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GOES—10 visible, 11 July 2001 15:30 UTC
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Motivation:
Strong shortwave cloud forcing (dark underlying ocean)
No compensating longwave forcing



Science Goals

 Aerosol Characterization

 Aerosol €<= Cloud Interactions in Stratocumulus

— Effects of aerosol on cloud microphysics, optical
properties

— Effects of clouds on aerosol composition and optical
properties

— Effects of aerosol on the formation of drizzle
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Platforms

ARM Mobile Facility (AMF)
Surface aerosol _~ March-September
G1 1 |
CIRPAS Twin Otter | JulyIntonsive

Monterey

Twin Otter Flight Tracks G-1 Flight tracks
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Primary Instrumentation

 ARM Mobile Facility (AMF)
— Cloud Radar
— Microwave radiometer
— MFRSR
— 2NFOV (narrow field of view radiance)
— Micropulse lidar

— Surface aerosol (Size distribution, CCN, light
scattering, absorption)

 G1 and CIRPAS Twin Otter
— Aerosol size, composition, optical properties
— Cloud, drizzle probes

— Turbulence e A
— Atmospheric State (P, T, RH)

— Gas phase il Sy Col 4
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AMF results



Some New Techniques:

LWP retrievals
Sensitivity of SW flux to LWP
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dFlux/dLWP is the SW flux sensititivity to LWP


Some New Techniques:
Cloud Optical Depth

Comparison of Cloud Optical Depth for overcast skies

2NFOV:

* Fast response

* Narrow field of

View

« Good for broken
cloud fields

2NFOV

Cloud optical depth (2NFQV)

FRSR
Cloud optical depth (MFRSR&VI
Chiu, Marshak et al. 2007



Overview of AMF results

~21,000 20 sec samples
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Aerosol-Cloud Interactions

McComiskey et al. 2009
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» Consistent measures
of uphysical response
to changes in aerosol

» Aerosol index is good
CCN proxy

* Light scattering is
less sensitive
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Comparison of different N, retrievals

ACI

0.52, adiabatic
0.43, Twomey
0.56, MASE <54
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Role of Updraft Velocity
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Turbulence Measurements

Doppler Radar (W-band)
2

Oy skewness

Height, m

Time, h (UTC)

Variance decreases with height;

In-cloud turbulence driven by wind she
and surface fluxes, not radiation

ar

Height, m

Height, m

July 5 2005

<—da
night” d

Water vapor, g kg’
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Shear, s

Ching, Riemer et al.



Dependence on Liquid Water Path

Effects of Collision-Coalescence?
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Role of Adiabaticity

subadiabatic

~adiabatic

ACI=0.17

Light scattering, Mm-"

Adiabatic clouds tend to have
higher microphysical response to
aerosol perturbations

They occur much more rarely

Kim et al.,
2008




ACI

Response to Scale

Survey of many studies High spatial variability in LWP
results in:
B Surface _ o _
B Aijrcraft  Decrease in ACI with increasing
B Satellite averaging length scale
* Decrease in ACI with increasing
LWP bin size
Q
<

LWP averaging bin, gm~

Equivalent Scale, km
McComiskey et al. - Poster



Meteorological Controls

NOAA Buoy Offshore Point Reyes and Daily Upwelling Index
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Marine Boundary Layer Cloud
Macroscale Structure

Effective Cloud Diame@

(CD) N
4> A

S

 A=cloud
area

C, =

* P= cloud
perimeter

 N=# of cloud

[} (o] Uo
= = u
n n S
= = -
n =] o

\

4

e
[

|

C, offers a simple measure of
MBL cloud organization

Liquid Water Path Cloud Diameter (Cp)

Jensen et al., 2008



Aircraft Results



Aircraft: Sub-cloud Aerosol
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Fraction activated
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Aerosol-Cloud Interactions
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CCN conc., cm3

Inferring Supersaturation

Infer by comparing below-cloud CCN spectrum to N,
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The Dispersion Effect

_ Condensatlon domlnated
Coalescence-dominated e
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Lu et al., 2008
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Dispersion decreases with increasing N, Liu and
Daum 2002

Dispersion effect
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Drizzle oy,
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Altitude, m

Drizzle: Contrast Low and High

High Drizzle

Low drizzle
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Low Drizzle 1
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LWC Is similar for both cases

High drizzle case: smaller Ny,

higher r,

Daum et al., G1



Drizzle
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Drizzle
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Autoconversion of cloud droplets
to drizzle: theory

= Autoconversion rate (g/m3/s),
c 08
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Suppression of Drizzle by an
Aerosol Plume
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Aerosol Studies



Composition of Droplet Residuals

Interstitial
(N=44, Total =0.65 pug/ m3)

0% Sulfate
Chlorine

Mass Fractions doud drop residual
(N=9, Total =0.26 yg/ m3)

14%

27%

31%

) 25% 49
Nitrate ’

14%

30%

 Berkowitz E Why do drop residuals
‘E 4 Andrews, have less sulfate,
o ., L Berg | _ more ammonium and
o r o8 CR)O X % ] .
o P IR : more nitrate?
(@)] 4 o &, % 9 ]
2 X Meteorology vs. cloud
E o o0, AO A Pre-cloud Chemistry?
© o P BTSN B Post-cloud :
o m, . OClouddropresidual 1 ™ Signature of aqueous
0.01 R R L2 e TEr . mass addition on

D, (yum)

Diaméter, D,, zm activated particles Pt. Reyes
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CCN closure

Free troposphere Boundary layer

Calculated CCN, cm=3

Measured CCN, cm3

* Free troposphere and BL: excellent
closure (~50% organic)

» Above cloud: poor closure unless

the hygroscopicity of the large

organic fraction is accounted for

Wang, et al., 2008 G-1 <=~

Above cloud

k represents the effectiveness
as a CCN

x = 0: insoluble

x=1.1. NaCl




Enhanced organic acid above clouds
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» Oxalate Is produced in cloud; oxalate:sulfate ratio increases
» Entrainment of free tropospheric aerosol also contributes to the

organic acid layers




Aerosol Optical Properties

105 Fog ciéar 1y
§O:95§ o o 'Hnll W%M% Wy
<0.90F | —J
1 O E 1 Y N | L L | L .:
Properties > S E— e
ofdrop =~ - W A
residuals % 17 37
%05 ' W _:J
G‘O‘ Y U RS S . L1 4
o SRS E———— —
€ 50 N
= 0k 2 visibility
S s5p J
> . S .

185 ' 190 195 T 900 505 ' 910
DOY, 2005 (182= July 1)

Cloud processing of aerosol - Smaller, more absorbing particles

Berkowitz, Andrews, et al. Pt Reyes



Radliative Forcing Implications



ACIl and TOA Radiative Forcing

Satellite remote-

sensi
Breon et al.

2002

Drop radius

“slope”=0.05 - 0.08

Aerosol Index

Some GCMs use satellite-
derived “slope” to represent
aerosol effects on clouds

Errors in slope yield large
errors in forcing

Weakest indirect forcing in
IPCC (2007) is associated
with satellite- derived slopes

McComlskey and Felngold
(2008) :
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Satellite obs. In-situ obs.

Flux change resulting from CCN changing
from 100 to 1000 cm3;
Diurnal average based on 100% cloud cover



B2

ACIl and TOA Radiative Forcing

Weakest indirect forcing
In IPCC (2007) is
associated with satellite-
derived slopes

0.05 0.10

T

0.15 0.20 0.25 0.30

“Slope” T

Satellite obs.

In-situ obs.
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