
Coordinated Energy and Water Cycle 
Observations Project (CEOP)

Toshio Koike
The University of Tokyo

GEO Alliances and Harmonization Workshop
Washington DC, USA, 11-12 November, 2009





Coordinated Enhanced Observing Period

Convergence of Observations 
A Prototype of the Global Water Cycle 

Observation System of Systems

Coordinated Energy and Water Cycle Observations Project

12 NWP+DA Centers

13 NWP+DA Centers

JAXA, NASA, ESA, NOAA



Center for Hydrometeorology and Remote Sensing, University of California, Irvine

MAHASRI

Regional Hydroclimate Projects (RHPs)



Coordinated Enhanced Observing Period

Interoperability Arrangement
A well organized collecting, processing, storing, 

and disseminating shared data, metadata and 
products 

Data 
Integrating/Archiving 

Center at University of 
Tokyo and JAXA of 

Japan

Model Output Data Archiving 
Center at the World Data 
Center for Climate, Max-

Planck Institute for 
Meteorology of Germany

In-Situ Data Archiving 
Center at NCAR (National 
Center for Atmospheric 

Research) of USA

Coordinated Energy and Water Cycle Observations Project



• Based on ISO 
19115 Metadata 
Standards

• Design for 
Finding and 
Integrating data

CEOP Metadata Design Meeting
University of Tokyo, 1-2 November 2004



REFERENCE SITE GATEWAY





CEOP Phase II at   ceop.wdc-climate.de

screenshot!!



WDCC / 12-

WDCC data base content of CEOP data sets



Dataset Description

Three Scales
- 250km rectangular covering each Reference Sites, 
- Monsoon Regional 
- Global Area 

Product Levels
- Level-1b: Radiance product with full resolution at 

reference sites. 
- Level-2: Geophysical product at the same resolution 

at reference sites and monsoon regions. 
- Level-3: Statistical geophysical product in space 

and/or time at reference sites, monsoon regions and 
global. (example: Monthly mean rain rate at reference 
sites, etc.) 

Metadata
- Consist of an image element and a metadata part 

element that is compliant with the ISO-19115 
metadata standard. 

Reference Sites

Monsoon Regional

Global Area



International Cooperation

Moderate Resolution Imaging 
Spectroradiometer (MODIS) and Atmospheric 
Infrared Sounder (AIRS) datasets were added 
in 2008. 

NASA MODIS Team produces subsets of 
MODIS data, while JAXA reformats and 
resamples the subsets, and prepares 
corresponding metadata. 

In 2008, Terra/MODIS datasets of EOP-4
were produced with selected products in three 
scales as same as the other CEOP satellite 
datasets. 

NASA AIRS Team produces AIRS datasets 
for CEOP

Both AIRS and MODIS datasets are archived 
in the CEOP centralized database (DIAS 
core system) located in the University of 
Tokyo, the same as the other CEOP datasets.

Overseas space agencies

ＤＩＡＳ
research group

ＤＩＡＳ
core system

Data inputData request

Acquisition and 
processing of data

Data 
utilization
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Number of Processed Scenes

EOP-3: 2002/10/1 – 2003/9/30
EOP-4: 2003/10/1 – 2004/12/31

Total   2,078,411 
Observation Period

Processed Scenes





Coordinated Enhanced Observing Period

Data Management
Distributed- and Centralized- Data Integration Functions

In-situ

satellite
satellite

satellite
satellite

satellite
satellite

satellite

model
model

model

model
model

model

UCAR

MPI

UT/JAXA

In-situ
In-situ

In-situ

In-situ
In-situ

In-situ

Computing 
Power

Computing 
Power

Distributed
Integration 

Services

GrADS/
DODS

for Subsets

GrADS/
DODS

for Subsets

GrADS/
DDDS

for Subsets

Centralized 
Integration 

Services

http://jaxa.ceos.org/wtf_ceop/

http://monsoon.t.u-tokyo.ac.jp/ceop-dc/ceop-dc_top.htm
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WTF-CEOP
Distributed Data Integration Services

Spatial and Temporal Data Integration -
In-situ, MOLTS, Satellite, Model OutputData location

•Standalone 
physical 
location
•Distributed 
sites 
reference by 
links

Data types
•Model 
output data
•Insitu data
•Satellite 
data

Data sources

Services

•Metadata keyword 
search

•Data value search

•File format 
translation

•Reprojection 

•Regridding

•Data Interpolation

Integrated datasets

Multiple files from 
individual member 
datasets

Spatial
Temporal

rectification

Spatial
Subsetting

Intercomparison
Of

Integrated 
Datasets
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JAXA Prototype: Phase 1 Status

MOLTS data plot in time series
Model Output data 

plot in 2D view 

Top Page

Satellite data 
plot in 2D view 

In-situ data in NetCDF 
format with QC flags 

QC flags Observed Data

http://jaxa.ceos.org/wtf_ceop/ Tutorial DVD
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NASA Prototype: Satellite Data Server 

NWGISS WCS

WCS Client

Satellite Data, Swath and Grid

Grads Client

Grads-DODS
Server (GDS)

Other OPeNDAP 
Clients

Field Data
Model Output

Standard Functions
e.g. subsetting

Standard Functions
e.g. subsetting
Custom Functions
(Grads)

OPeNDAPRequest Translator
Default georectification
CF Attrubute Constrtuction
Custom Requests (future)
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Integration of Satellite and Model Data







Seasonal Variation of the Soil Moisture 
Tibetan Plateau                             Africa



Land 
Surface 
Scheme

Satellite Data Minimization
Scheme

Radiative 
Transfer 

Model
Cost 

Function LDAS

GCM

Forcing

Reference 
site data

Validation
Intercomparison



Input Data High Applicability in Any Region
• LDAS-UT grid size: 0.5 degree
• Forcing

– GPCP precipitation: 1 degree
– ISCCP radiation: 2.5 degree
– NCEP reanalysis: 1.5 degree

• Leaf area index: MODIS 
• Microwave Tb: AMSR-E



OBS 1998 
NCEP

JMA

UKMO

Seasonal variation
（May - September)

Sensible（H）－
Latent(LE）－

H  RMSE
[W/㎡]

LE  RMSE
[W/㎡]

LDASUT 32.0 42.5
NCEP 40.2 68.4
JMA 32.3 79.8
UKMO 35.3 80.1

LE daily-mean ( June)

Modeled

LDASUT

LDASUT- GCMs



GCM 

Land 
Surface 
Scheme

Satellite Data Minimization
Scheme

Radiative 
Transfer 

Model
Cost 

Function

LDAS

Land surface impacts 
on prediction 

GCM 

Forcing



Use the assimilation
product as the initial 
condition

Nighttime

3 Day Prediction

Daytime

sensible 
heat flux

latent 
heat flux

surface 
temperature

Impacts of the Tibet surface initial conditions 
on the GCM prediction of the surface parameters

(UT-JMA Cooperative Research) 



FT 54 FT 60 FT 66 FT 72
Control

Anal UT Similar Rainfall Pattern 
but Stronger Rainfall Intensity  

Impacts of the Tibet surface initial conditions 
on the GCM prediction of the precipitation

(UT-JMA Cooperative Research) 



Full EOP 3-4 time series (Monthly)

• Global spatial statistics of MAC precipitation 
compared to GPCP 



CEOP EOP 3-4 Daily 
MRB Precipitation

• Precipitation is 
independent (not 
assimilated)

• In general, Models 
have different 
characters

• Most overestimate 
high rain events

• Daily spatial 
correlations highest 
in the ensemble

Analysis

NCEP

CPTECBMRC

JMAECPC-
SFM

MSC UKMO

ECPC-
RII

Ensemble

Mississippi River Basin Precipitation
G
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b) Land LH SH RLd sfc RLu sfc RSd sfc RSu sfc RLu toa RSd toa RSu toa Netsfc Nettoa Precip
BMRC 51 46 326 401 212 40 - - - 0.1 - 2.40
CPTEC 55 54 333 401 224 44 253 - 106 2.3 -15.3 2.46
ECPC-RII 87 -3 322 393 208 42 246 343.2 105 12.4 -7.5 2.81
ECPC-SFM 54 42 313 396 232 45 255 343.2 89 7.4 -0.6 1.95
JMA 53 27 301 391 219 46 260 343.1 95 1.7 -11.9 2.45
MSC 49 43 319 392 206 43 250 342.0 103 -2.6 -10.5 2.34
NCEP 65 23 322 392 208 44 249 - 101 5.8 -7.2 2.84
UKMO 58 31 328 396 196 38 240 343.4 104 1.2 -0.9 2.64
MAC 59 33 320 395 214 43 250 343.0 100 3.5 -7.8 2.48
Sdev 12.2 18.0 9.9 3.9 11.3 2.7 6.3 0.5 6.1 4.8 5.5 0.28
TFK 39 27 304 383 185 40 232 330.2 113 0.0 -15.6 -
SRB/GPCP - - 329 402 192 35 243 343.1 - - - 2.30

Global Land Energy

• Model data are for Jan 2003-Dec 2004
• MAC ensemble average based on 6 hourly means (not the average of global values)
• Sdev is the standard deviation of the models global values
• TFK - Trenberth, Fasullo and Keihl (2009, BAMS)
• P in mm/day, others W/m2
• SRB/GPCP 2003-2004, as in the models, TFK for Mar00-May04, GRFA due soon



Global Model

NWPCs/ACs
NCEP,JMA
ECPC,BoM
UKMO,CMC 

ECMWF 
CPTEC 
NCMWF

EPSON MET
GMAO GLDAS

Regional Model

Land Surface Model/LDAS

H
A
P

extreme

webs

aerosolisotope

cross-
cutting

monsoon

cold

semi-arid

high-
elevation

Reference 
Sites

River basins

NCAR/EOLWDC-C
MPI-M

Satellite 
data
CEOS
JAXA
NASA
ESA

NOAA
EUMETSAT

WGISS
WGCV

UT&JAXA

DATA INTEGRATION & ANALYSIS
Distributed System

WTF-CEOP
Centralized System

U. Tokyo

Global
Dataset
Projects

Societal 
Benefits
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