
The General Idea 
•  If reflected sunlight hits clouds and 

aerosols instead of the surface, the 
photon path length is shortened. 

•  This path shortening is imprinted on 
the O2-A band spectrum and 
indicates there is likely a cloud or 
aerosol layer present.   

•  We used CALIPSO measurements to 
validate the OCO-2 cloud screener 
and investigate where there is 
agreement and disagreement. 
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Conclusions 
•  Generally, OCO-2 identifies high CALIPSO optical 

depth scenes as cloudy and low optical depth scenes as 
clear. 

•  For cloudy CALIPSO scenes, OCO-2 correctly 
identifies the vast majority of high clouds. 

•  For cloudy CALIPSO scenes, OCO-2 misidentifies 
~40% of low clouds.  This confirms earlier simulation-
based results for the first time with real data.  
•  But… other work has shown that OCO-2 can filter 

out most low clouds using addition cloud 
information from its CO2 bands. 

A Comparison of Cloud and Aerosol Measurements from                        
OCO-2 and CALIPSO  

Key Questions 
1. Where do OCO-2 and CALIPSO 
agree and disagree on where there is a 
cloud or aerosol layer? 
2. Does OCO-2 have problems 
detecting certain types of clouds? 

Introduction: What are 
CALIPSO and OCO-2? 
•  CALIPSO and OCO-2 are two 
satellites in the NASA Afternoon-Train 
•  CALIPSO measures the vertical 
distribution of clouds and aerosols while 
OCO-2 measures carbon dioxide 
•  OCO-2 has three spectrometers which 
measure different wavelengths of 
sunlight 
•  One of the spectra, the oxygen-A band 
(O2-A Band), is used as a “cloud 
screener” to try and remove clouds and 
aerosols, which can contaminate OCO-2 
measurements 
•  O2-A band cloud-detection output can 
be compared to CALIPSO data in order 
to examine its fidelity. 
 

Figure 2:  
•  Where the cloud flag equals zero, OCO-2 has 

identified the scene as clear 
•  Where the cloud flag equals one, OCO-2 has 

identified the scene as cloudy 

Figure 1: ~650,000 co-located OCO-2 and 
CALIPSO measurements within 5 km. 
"

Methodology & Results 

Co-located Measurements 

CALIPSO Optical Depth 

Figure 4:  
•  Simulations from O’Dell et al. 2012 are shown. 
•  This is the first time that this simulation-based 

result has been confirmed with real data. 

Previous Simulated Results 

•  We used ~650,000 co-located OCO-2/CALIPSO measurements from May 2015 in our 
analysis 

•  We compared the OCO-2 cloud screener to CALIPSO optical depths 

Figure 3: 
•  High CALIPSO optical depths indicate clouds 

or aerosols.   
•  At high optical depths the percentage of scenes 

OCO-2 identifies as clear is low (~20%).   
•  At low optical depths the percentage of scenes 

OCO-2 identifies as clear is high (~70%).   
•  This shows agreement between OCO-2 and 

CALIPSO. 

Single Orbit 
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 Future Work 
•  Does the performance of the OCO-2 cloud screener have a 

solar zenith angle dependence? 
•  Does OCO-2 have more difficulty with ice vs. water 

clouds? 
•  What is the optical thickness limit for high clouds that 

OCO-2 can detect?  Theoretical studies indicate it can sense 
clouds with extremely low OD (< 0.05). 
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Fig. 6. (a) Distribution of cloud plus aerosol optical depth (AOD)
for the synthetic orbits (solid line) and fraction of scenes identified
as clear by the cloud screening algorithm (dashed and dotted lines).
The dashed line shows the result for the operational thresholds,
while the dotted line shows the result when the |1Ps,cld| thresh-
old is tightened to 10 hPa. (b) Same as panel (a), but only shows
those cases where 95% of the AOD resides in the upper 40% of the
atmosphere (high clouds). (c) Same as panel (a), but only shows
those cases where 95% of the AOD resides in the lowest 30% of
the atmosphere (low clouds).

“false positives”; they are classified as clear but have true
AOD> 0.3.
The cloud screening performance is dramatically different

for low cloud versus high cloud cases. Figure 6b (c) shows
the histograms of AOD for high (low) cloud or aerosol cases,
in which 95% of the AOD resides in the top 40% (bottom
30%) of the atmosphere. The high cloud cases have been
considered by many authors to be the most problematic (e.g.,

Table 5. Simulations and retrieval configurations used in this work.

Test Simulation Type Retrieval Prior Meteorology

1 clear-sky, noiseless Clear Truth (ECMWF)
2 clear-sky, noiseless Standard Truth (ECMWF)
3 clear-sky, with noise Standard Truth (ECMWF)

4 all-sky, with noise Clear Truth (ECMWF)
5 all-sky, with noise Standard Truth (ECMWF)
6 all-sky, with noise Standard NCEP

O’Brien and Rayner, 2002; Aben et al., 2007), however it
is seen that the cloud screening performance here is reason-
ably good. Virtually all high cloud cases with AOD> 0.3 are
classified as cloudy, and virtually all cases with AOD< 0.1
are classified as clear. By contrast, almost all low cloud
cases with AOD< 1 are classified as clear, as are more
than half of cases with AOD> 1. Most of these are water
cloud cases, and they occur disproportionately at higher so-
lar zenith angles.
It will be shown below that both thin high clouds and

thicker low clouds cause problems for the XCO2 retrieval.
This problem can be partially mitigated by simply tighten-
ing the surface pressure threshold to |1Ps,cld| < 10 hPa, as
shown in the dashed lines in Fig. 6. This reduces the rate of
false positives from one in three to about one in five. This
tighter threshold will be imposed as a posterior requirement
in Sect. 3.3.3.

3.3 Synthetic retrieval tests

We now test the ACOS algorithm performance using
6522 land-only, synthetic GOSAT soundings. To evaluate
the retrieval error, one must use the averaging kernel to con-
struct the ideal CO2 profile uak that can be retrieved (Rodgers
and Connor, 2003):

uak = A utrue + (I � A) ua, (9)

where A is the full averaging kernel matrix, utrue is the true
CO2 profile, ua is the a priori CO2 profile, and I is the identity
matrix. Then the error in XCO2 is given by

XCO2 Error = hT

�
û � uak

�
, (10)

where û is the retrieved CO2 profile. In all discussions that
follow, the XCO2 retrieval error has been evaluated in this
manner.
Six types of retrieval experiments were performed, which

utilized three different types of simulations as well as three
different retrieval configurations. These are outlined in Ta-
ble 5. Some tests used clear-sky simulations without (tests 1
and 2) or with (test 3) instrument noise added to the radi-
ances, while others used all-sky simulations with instrument
noise (tests 4–6). Some tests used a clear-sky retrieval (tests 1
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    Figure 5:  
•  For cloudy scenes (τ >1.0), OCO-2 incorrectly thinks it is 

clear ~40% of the time for low clouds 
•  OCO-2 rarely misidentifies high clouds"

Both agree 
that it is 
clear! 

Both agree 
that it is 
cloudy! 


