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NCAR Testing coalescence rates

» Complete aerosol spectrum
e Condensation + Monte-Carlo coalescence

» Use observed entrainment source & fraction (conserved tracer
analysis)

o Within observed “cloud age” (reactive tracer analysis &/or radar)
» Tracing aerosols through multiple drop coalescence
* Predict aerosol size distributions in cloud-processed air

 What Is the sea-salt balance?
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Compare observations & model results
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Dry aerosol size spectra
NCAR
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NCAR Giant Nuclel Impactor
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N\ Particle growth In humidity chamber
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Experiment: Exposure begin time: 222412 Slide number: 15 Begin altitude: 2815 m
Exposure date: 21003 Exposure end time: 223011 Image number: 213 End altitude: 1724 m
Particle number: 7

Analysis of
MICroscope
Images
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IDEAS-2 project, slide 15; 2002/10/03 22:24:12 - 22:30:11 (JST)
All particles
NCAR Begin frame 101 End frame = 599
Max. altitude = 2815m Sample volume = 4.076 m®
Min. altitude 2185m Ranz-Wong 50% cut-off radius= 1.2 um

10’

Woodcock (1953) wind-speed dependent
size distributions

IDEAS 2002
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NCAR

[Tl =
—

Cloud Base
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Trace gas analyses

fast ozone,
DMS, CO




CO variability in marine boundary layer

DYCOMS-II Vertical Profiles

RFO1 13:00 GMT « RF04 8:10 GMT = RF04 13:30 GMT

370.0
CO2 (ppmv)
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THE DETERMINATION OF THE "AGE OF CLOUDY AIR"

Based on mixing analysis, as simple approach is to consider the cloud
development for a sample of air as:

(1) Quasi-adiabatic ascent from cloud base to mixing level

(2) Single mixing event with environmental air (linear mixing of SOy, H>O-
and O3, respectively).

(3) Quasi adiabatic descent (ascent) to the aircraft flight level (observation
level).

At the observation level, match SO, concentration in interstitial air to that

predicted by the sulfur cloud model. If pH-value is also measured, then use
this as a check.
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THE DETERMINATION OF THE "AGE OF CLOUDY AIR" - SULFUR MODEL

Aqueous concentrations:

d:fltOQ = —k1 f1[S(IV)]|[H202] — ko f1[S(IV)][O3] — k3 f2[S(IV)][Os]
dSOy
o = kA[SUV)|[H200] + ka f1[S(IV)][Os] + ks fo[S(IV)][Os]
df?t()? — _ky fi[SUIV)][H204]

dOs3

— =~k filSUV)][05] — ks fo[SIV)][Os]

where
f1 is fraction of [S(:IV)] that is HSO3
f2 is fraction of [S(iIV)] that is SO; ~
k1, ks and k3 are rate constants (Pandis and Seinfeld, 1989)

Additional equations for ion balance with aqueous concentrations of trace gases, and for
depletion of trace gases in air.
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THE DETERMINATION OF THE "AGE OF CLOUDY AIR"
At beginning of calculation, the following parameters are known:
Cloud base (determined from near surface flight leg):
Conserved parameters CO,03, DM S and 6,
Reactive parameters SO, and H,0,
Other: pyases Zbases 9v, @1 @nd aerosol spectrum. Time ¢ = 0, vary updraft speed, w.

Clear air counding (flown on upshear side of cloud band):

Conserved parameters CO,03, DM S and 6,

Reactive parameters SO, and H,0,
Vary downdraft (updraft) to flight level.
Cloud penetration:
Conserved parameters CO,03, DM S and 6,
Reactive parameters SO,. No measurement of H,0, needed.

Fraction of cloud base air, F, and fraction of entrained air, (1 — F'). Solve the model for a
range of updraft/downdraft scenarios. The key is to match the cloud penetration interstitial
concentratio of SO,. Secondary key is to match cloud penetration pH. Select the scenarion(s)
and use their integrated "time" as the "age of the cloudy air".

For this time, does our calculated and observed drop spectra match?
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Dropsize as function of aerosol size
NCAR

coalescence events

Two coalescence events
<—— Three or more

V4

Condensation
only

o
g
:
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Compare observations & model results
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NCAR Aerosol Processing

» How does cloud processing modify the aerosol
Size distribution In the detrained air ?

— Predict detrained size distributions based on mixing of
cloud-base & entrained air

— Compare predictions vs aerosol size distributions in
detrained air
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NCAR What Is the sea-salt balance?

Generation rate = function of wind speed

Observed size distribution in BL

Removal through dry deposition (stability dependent)
IGNORE CLOUDS & PRECIPITATION !
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Compare clouds in other meteorological
meteorological regimes

NCAR

Percentage of Cores

1 2 3 4 5

6 7

8

9 10

Average Updraft Core Speed (m s™)

1.00E+11
+ 1.00E+10
£ 1.00E+09
£ 1.00E+08
% 1.00E+07
£ 1.00E+06
Z 1.00E+05

1.00E+04
100

1000

Particle Size (microns)

o 8/17 Kwaj ¢ 2/23 Brazil x 2/17 Brazil

(Source Anderson et al 2004; Stith et al 2002)
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10000

Comparison of kinematic and
microphysical properties with those
of deeper tropical convection in
clean regions. (Stith)

— Our recent studies indicate many
similarities in the
droplet/precipitation spectra (LWC,
particle types) from clean tropical
regions. These likely result from
similar background levels of CCN,
but are also a reflection of their
similar kinematic (updraft,
entrainment) properties. \We hope
to compare these data with that
from the smaller clouds observed in
RICO, which should have different
kinematic properties, but similar

CCN.



FSSP comparisons
(IDEAS-3 project, with Nagel & Maixner, GKSS)

IDEAS-3 PrOjECt_ - AUQ-Sep 2003 c130_front_ideas3a.skf Aug-2003
phase one

radiometers
heated temp.

temp.

X/f\

\ \

5100
GKES

King

Qphir temp.
TEBL Heviorov
MCR SCAl:

lce Muclei radiometers

RDRA trace gases
nephs (2) 858 Probe
. Climet co2 (cu)

wind gust

two FSSP
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- FSSP comparisons

LPC

LPE& (GKSS)

\%\
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s

SoF Comparisons

=
=

o Response to snow particles

» Effects of splash in rain

(other presentations)

* Laser reference voltage drift
* Airflow:

- aircraft turns in cloud
* aircraft side-slip in cloud

* Add scarf tube (one flight)
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Effects of splash In rain

NCAR 2DP Images, 57 sec
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Atmosphe

Effects of splash In rain

IDEAS-III, Flight #101
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Effects of splash In rain

IDEAS-ITII, Flight #rf0l
08/19/2003, 22:42:00 - 22:43:00, 10 second average
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