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A spatial pseu@&@l@mﬁmzer Is inserted W > 532 |
into the 532 nm optical path upstream of the
polarization beam splitter (Figure 5.1). Laser T\
Insertion of this device results in a randomly D:;g:‘a“:fzer \
polarized backscatter signal, and thus moves into path for e
nominally equal optical power is directed Tl e i
into the detectors for the two orthogonal ||
polarization orientations, regardless of the
target Dbeing measured. Inserting the —

An Essential Calibration

pseudo-depolarizer allows the relative | | B
Coefficient Required for ALL

¥/\

sensitivity of the two 532 nm receiver Laser N Requireda ic
channels to be determined. The ratio of the Backsoatter Geophysical Variables
two detection channel signals is called the 7 |"fersos. Derived from CALIOP’s 532

Polarization Ge’ g= ~GR) nm measurements
\

\

Figure 2.2 Functional block diagram of

CALIOP
https://www-calipso.larc.nasa.gov/resources/pdfs/PC-SCI-201v1.0.pdf
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An Unexpected Discovery

CALIOP PGR Varies Diurnally And Seasonally

PGR Extended Ops: November 22-25, 2016
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PGR Extended Ops: August 1-5, 2017
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For the first 10+ years of the CALIPSO
mission, PGR  pseudo-depolarizer
calibra-tions were conducted during
night orbit segments only and the
relative gain of the two receiver
channels was ASSUMED to be
diurnally invariant.

Beginning in November 2016, periodic

day-time pseudo-depolarizer
calibrations are now made to track
diurnal PGR changes. Day-night
dlfferenfe@ EXS bW D6 ey QBN g0 rder
of X3% a ~7% (day higher).
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PGR Extended Ops March 8- 11 2019
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achieving daytime PGR uncertainties commensurate with prior nighttime values requires averaging




Liu et al.,

2004: Validating lidar depolarization calibration using solar radiation scattered by ice clouds,

IEEE Geosci. Remote Sens. Lett., 1, 157-161, https://doi.org/10.1109/L GRS.2004.829613.

The solar background radiation measured
above dense ice clouds is essentially
unpolarized, due to multiple internal reflections
within the ice crystals and the multiple
scattering that occurs among these particles.
By using an approach pioneered by Liu et al.
(2004), we can derive PGR estimates using the
ratio of  CALIOP’s polarization-sensitive

background measurements acquired above
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Liu's method was developed using airborne
measure-ments acquired at 1064 nm, where
molecular\scattering contributions to the above-
cloud background ‘signals are ‘negligible. But
because the-_polarizing' ~characteristics of
molecular scattering at 532 nm cannot be
neglected, the CALIOP implementation of Liu’s
method accounts for molecular contributions via
a look-up table created using a polarization-
sen5|t|ve radiative transfer model (Zhai et al.,
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— V4.1 Daytime and Nighttime

erived from pseudo-depolarizer —— V4.5 Nighttime

measurements

¢  Extended Ops PGR Calibrations -
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daytime pseudo-depolarizer
'_A, , measurements used to scale solar
..'F.L backgraunhd estimates
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new daytime PGR estimated using

solar background signals measured
above dense ice clouds (Liu et al.,

mission mean
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A A ratio (red/blue) =

2004 ] . " i
B ) corrected nighttime PGR v Nk
| | | calculated using pseudo- | | v |
2008 2010 2012 depg@glzer call%qglons 2018 2020 2022

Mission Data Date

Daytime PGR estimated from CALIOP parallel and perpendicular channel RMS baseline measurements
acquired above opaque ice clouds with top heights higher than 6-km. Each data point represents the mean
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reating ous Record of PGR Change

i‘ rn | The transition between the stable, near-constant nighttime PGR and the
A much does not occur instantaneously. Based
on an assess-ment of the five extended time PGR calibrations
accumulated to date, the transition period between stable states lasts
L | approximately 585 seconds. To characterize the variability of the PGR
[ N P . | throughout an orbit we use a piecewise linear approximation, as
illustrated by the red dashead line in the figure below. As in all previous
data releases, the PGR is held constant at night, using the most recent

0 e <0 20 o 20 40 e s  PGR estimate obtained from the standard nighttime only PGR calibration
Latitude (°) PGR Extended Time Calibrafion, 18-21 May 2018
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Daytime values are assignedolo%ryatlomsg | | - p— ‘d
partitioning the into_ three segments. %] \ +ny<§$§§§?£>’ i
The first extends 585 secends forward in o "7 T - = VA5 (interpolated) |
time from the night-to-day minator, &1os- .
and the third extends 585 s nds 5105~ night-to- day-to- l
backward in time from the day-to-nig = - day ; ‘ night i
terminator. The PGR is held constant % term'”ato\ ) ‘ /erm'”at” ]
throughout the center segment (#2) at }_%1_02 /' 1 |
the Liu’s method value calculated for & ! \ |
the data acquisition date. PGRs in ' gl X EE S S S
daytime segments 1 and 3 are then T -1 2 |3 i
linearly interpolated as a function of %% » - p - - 0o 105 120 135 150
time between the segment end points Elapsed Time (minutes)

and the segment 2 Liu’s method value.



CALIOP PGR Corrections: Take Home Message for Data
Ugnre

By happenstance, the high biases in the
PGR used in all CALIPSO data releases
prior to version 4.5 are largely consistent
with the revised daytime PGR estimates,
hence daytime changes in 532 nm
attenuated backscatter coefficients (B'ss,)

and volume depolarization ratios (6,) will

generally be insignificant. At night,
previous PGRs are biased high relative to
the corrected values, leading to

underestimates (ranging from ~3% to
~6%) In nighttime &, and small
underestimates (less than 1.5%) in

nighttime f’.;,, with relative differences

varying as a func %Rf j For both

quantities, V4,55 IW |0pe slightly
higher than in V4.2
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CALIOP PGR Corrections: Take Home Message for Data
Level 2 demo: relative change inUo?)%Eél depth (T_) as a function of PGR

X (2) X ()
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CALIOP PGR Corrections: Take Home Message for Data
Level 2 demo: relative change irUcr':p%E%I depth (T_) as a function of PGR
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CALIOP PGR Corrections: Take Home Message for Data
Level 2 demo: charactdrlstitisSof opaque water clouds

integrated volume depolarization 0.46
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