS (3 sites)

CAMP
•Himalayas
•Mongolia (16 Sites)
•N.E. Thai
•N. S. China Sea (23 sites)

BALTEX
•Cabauw
•Lindenberg
•Sodankylä

CATCH
•Niamey
•Oueme

CEOP EOP-1 Hourly 
Surface Met, 
Surface Flux, 

Radiation 
Data Set

Gross
Limit

Checks

Merge
Hourly
Data

Visual
QC

CVT

CVT

CVT

CVT

CVT

OTHER
•NSA Barrow
•TWP Manus

CVT

CEOP EOP-1 Hourly 
Soil Heat Flux, 
Soil Moisture, 

Soil Temperature 
Data Set



Reference Site EOP-3 Data Flow
Data Source

Data/Doc Arrive at JOSS

Visual Inspection of Data and Plots
JOSS Updates 
Status Table and 
Detailed Notes

Available On-Line

Apply Auto/Manual Data/Doc Consistency Checks
Format 

Verification
Gross 
Limit 

Checks

Exact/Inexact 
Dup Records

Data/Flag/Doc 
Checks

Generate 
Flagging 
and Site 
Statistics

Merge Data



EOP-1 (Jul – Sep 
2001) Development 
(Completed Feb 2003)
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EOP-3 First Half (non-Flux) Due at CDA

EOP-3 First Half Data 
Set Development

2003

2004

2005

2006

EOP-3 First Half Fluxes Due at CDA

E
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4

EOP-3 Second Half (non-Flux) Due at CDA

EOP-4 First Half (non-Flux) Due at CDA

EOP-4 Second Half (non-Flux) Due at CDA

EOP-4 First Half Fluxes Due at CDA

EOP-3 Second Half Fluxes Due at CDA

EOP-4 Second Half Fluxes Due at CDA

EOP-4 First Half 
(EOP-3 Second Half 
Flux) Data Set 
Development

EOP-3 Second Half 
(First Half Flux) Data 
Set Development

EOP-4 Second Half 
(First Half Flux) Data 
Set Development

EOP-4 Second Half 
Flux Data Set 
Development

Reference Site Data Set Development Timeline

(1 Oct 2003)

(1 Apr 2004)

(1 Jul 2004)

(1 Oct 2004)

(1 Jan 2005)

(1 Apr 2005)

(1 Jul 2005)

(1 Jan 2006)

EOP-1 Data Received at CDA (Nov 2002)



Hydrologic data set collection
Objectives:
- To serve as validation sites for the land surface parameterizations 

in coupled land-atmosphere-ocean models, essentially at a point or 
small area scale;

- To serve as “tie points” or ground truth reference sites for remote 
sensing products

Continent site names contact comments

Africa Tensift, Morocco
Ghani Chehbouni
<irdmar@iam.net.ma>

Research focus is integrated land and water resources 
management (SudMed project)

Africa Volta/Nodwua
Nick van de Giesen
<nick@uni-bonn.de>

Research focus is drought, agriculture water resources 
management (www.glowa-volta.de). 20 sq km, soil 
moistiure, radiation,  sensible heat with a scintillometer but 
no latent.  Note:  some info already provided to EFW

Africa Volta/Ejura
Nick van de Giesen
<nick@uni-bonn.de> ditto with Volta/Nodwua.  Area 15 sq km.

Africa Volta/Navrongo
Nick van de Giesen
<nick@uni-bonn.de> ditto with Volta/Nodwua.  Area 10 sq km.

Africa Oueme CEOP (Steve Williams?)
CEOP  site.  Area of the gauged basin needs to be checked. 
Seems to be ~35000 sq km.

Australia
Yanco/Cayemba
(Murray Darling) Rodger Grayson

Focus on soil moisture, micromet installed, flux towers 
pending



Line-up  of 
the New Generation EO Satellite Data

1997 1998 1999 2000 2001 2002 2003 2004 2005

TRMM Terra

ENVISAT Aqua

ADEOS-II





New Data Sets of the Overall Water Cycle by 
Integrating the Satellite Products



CEOS/WGISS Test Facility(WTF) for CEOP

Space Agency
JAXA
NASA

EUMETSAT

WGISS

Satellite Data
Subsetting
Distribution

Support

CEOP data
Visualization
Data mining

WTF CEOP

Water Cycle Theme

CEOP Satellite Data 
Integration Center

(CSDIC)
Univ. of Tokyo, GLDAS

JAXA
NASA

Catalogue DB
Data server

ESA



WTF CEOP Approach
• WGISS Test Facility encompasses joint activities of CEOP and WGISS.

• WTF CEOP Project Plan :
– Identifies how WGISS and CEOP will work together
– Identifies CEOP points of contact to answer questions and provide 

science input on WGISS agency developed small prototypes
– Describes the data services needed by CEOP (e.g. data integration)
– Identifies potential WGISS Agency tools and utilities that can support 

some of the data services needed

• WTF Implementation Plans:
– With CEOP reps input, interested WGISS agencies identify existing 

tools that can be tailored to prototype a software capability associated 
with a data integration data service.

– WGISS agencies develop specific Implementation Plans for the 
prototypes.

– Phased approach where cycle can start again with additional 
Implementation Plans and prototypes

• Status of current WGISS agencies support for CEOP 
– JAXA (Lead WGISS Agency)
– NASA
– ESA (considering it)



Eight Numerical Weather Prediction 
(NWP) Centers, NCEP, ECPC, UKMO, 
ECMWF, JMA, CPTEC, BoM, NCMWF, 
and two Data Assimilation Center,
NASA/GMAO, NASA/GLDAS provide 
model outputs to CEOP, and CEOP 
offers a globally consistent data sets 
for model validation and calibration.

Three types model outputs are offered by NWP Centers

Model Output Location Time Series (MOLTS) at the 
reference sites: high temporal resolution time-series 
output 
Gridded Output from operational global and regional 
prediction models
Output from global and regional reanalysis





CEOP- Model Output Archive
Metadata

CEOP-Meeting, 20/21 Jan 2004, Hamburg 





MPIM CERA-2 Data Model Blocks

Metadata Entry
This is the central CERA Block,
providing information on
• the entry's title
• type and relation to other entries
• the project the data belong to
• a summary of the entry
• a list of general keywords related to data
• creation and review dates of the metadata

Additionally: Modules and Local Extensions

Module DATA_ORGANIZATION (grid structure)
Module DATA_ACCESS (physical storage)
Local extension for specific information on (e.g.)
• data usage
• data access and data administration

Coverage
Information on the volume of space-time 

covered by the data
Reference

Any publication related to 
the data togehter with the 
publication form

Status
Status information like
data quality, processing
steps, etc.

Distribution
Distribution information 
including access restrictions,
data format and fees if 

necessary

Contact
Data related to contact persons
and institutes like distributor,
investigator, and owner of 

copyright

Parameter
Block describes data topic, 

variable and unit

Spatial Reference
Information on the coordinate

system used



The First Global Integrated Data Sets of the Water Cycle
Model Outputs by 

Numerical Weather 
Prediction Centers

Surface Observational (in-situ) Data 
from the 36 CEOP Reference Sites

Satellite Remote 
Sensing Data

Data Integrating/Archiving Center
at University of Tokyo and JAXA

of Japan
http://monsoon.t.u-tokyo.ac.jp/ceop/

Global Land Data Assimilation 
System at NASA Goddard 

Space Flight Center of USA
http://ldas.gsfc.nasa.gov/

MODEL Output Data 
Archiving Center at Max-

Planck Institute of 
Germany

http://www.mpg.de/

In-Situ Data Archiving Center at 
UCAR (Center at University 
Corporation for Atmospheric 

Research) of USA
http://www.ucar.edu/



GLDAS ForcingGLDAS Forcing

atmospheric data assimilation output (top) 
vs. 

observation based (bottom)



GLDAS OutputGLDAS Output

atmospheric data assimilation output forced (top)
vs. 

observation forced (bottom)



Data Set Integration
Satellite Data Archive

Level-1B Level-2 Level-3

Data Subsetting/Distribution

Satellite-based 4D product
Re-sampling / Geo-Correction / Overlaying

Validation

In-situ 
data

Model
Products

Level-1B Level-2 Level-3

Basic Global Map

In-situ 
data

Model
Products

4DDA product
Re-sampling / Geo-Correction / Overlaying

Data Editing
Re-sampling / Geo-Correction / Overlaying

Socio-economic data sets 

visualization



In-situ
In-situ

In-situ
In-situ

satellite
satellite

satellite
satellite

satellite
satellite

satellite

CDA

CDA

CDA

In-situ
In-situ

In-situ

In-situ
In-situ

In-situ

Computing 
Power

Distributed
Integration 

Services

Data GRID 

GrADS/
DODS

for Subsets

GrADS/
DODS

for Subsets

GrADS/
DDDS

for Subsets

Computing 
Power

Computing 
Power

GrADS/
DODS

for Subsets

GrADS/
DODS

for Subsets

Centerized
Integration 

Services

model
model

model

model
model

model
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CEOP EOPCEOP EOP--1 Dataset Table1 Dataset Table



Rn H Rn H

0

20

40

60

80

100

120

140

160

180

200

7/10 7/20 7/31 8/10 8/20 8/31 9/10 9/20 9/30

ARM
(NPA)

0

20

40

60

80

100

120

140

160

180

200

7/10 7/20 7/31 8/10 8/20 8/31 9/10 9/20 9/30

0

20

40

60

80

100

120

140

160

180

200

7/10 7/20 7/31 8/10 8/20 8/31 9/10 9/20 9/30

Ft. Peck

0

20

40

60

80

100

120

140

160

180

200

7/10 7/20 7/31 8/10 8/20 8/31 9/10 9/20 9/30

0

20

40

60

80

100

120

140

160

180

200

7/10 7/20 7/31 8/10 8/20 8/31 9/10 9/20 9/30
0

20

40

60

80

100

120

140

160

180

200

7/10 7/20 7/31 8/10 8/20 8/31 9/10 9/20 9/30

0

20

40

60

80

100

120

140

160

180

200

7/10 7/20 7/31 8/10 8/20 8/31 9/10 9/20 9/30

Caxiuana

0

20

40

60

80

100

120

140

160

180

200

7/10 7/20 7/31 8/10 8/20 8/31 9/10 9/20 9/30

0

20

40

60

80

100

120

140

160

180

200

7/10 7/20 7/31 8/10 8/20 8/31 9/10 9/20 9/30

Manaus

ARM
(TWP)

0

20

40

60

80

100

120

140

160

180

200

7/10 7/20 7/31 8/10 8/20 8/31 9/10 9/20 9/30
0

20

40

60

80

100

120

140

160

180

200

7/10 7/20 7/31 8/10 8/20 8/31 9/10 9/20 9/30

0

20

40

60

80

100

120

140

160

180

200

7/10 7/20 7/31 8/10 8/20 8/31 9/10 9/20 9/30

Bondville

0

20

40

60

80

100

120

140

160

180

200

7/10 7/20 7/31 8/10 8/20 8/31 9/10 9/20 9/30

0

20

40

60

80

100

120

140

160

180

200

7/10 7/20 7/31 8/10 8/20 8/31 9/10 9/20 9/30

SGP

0

20

40

60

80

100

120

140

160

180

200

7/10 7/20 7/31 8/10 8/20 8/31 9/10 9/20 9/30

0

20

40

60

80

100

120

140

160

180

200

7/10 7/20 7/31 8/10 8/20 8/31 9/10 9/20 9/30

Pantanal

0

20

40

60

80

100

120

140

160

180

200

7/10 7/20 7/31 8/10 8/20 8/31 9/10 9/20 9/30

Northern South China Sea - Southern Japan
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(Tamagawa, Koike, Williams, 2003)



Surface fluxes of Surface fluxes of GLOBAL MODELGLOBAL MODEL vsvs CEOP ObservationsCEOP Observations
at SGP (top), at SGP (top), PantanalPantanal (middle), and Lindenberg (bottom)(middle), and Lindenberg (bottom)

COLOR KEY:
Red – observations
Blue – using OSU LSM
Green – using Noah LSM

Global model run with
newer Noah LSM
shows a larger high bias
in daytime latent heat 
flux, though better
sensible heat flux.

Forcing biases in parent
atmospheric model spur
us to consider uncoupled
results of Noah LSM in
uncoupled NLDAS in 
slides to follow.

Surface Sensible Heat Flux (W/m2) Monthly Mean 
Diurnal Cycle

July 2001

Surface Latent Heat Flux (W/m2)

(Lu & Mitchell, 2003)



GEOS3 GAPP SGP Lamont Energy GEOS3 GAPP SGP Lamont Energy 
and Radiation Comparisonand Radiation Comparison

Too much latent heat in the analysis Too much latent heat in the analysis 
leads to cold surface temperaturesleads to cold surface temperatures

(Bosilovich,2003)



Inter-comparison of 
the JMA Operational Forecasting Model Outputs 

and 
the EOP-1 at the Siberia Reference Site

(Nakamura, Matsumura, Hirai, 2003)
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Too much soil moisture in the model leads to the small 
amplitude of the diurnal cycle of the surface temperature.
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(Koike et al.,  2003)
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2003 validation time scale Gaize
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Seasonal Variation of the Soil Moisture in the Tibetan Plateu
(Koike et al.,  2003)
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Water Vapor
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Cloud top Temp.
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Soil Moisture
NDVI
Rain Rate

Cloud Fraction
Water Vapor

36N

32N

30N

(Koike, Tamagawa, Taniguchi, 2003)



Month : July        Latitude : 36N

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105

Lon (deg.)

75E Month : July        Latitude : 30N

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105

Lon (deg.)

Month : July        Latitude : 29.5N

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

75.0 76.9 78.8 80.6 82.5 84.4 86.3 88.1 90.0 91.9 93.8 95.6 97.5 99.4 101.3 103.1 105.0

Lon (deg.)

Satellite Product NCEP/Reanalysis

30N

75E

75E

105E

105E

105E

75E

75E

75E

105E

105E

105E

36N

(July, 2002)

32N

Month : July        Latitude : 35.2N

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

75.0 76.9 78.8 80.6 82.5 84.4 86.3 88.1 90.0 91.9 93.8 95.6 97.5 99.4 101.3 103.1 105.0

Lon (deg.)
Month : July        Latitude : 31.4N

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

75.0 76.9 78.8 80.6 82.5 84.4 86.3 88.1 90.0 91.9 93.8 95.6 97.5 99.4 101.3 103.1 105.0

Lon (deg.)

Month : July        Latitude : 32N

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105

Lon (deg.)

Soil Moist.

Rain Rate
Cloud Frac.
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CEOP Down Scaling Strategy by 
Models and 4DDA Schemes

Mithcell, 2000





The 8th IGOS-Partners
in Kyoto on November 8, 2001

Global water cycle theme
IGOS-P-8 meeting approves the Global Water Cycle Theme
Partners are invited to 
(i) support the preparation of a Global Water Cycle theme 
report on a priority basis;.
(ii) facilitate the development and implementation of this 
Theme report by:
a) providing necessary support, including the provision of an 
expert to lead the development of the IGWCO report through 
consultative meetings and chairing a small writing team; 
b) supporting the development of the report and the activities 
of IGWCO steering committee with the provision of travel 
support for the participation of their representatives;

Partners endorse CEOP as the first element of the IGWCO





WSSD Plan of Implementation 
in Johannesburg in 2002

Paragraph 28
Improve water resource management and scientific 
understanding of the water cycle through cooperation 
in joint observation and research, and encourage and 
promote knowledge sharing, and provide capacity-
building and the transfer of technology, as mutually 
agreed, including remote-sensing and satellite 
technologies, particularly to developing countries as 
well as countries with economies in transition, for this 
purpose.



Water and Climate 
Session Recommendations

Reverse the trend of further deteriorating in-
situ data collecting and observational 
networks
Develop comprehensive and continuous 

satellite to ground observing strategy for the 
WATER CYCLE, especially for the rainfall

Water Resources Management and Benefit Sharing

We will further encourage scientific research on 
predicting and monitoring the global water cycle.
including the effect of climate change, and 
develop information systems that enable the 
sharing of such valuable data worldwide.

Ministerial 
Declaration



Water2003 G8 Summit
…in order to achieve the goals of the Millennium Declaration and 
the Plan of Implementation of the World Summit on Sustainable 
Development (WSSD)….. We are committed to playing a more 
active role in the international efforts towards achieving these
goals, on the basis of the Monterrey consensus and building 
upon the outcomes of the Third World Water Forum and the 
Ministerial Conference held in Japan in March 2003.
4 Strengthening monitoring, assessment and research 
4.1 In collaboration with all stakeholders, we will promote co-
ordination of mechanisms for information sharing and monitoring
by utilising existing UN and other systems and the network of 
websites established at the Third World Water Forum Ministerial 
Conference, and will encourage relevant international organisations
to operate them. 
4.2 We will support strengthening water monitoring capacity in 
partner countries to complement existing monitoring efforts. 
4.3 We will support the development of mechanisms for 
collaboration in water-cycle related research, and enhance 
research efforts in this area.
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Organization (UNESCO)  United Nations Environment Programme (UNEP)  United Nations Framework 
Convention on Climate Change (UNFCCC)  United Nations Office for Outer Space Affairs  (UNOOSA)  World Bank 
(IBRD)  World Climate Research Programme (WCRP)  World Meteorological Organization (WMO)
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DECLARATION OF
THE EARTH OBSERVATION SUMMIT

in Washington DC in July 2003

• Affirmed need for timely, quality, long-term, global information as a basis 
for sound decision making. 

• Recognized need to support:
1) Comprehensive, coordinated, sustained Earth observation system 

or systems;  
2) Coordinated effort to address capacity-building needs related to 

Earth observation;
3) Exchange of observations in a full and open manner with minimum 

time delay and minimum cost; and
4) Preparation of a 10-year Implementation Plan, building on existing 

systems and initiatives
1)Framework for Tokyo ministerial, April or May 2004
2)10-year plan for EU ministerial in late 2004. 

• Established ad hoc Group on Earth Observations (GEO) to develop Plan 
• Invited other governments to join.
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