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My involvement in this ARM grant is limited to financial support covering just a couple 
of collaborative research trips each year. I did manage to co-author two papers, however, 
through this grant. 

1. Cloud optical depth retrieval from surface data 

As a continuation of work started several years ago (Marshak, Barker), more extensive 
verification of their methodology was conducted by Chiu et al. (2006). It was found that 
for inhomogeneous, but planar, clouds, use of surface fluxes and radiances at 
wavelengths either side of 0.67 microns over vegetated surfaces can be used infer cloud 
optical depths at surprisingly high spatial resolution. Barker and Marshak's second 
method that uses similar data collected from a aircraft-mounted radiometers is in the 
process of being tested using data collected during spring 2009 near the SGP site. A 
manuscript summarizing the results is likely to be submitted within the next year. 

2. Cloud optical depth retrieval from satellite data 

This study focused on the effects of three-dimensional (3-D) radiative transfer on the 
retrieval of optical depth for inhomogeneous stratiform liquid water clouds from passive 
satellite imagery. A nonparametric Bayesian classifier was developed to identify 
locations in an image where plane-parallel retrievals fail to meet the requirements of a 
criterion that dictates a specified level of accuracy. Receiver operating characteristics 
were introduced that provide useful metrics that assess the quality of the error 
identification procedure as functions of illumination-viewing geometry. By fixing droplet 
effective radii, distributions of errors for retrieved optical depth were estimated at a scale 
of 120 m. These estimates suggest the best performance that can be expected for optical 
depth retrievals when 3-D radiative transfer cannot be ignored. The developments in this 
paper were made possible through the use of Monte Carlo radiative transfer simulations 
on stratiform clouds that were generated by a cloud system-resolving model. Plane-
parallel retrievals employ the CloudSat optical depth retrieval algorithm. A paper 
summarizing these results was published (Gabriel et al. 2008). 

As a result of this study, we are examining novel approaches to radiative transfer 
simulation within ESA's EarthCARE satellite mission. 

3. 3D radiative transfer in dynamical models 

I am co-advising, with E. Clothiaux, a PhD student, Jon Petters, at PSU. Jon's thesis 
work, which is funded by this ARM grant, addresses the role of 3D radiative transfer in 
evolving cloud systems. Put more accurately, he is addressing the biases injected by ID 
transfer which is ubiquitous to CSRMs. This work involves extensive amounts of 
computing and is only possible on massive parallel systems. I have provided Jon with an 



account, through a sponsorship programme, on the SHARCNET system of computers 
which is housed at universities across Ontario. Collectively, these machines have over 
10,000 CPUs and run at roughly 40 TFLOPS. Jon has installed 3D radiative transfer 
algorithms in a CSRM and has completed several simulations involving mixed-phase 
clouds. He will be exploring the stratocumulus-to-cumulus transition which the CSRM 
community has experimented with extensively. Jon defends his thesis this month (Nov 
2009) and we expect manuscripts to be produced over the next 6 months. 
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