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Motivation

e Global Climate Models (GCMs) are highly sensitive to the
representation of clouds and their feedbacks. According to a
study by Sanderson et al. (2008), the ice fall velocity (V,) is the

second most important factor affecting the climate sensitivity
iIn GCMs.
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Satellite Images Help Determine
Cloud Type (Anvil/Synoptic Cirrus)
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General Approach

The size resolved 2D-S measurements of number, projected area and mass
concentration appear reasonable.

- Ice artifacts from shattering greatly reduced
-  Good agreement between 2D-S and CVI IWC during TC4

This study uses 2D-S data from SPARTICUS, a recent field campaign
sampling mid-latitude cirrus. The treatment of D, (effective diameter) is
general for liquid, mixed phase and ice clouds and is expressed as:

D, =3/2(IWC/pA,)

V. (ice particle fall speed) is calculated by using two different methods,
namely the Mitchell-Heymsfield (2005) method (MH) and the Heymsfield-
Westbrook (2010) method (HW).

Applying the above methods to the 2DS measurements, D, and V_, (the
PSD mass weighted fall-speed) were expressed as:

V_ =3 V,(D) m(D) N(D) AD / £ m(D) N(D) AD
D, = (3/2) £ m(D) N(D) AD / (p, = A(D) N(D) AD)



COMPARISON OF 2D-S AND CV

| IWCs DURING TCA4

22 July ITCZ Anvil Cirrus West of Costa Rica 050 -
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A: Time series of the 2D-S and CVI IWC for a TC4 case study. CVI response
time lagged 6 seconds behind 2D-S measurements, producing a slight offset.
B: 2D-S IWCs compared with CVI IWCs for 12,000 1-Hz measurements

(averaged over 10-s) in TC4 anvils cirrus.



Comparison Between MH(2005) and HW(2010) schemes

HW Fall Velocity (em s™')

100 _l TTTTTTTTTTT T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T TT l_ 100 UL LN DL N L N O B Id

© TC4 Anvil Cirrus 7 - ISDAC Cirrus %

- ,/ - - /.‘

C TC4 Aged Anvil Cirrus o ] : T = —20°C 7

80 F P 80 F <

C In Situ Cirrus 5 ] s 5 p = 500 mb -° ]

- T = —20°C ’f,{g . w - 4688 ]

- p =500 mb ok . g - o 2% 1

60 e ] — 60 [ A 1 =

[} +]

- ol . 2 . o .

- 45 . 5 u %P ]

C ,;r{ . 2 - ¥ ]

C % . > C o ]

40 - oi’f . — 40 T A j

: d EC S 5

r ‘4 7 C LR © ]

- v . = - R, .

20 Viw = 0.9364 Vyg + 0.3 3 RO 7 Viw = 0.8033 Vg + 7.5 3

- 7+ - - - -

C £ r? = 0.9956, N = 59 . F -7 r? = 0.9316, N = 162 .

- + - - -

O :I T TN T N T T T N VN T T AW A T T T AN T T N T O T A A 0 A I: O :I | I T I A | | ) T T T I | | T T I O T 1 I 0 T T O I:
0 20 40 60 80 100 0 20 40 60 80 100

MH Fall Velocity (cm s71) MH Fall Velocity (cm s™%)



SPARTICUS Synoptic Cirrus PSDs from 2DS

Temperature Dependence of Sparticus Synoptic Cirrus
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N(D) (liter™* um™)

N(D) (liter™! pum™1)
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SPARTICUS SYNOPTIC CIRRUS: V_ vs. T and V_ vs. IWC

Fall Speed from HW (cm 5'1)

SPARTICUS Synoptic Cirrus
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Predicted Vm using HW (cms'1)

SPARTICUS V__ and D_ Related To IWC & T

Predicted Vm (HW) vs. Observed Vm
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Predicted V_ (cms™)

TC4 V__ Related To IWC & T
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b)

Fall Speed from HW (cms”

SPARTICUS Fall Speed Related To D, Using:
Mitchell Heymstield (2005) & Heymsfield Westbrook (2010)
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Mass—weighted Fall Velocity (ecm s™)

TC4 and ISDAC Fall-speed Related to D_
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AErosols and other
Bt . parameters
(B.Q. cloud updraft,
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