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l. Introduction and Method

Lidars with polarization capabilities have recently been incorporated into the
Micro Pulse Lidar Network (MPLNET; http://mplnet.gsfc.nasa.gov) which
allows, for the first time, the abllity to infer a cloud thermodynamic phase.
Cloud retrievals from the NASA MPLNET (Lewis et al., 2016) and
thermodynamic profiles from the Goddard Earth Observing System, version 5
(GEOS-5; http://gmao.gsfc.nasa.gov/products) are used to distinguish liquid
water, mixed-phase, and ice water clouds based on the volume depolarization
ratio (8) and its uncertainty (Ad) and the cloud top temperature (T,,,).
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The Micro Pulse lidar alternates between two modes, transmitting either
linear or circularly polarized light and uses a single detector to identify
depolarizing particles (Flynn et al., 2007).

Cloud thermodynamic phase Is determined solely using temperature for
layers with cloud top temperatures above 0 °C (liquid) and below -37 °C (ice).
Polarization measurements are used to determine the phase for layers with
cloud top temperatures in the range of -37 °C to 0 °C by first assigning a
cloud phase diagnostic (CPD) for each altitude bin within the cloud layer.

To account for effects of multiple scattering, the search for ice-containing bins
IS limited to within a depth, 4z, which is determined by the transmittance
within the cloud layer.
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|l. Results

il "
mﬂtl\w" g

Altitude (km)

Altitude (km)

Altitude (km)

M I [] | | |
: N R \ \
L
\ A W ‘
| ‘ \ ‘\ *}“ | \ | |
| J ‘?‘ L"“\" |
DO TRRAT J Y
| ML |
[ | \ " |
1.33
0.67
— V= S 0.00
: i
1
iy |
| Ul E

1 gt ATl el o fifh
| i ! 'f \‘I i \ "II
| i i r '\."‘"‘:‘l L "“‘,
| | ! I ' | "‘ i n‘ ‘! b | ! ‘I |
U .‘ 4 i ﬂ'\‘ j
i IR L W
; albe & ., |
1 . ‘n-a‘l H“l L | ) ! ‘;
|\I '”I|Il I " h
| i i ol I’ b o
N Yo 1
\" 1 b U] ‘ i
' ! ) A
f
g 0
| 'I‘ l b 1/)
J‘- |"”I| | JJ
e T
T =

i 4.00

- 3.33
- 2.67

- 2.00

50%

1 10%

paxiN  paulwialapun

nbi

|||||||‘Ii

o

T

o

o
o_
=)
S

i_-—g;

Y )

00:00 : 23:59 23:59
12/02/2017 12/03/2017 12/03/2017 12/04/2017

The example above shows a three-day period at the NASA GSFC site. The
temperature contours are from GEOS-5. The dashed contour line indicates
the -37 °C ice threshold suggested by Sassen and Campbell (2001) for
detection of cirrus clouds.

The distributions of the volume depolarization ratio and CPD for each
altitude bin and cloud top temperatures for each cloud layer detected at

GSFC (01 Jun 2016 — 30 Nov 2017) are shown In the figures and tables
below. Vertical dashed lines indicate thresholds used to determine cloud
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thermodynamic phase.
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11l. Evaluation

Following the work of Tan et al. (2014), the supercooled liquid fraction (SLF) in the
mixed phase regime (-10°C to -40°C; 5 C° increments) Is calculated at the GSFC
(01 Jun 2016 — 30 Nov 2017) and Singapore (29 Jul 2017 — 30 Nov 2017) sites and
compared with CALIOP (Dec 2007 — Jun 2014) within a 2.5° lat/lon grid box.
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V. Future Work

Coincident measurements with other instruments (e.g. radar and microwave
radiometer) are needed to evaluate and improve the MPLNET cloud phase
determination.  The Alaska-Fairbanks site has recently added polarization
capabillities which will allow future studies of mixed phase clouds.
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