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Introduction
MOTIVATIONS

¢ Arctic mixed-phase clouds are frequently present over the North Slope of Alaska
and have a strong radiative impact on the surface radiation budget.
e Microphysics in these clouds are poorly understood and not handled in current

global models.
¢ Polarimetric radar is useful for ice hydrometeor observation
(Bader et al., 1987; Wolde and Vali, 2001a,b; Hogan et al., 2002)
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Introduction

Z,,, radar reflectivity, depends on 6th power of particle diameter and number density.
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Objective: To retrieve vertical profiles of ice crystal habit using
X-band polarimetric variables for the Arctic mixed-phase clouds
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Case 1: Shallow, boundary layer precipitating clouds on 2 May
e Single dendrites and aggregates of dendrites on the ground

Case 2: Deep, warm frontal precipitating clouds on 6 May
 Rimed dendrites and irregular crystals on the ground



Case 1: Shallow boundary layer clouds

2 May 2013

Single dendrites

05022013 1642 UTC _DEDIE)

Aggregates of dendrites
050202013 1248 L]

Sounding 18 UTC  ff i
18 UTC QD1SfDEIDQgB&RRDW 1 KAZR ReﬂeCtlv !
T T} LT T 1§- 2
\ Temperature | | 4
4 """‘“-\ 4 0
gl | ¥ | 4
E E_;\ 3 | -8
%2 1) 5 12
e R N E 16
Dew point | :
temperature k 1 - 2
LT Z
26
eF a0 —an_—20 -0 10 0 e
TEMPERATURE [*C] 0 3 6
| MWR Liquid Water Path-
LWP <5 g m™2

Inversions below 0.8-1.5 km
Temperature <-11°C

14 15

16

17
HOUR

18

19

20



Case 1: Shallow boundary layer clouds

Liquid cloud signals by HSRL
Single dendrites Aggregates of dendrites
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Case 1: Shallow boundary layer clouds

Single dendrites
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clouds were falling down. ELEVATION [deq]



Case 1: Shallow boundary layer clouds
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Aggregates of dendrite
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Case 2: Deep frontal clouds

Rimed dendrites
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Case 2: Deep frontal clouds

Liquid cloud signals by HSRL

Rimed dendrites
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Case 2: Deep frontal clouds

Rimed dendrites
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Case 2: Deep frontal clouds

Irregular crystals
/H 05/06/2013 183653 UTC AZ=52deg ) 5 — ZDR 05/06/2013 183653 UTC AZ=52de

HEIGHT [km]

5 -7 6 -5 4D|STKNCEF°R0M)?SA3R1<m5 o 78

& Convection near the top
; Relatively deep clouds (~3.5 km)
)
2,
1
()]
N

s Small Z,, (~1 dB)

4
3
2
. 1 Xq\\ ~
Crystals forming N e T
- near the cloud top 1 2.5-2.7 km
\“ . . - 1.4-1.6 km
were isotropically -2 —0.5-07 km
growing to ~380170160150140130120110100 90 80 70 60 50 40 30 20 10 0

irregular crystals. ELEVATION [deg]

—

oo oo oo o B




Correlation coefficient, p,,

Single dendrites
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Correlation coefficient, p,,

Single dendrites

Irregular crystals
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Summary

Ice crystal habits in Arctic mixed-phase clouds were
observed by X-band polarimetric radar.

AShallow boundary layer precipitating clouds:

— Single dendrites form near the cloud top and grew in
the shallow boundary layer. These dendrites tumbled
with falling through the air.

— Dendrites formed near the cloud top aggregated with
falling.
dDeep warm frontal clouds:

— Dendrites forming near the cloud top were rimed with
falling through multiple liquid layers.

— Irregular crystals formed near the echo top with
temperature of ~-20°C and grew isotropically.
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Case 2:

Deep frontal clouds
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5. Discussions: Reasonability of
measured Z, values

Z, V.S. Zp, diagrams from Scattering calculation
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Correlation c?efﬂuent phv
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