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Global data assimilation is as simple as grilling a fish
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Outline
• Data assimilation context
• Global scale data coverage
• The Gridpoint Statistical 

Interpolation (GSI) method and its 
applications
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European Centre for Medium Range Weather Forecasting

In John Derber’s (NCEP) words: - “Over 1.43B observations received per 
day but over 7M observations per day used”.
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National Polar-Orbiting Operational Environmental Satellite System (NPOESS) 



About OSEs see ESRL Theme presentation on 7th June 2007 and present poster by Tom Schlatter



BASICS OF GSI 
HISTORY OF GSI

• The GSI system was initially developed as the next generation global analysis 
system at NCEP – standard reference:
- Wan-Shu Wu, R. James Purser, David Parrish, 2002: 

ThreeThree--Dimensional Dimensional VariationalVariational Analysis with Spatially  InhomogeneousAnalysis with Spatially  Inhomogeneous
CovariancesCovariances. Mon. . Mon. WeaWea. Rev., 130, 2905. Rev., 130, 2905--2916.2916.
- Based on former Spectral Statistical Interpolation (SSI) system.
- Replaced spectral definition for background errors with grid space 

defined recursive filters.
- Horizontally, the global domain is divided into three pieces so that efficient

spatial recursive filters can be used to spread out the information from the  
observation locations.

- After having initial GSI available decision was made to develop it into a 
unified (single) global/regional analysis system.

- Modifications were made to fit into WRF and NCEP infrastructure.
- Evolution to ESMF.

IN ITS PRESENT FORM GSI IS A 3-DVAR. 

EXTENSION TO 4-DVAR IS UNDER WAY.





GSI SCIENTIFIC ADVANCEMENTS

• Inclusion of new types of data
- COSMIC GPS – radio-occultation
- Radiance data

- SSM/I and SSM/IS radiances
- NASA instruments form AQUA, TERRA, CHEM
- NPOESS and METOP (=European NPOESS, Meteorological

Operational Satellite Programme)
- Next generation geostationary satellite

- Doppler radial velocities and reflectivities
- Precipitation observations
- Cloud observations
- Ozone observation
- Inclusion of other atmospheric chemistry related data



GSI SCIENTIFIC ADVANCEMENTS

• Improved specification of observational errors
- situation dependent representativeness errors

• Advanced data assimilation techniques
- situation dependent background errors
- anisotropic background error correlation instead of isotropic ones
- generalization to 4-dimensional variational assimilation (4-DVAR)
- improved balance constraints

• New analysis variables
- Sea Surface Temperature (SST)
- Clouds
- Aerosols
- Precipitation
- Constituents



Present uses of GSI at ESRL

• In regional forecasting including now real time Rapid 
Refresh (RR) system at ESRL GSD (GSI is 
operational in NCEP’s global data assimilation 
system (GDAS) since 1 May 2007). See also ESRL 
Theme presentation on 4th October 2007.

• In Observing System Experiments (OSEs) and 
Observing System Simulation Experiments (OSSEs) 
including ongoing experiments with participation of 
ESRL. See also ESRL Theme presentation on 7th 

June 2007 and present poster by Tom Schlatter.
• In regional on-line chemical data assimilation 

including preliminary ozone and particle matter 
assimilation works at ESRL GSD.



Conclusions
• GSI has been introduced into ESRL’s computer 

system but global scale application requires even 
more computing power.

• For any real time global scale application of GSI at 
ESRL global scale data coverage must be provided.

• Expertise in satellite data processing is crucial for 
global scale data assimilation. 

• Present GSI framework is not the only possible one 
for global scale data assimilation. Enjoy next talk 
about Ensemble Kalman Filter works at ESRL.



European Centre for Medium Range Weather Forecasting



Satellite information by number of sources at ECMWF – over 50 types at present



GSI global analysis results at ESRL 
Example of 28 October 2005

Divergence                                                    Vorticity

Tracer-2



GSI Test over Global Domain
512x256 quasi-Gaussian grid, 64 sigma levels. Topography:



GSI Test over Global Domain
GFS forecast background. Conventional and satellite obs.

Zonal (u) component of wind on sigma level  40  sigma = 0.10777

Date:

21 Sep 
2004 

00UTC





Anisotropic filtering in GSI
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