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Observing System Simulation Experiments (OSSEs)

Source: http://www.nar.ucar.edu/2008/ESSL

Schematic description of OSSEs

http://www.nar.ucar.edu/2008/ESSL


OSSE and Data Assimilation

Conventional data assimilation vs. OSSE

Data assimilation using real observations

True atmosphere is sampled by imperfect instruments
DA system can only be validated using sparse data such
as radiosonde and dropsondes
Real observations are only available from current instru-
ments

Data assimilation using OSSEs

Observations are simulated from a high-resolution NWP
model known as ”Nature run” using a forward model
DA system can be easily validated since the true atmo-
sphere (the ”Nature run”) is known
Observations can be simulated for any future instruments
as long as the forward model is available
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OSSE and Data Assimilation

Application of OSSEs

investigate the impact of future instruments on the
weather forecast and data assimilation

evaluate different data assimilation techniques since the
truth is well known

examine the impact of any future gap in the weather
satellites

investigate the impact of new data types on weather
forecast and data assimilation

OSSEs can be used for many other applications such as
product retrieval, satellite data bias correction, etc.
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The Community OSSE System
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The Community OSSE System

Main features of the Community OSSE System

A comprehensive system integrating forward model, data assim-
ilation and post-processing tools in one system

Fully sub-version controlled, open-source, and integrated (e.g.,
all NCEP LIBs can be now compiled using one Makefile)

Flexible that can be used to simulate different observations using
different NRs

All components (the OSSE Package, GFS, GSI, and post-
processing tools) are fully tested on several HPCs

Easy to compile and run, a simple ./run osse YYYYMMDD
command will run all the components in sequence and controls
the queue jobs
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The Community OSSE System
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The Community OSSE System

Random noise addition

Assimilation 
using GSI 

Real 
observations 

Perfect 
Simulations 

σo
2[O – B] 

σs
2[S – B] 

Assimilation 
using GSI 

Random Noise =  
√σo

2 - σs
2  

For satellite radiances, the noise is added independently
for each channel with no correlation

For conventional data, the random error is added sepa-
rately for p,t,q,v and stratified by layers

The GPS-RO random error is added separately for bend-
ing angle and refractivity
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Simulated Observations

Observed versus simulated satellite radiances

Real Observations

200 210 220 230 240 250 260 270 280 290 300
K

Perfect Simulations

200 210 220 230 240 250 260 270 280 290 300
K

Real observations (left) versus simulated observations (right)

S-NPP ATMS channel 14
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Simulated Observations

Perfect simulations versus noise-added simulations

Tb's for MHS_METOP- chan. 3

216 222 228 234 240 246 252 258 264
K

Tb's for MHS_METOP- chan. 3

216 222 228 234 240 246 252 258 264
K

Perfect simulations (left) versus noise-added simulations (right)

Metop-A MHS channel 3
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Simulated Observations

Perfect simulations versus noise-added simulations

Tb's for AIRS281_AQU chan. 22

208 212 216 220 224 228 232 236 240
K

Tb's for AIRS281_AQU chan. 22

208 212 216 220 224 228 232 236 240
K

Perfect simulations (left) versus noise-added simulations (right)

AQUA AIRS281 channel 22
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Future Plan and Timeline

Planned enhancements

Orbit simulator Simulating cloudy observations
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Future Plan and Timeline

Timeline for releasing the Community OSSE System

Community OSSE System

2015

1 2 3 4 5 6 7 8 9 10 11 12

Version 1

80% completeRad,RO,Con,DA,IAT

Final Version

0% completeRadTrack, OrbSim

20% completeNewNR,CloudyRad
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Conclusions

First version of the Community OSSE System will be
released in early June 2015

Future improvements include adding radiosonde tracks,
orbit simulator, cloudy radiances, and new NR

The Community OSSE System will open a new window
for practicing operational data assimilation

The Community OSSE System not only a great tool for
research but also a classroom educational tool

Several challenges such as adding systematic errors to
satellite radiances remain unsolved
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Thank you for
your attention!
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