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How FAB applies satellite information to 
several problems related to aviation

• Clouds (including 
fog)

• Water vapor 
• Over-Ocean Weather

How does this data get into a 
forecast model?

•Assimilation into the Local 
Analysis and Prediction System 
(LAPS)
•Direct data assimilation
•Gradient assimilation
•Spatial gradients (data with bias)
•Temporal gradients (fog 
forecasting)

Satellites currently provide 
LAPS w/ information on:

OAR/ESRL/GSD/Forecast Applications Branch



FAB Satellite Strengths

• The quantification of water vapor and cloud types, location and      
amounts can be employed in a number of aviation-relevant problems:

– variational assimilation of gradients in time and space
Birkenheuer, D., 2006: The Initial Formulation of a Technique to Employ Gradient Information in a 
Simple Variational Minimization Scheme, OAR-GSD Tech Memo - 32, 22pp. 

– bias correction
Birkenheuer, D.L., S. Gutman, S. Sahm, K. Holub, 2008: Devised scheme to correct GOES bias in 
GOES operational total precipitable water products. OAR-GSD Tech Memo-34, 18pp.

– cloud top locations and type (includes fog)
Albers S., J. McGinley, D. Birkenheuer, and J. Smart 1996: The Local Analysis and Prediction 
System (LAPS): Analyses of clouds, precipitation, and temperature. Weather and Forecasting, 11, 
273-287.

– cloud microphysical properties (work in progress)

OAR/ESRL/GSD/Forecast Applications Branch



Current Areas of Development

• Cloud microphysics and CRTM relationships

• Polar radiance assimilation using the GSI

• Cal/Val of satellite moisture with GPS-met

GOES-N Series Model

OAR/ESRL/GSD/Forecast Applications Branch



LAPS Satellite Model-generated images

• Experimenting with synthetic cloud imagery with 
the goal of identifying cloud location and type from 
GOES or polar platforms

• Using both WRF and GFS primarily for synthetic 
radiance computation

• Examining relationships between CRTM and cloud 
microphysics.  Collaborating with CSU staff using  
cloudsat and other data

OAR/ESRL/GSD/Forecast Applications Branch



GOES channel 4 (11u) synthetic 
image from GFS.  Gulf of Mexico 
region, you can see the warm part 
of Mexico and TX.  Cold cloud 
over the north part of the domain 
over the CONUS

Synthetic AVHRR microwave for 
same scene on left over the Gulf

Synthetic Satellite Radiances

OAR/ESRL/GSD/Forecast Applications Branch



Observed IR 3.9 micron

~6/13/02 00h (GOES)

WRF modeled IR 3.9 micron 
(24h forecast !)

Valid 6/13/02 00h (GOES)

Still a work in progress, cloud 
microphysics are not well 
represented in CRTM

OAR/ESRL/GSD/Forecast Applications Branch



Goal

• Match synthetic clouds with image data

• Learn how to improve synthetic images 
accounting for cloud microphysics

• Direct assimilation of cloudy radiances

OAR/ESRL/GSD/Forecast Applications Branch



Gradient Assimilation

• Increases detail to satellite scale

• Eliminates satellite bias

• Can be included in a variational system 
mathematically 

• Gradient structure forced to fit with other 
data observations.

OAR/ESRL/GSD/Forecast Applications Branch



Gradient Variational Assimilation better than Radiance DA

Traditional assimilation Gradient assimilation



Presentation Summary

Main roles of satellite data are currently:

- Data acquired over regions lacking 
conventional data (oceans)

- Cloud detection/characterization/weather
- Convection (establishes implied vertical 

motions for hotstart and balance 
computation) discussed in other FAB 
presentations!

- Water vapor information

OAR/ESRL/GSD/Forecast Applications Branch
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