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532 nm Total Attenuated Backscatter, km™ sr' UTC: 2007-09-20 18:14:08.2 to 2007-09-20 18:27:36.8 Version: 3.01 Nominal Nighttime

« CERES (MODIS) misses most of

the super-thin clouds with OD <
0.3.

Altitude, km

« 25% of missing clouds are ice
clouds with OD < 0.3.

« 75% of missing clouds are water
clouds with OD < 0.3.

Total attenuated backscatter at 532nm from CALIPSO lidar

Historically, super-thin clouds cannot

be detected by any passive - not much chance for reliable
instruments, including the 1.38 pm detection. _
channel technique. - difficult to make a retrieval.

b lid d (Minnis et al., “Improvement of Passive Sensor
Space- orne lidar can detect some Retrievals of Cloud Properties Using Surface and

of them, but still issues involved. Satellite Lidar-Radar Datasets”, 4th Pan-GCSS
Meeting, Toulouse, France 2-6 June 2008.)

Passively detecting super-thin
clouds is an impossible mission?
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12-month Super-Thin-Cloudy CERES FOVs Distribution
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Failed to detect super-thin clouds, NASA AIRS satellite measured
SSTis ~10K lower than actual values.



Effect of Super-thin Clouds on MODIS Aerosol Product
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A new concept to detect super-thin clouds

Transmitted light’s angle of linear polarization (AOLP)
tells the target is quartz or diamond

electric tield component

To detect super-thin clouds, we use a similar principle,
except that our polarizer is Earth surface and atmosphere,
our target is atmosphere.

e
7%& Principal Plane Polarimetric Scanner (PPPS)
= onsmall satellite




Observation and modeling of reflected solar polarization

Any arbitrarily polarized incoherent radiation can be
represented by the linear sum of an unpolarized part
and a 100% polarized part as

| =yQ?+U2+V? = DOP-|

., =1-1Q?+U?+V? =(1-DOP)- |

unpol
7 JQ2+U 24y 2
P :":L’/ DOP — | — I pOl / I
: U
tan(2AOLP) = 6

An airborne or space-borne polarimeter can
measure Stokes parameters |, Q, U, and V.

The adding-doubling radiative transfer model
(ADRTM) can model I, Q, U, and V.
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Comparison of ADRTM results with PARASOL data
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A layer of super-thin cirrus added in the ADRTM
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Reflection Coefficient n2/nl=3/2

Plausible explanation of
clouds’ AOLP pattern
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A novel technique for detecting super-thin clouds

P-polarizatign feature of clouds (ice)
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P-polarization feature of clouds (liquid water)
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P-polarization feature of ice clouds (Tropics
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P-polarization feature of water clouds as a function of optical depth
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How to retrieve the optical depth (OD) of the super-thin clouds?
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has little dependence on ocean
surface when clouds’ OD > ~0.1.

OD= f ™[I, cos*(AOLP)]

| 5 is polarized reflectance
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Conclusion

*Up to 50% of MODIS-derived clear-sky scenes are actually covered by super-thin clouds.
*The angle of linear polarization (AOLP) of reflected sunlight is a robust indicator of any
clouds, even if they are super-thin and at low altitude.

* This method could tremendously impact the remote sensing of ocean surface temperature,
aerosol, gases, and the modeling for climate change.

*This concept could lead to a small satellite mission for ocean/atmosphere remote sensing.
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