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Differen,al op,cal absorp,on  
spectroscopy (DOAS) at  
high spectral resolu,on 

From: Min Q.-L., L. C. Harrison, P. Kiedron, J. Berndt, 
and E. Joseph, 2004: A high-resolution oxygen A-band 
and water vapor band spectrometer, J. Geophys. Res., 
109, D02202, doi:10.1029/2003JD003540.
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I(ν)I0=exp[−σνnL]

known/not:   
? √ √ estimating molecular cross-sections in the laboratory

√ ? √ monitoring amounts of chemical effluent in situ

√ √ ? scattering/reflection diagnostics of media permeated with gas
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OCO-2’s fundamental DOAS problem 
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Tasks/Goals  
1) Understand OCO‐2 cloud screening process in sufficient detail to 
make recommenda1ons for an improved (but s1ll simple) 
algorithm that will catch low‐level clouds with moderate op1cal 
depths in preprocessing stage. 

2) Evaluate the impact of 3D RT effects of cloud edges on OCO‐2 XCO2 
retrievals in neighboring cloud‐free pixels; explore the op1ons of 
further screening or correc1ng this cloud adjacency effect; make 
recommenda1ons, if necessary, about extending the cloud mask 
to their zone of “radia1ve influence” and/or about the explora1on 
of mi1ga1on strategies. 

3) Evaluate the impact of spa1al variability of aerosol and surface on 
CO2 retrievals under the large viewing angles used in target mode; 
perform a cost/benefit analysis of implemen1ng mul1‐angle (and 
possibly mul1‐pixel) algorithms; make recommenda1ons about 
how to best use these valida1on exercises.  6 





TOA 

In-cloud (multiple) scattering mimics effect of height!  

Task #1: Low/moderately opaque 
cloud screening problem 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surface 

low-level  
cloud/haze 

Possible remedy: If passed with albedo α too high, use still simple RT (w/ 
scattering layer)  retrieve {τc,Player}, given Psurf from ECMWF and α from 
climatology.  If {τc,Player} in problem zone, and χ

2 is reasonable, then eliminate 
from further consideration.   
Note to self: use temporal Green function/impulse response of cloud/haze. 

Looks like  
brighter surface! 



Task #2: Cloud adjacency problem 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TOA 

surface 

bright (high ττc) cloud 

cloudy pixel cloud-free pixel 

Considering clear pixels near cloudy ones, surface albedo α 
and XCO2 will be biased high (due to extended paths) on sunny 
side of cloudy pixel; see schematic.  On shady side of cloud, α 
will seem low and XCO2 will again seem high. 



Task #2: Cloud adjacency problem 

 

Possible remedy: 

Use simple or realistic (stochastic or LES-based) cloud models 
to drive a 3D vector RT model.  Confirm sign and quantify 
magnitude of anticipated biases.   

Define extended cloud mask to eliminate apparently clear pixels 
near clouds from further consideration. 10 





Task #3: Aerosol and/or surface 
spa,al variability in target mode 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Aerosol density variations 

Aerosols fluctuate as in a typical turbulent 
PBL: Gamma PDF, power-law (spatial) 
wave-number spectrum 

85o fore 

85o aft 

nadir 

Gas: 100%  90% (typical of H2O) 
CO2: much less 

Simplified RT: 1 reflection or 1 scatter 
(SZA 60̊, AOD 0.25, sfc albedo 0.15) 

These are spectra! 





Summary & Outlook 

• Success in three aspects of OCO‐2 mission is 
threatened by unaccounted spa,al variability 
effects, all involving atmospheric scaLering: 

1. Low/moderately opaque clouds can escape the 
prescreening by mimicking a brighter surface. 

2. Prescreening does not account for long‐range 
radia,ve impact (adjacency effect) of nearby 
clouds.  Need for extended cloud masking? 

3. Oblique looks in target mode are highly exposed to 
surface adjacency and aerosol variability effects. 

• We’ll be covering all three bases! 
13 



Thank you!               Ques(ons? 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