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Moclel Cornozirisor

"~ Con sarisons between 2 models:
= Detailed'microphysical adiabatic cloud
parcel model (hereafter called “Parcel

model”) (Shantz et al., 2003, Leaitch et al.,
1986)

&Jp,ud droplet parameterization including >
“Riecewis imation (PLA:
Z

006) (hereafter called “PLA

model”)
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— Output from‘bcsth‘medels that WI|| be

_-=——.h

compared in this presentation:
— Initial dry particle size distributions
— Cloud liguid water content

>~

— Number of droplets —
persaturation profiles .
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Also
compare with —
observations
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- Comparlsonmve Peen made between the
detailed microphysical parcel model and
observations with reasonable agreement

= The PLA model will be used as a cloud droplet -
parameterization in Global Climate:Moedels

- Comparlsons between Parcel and PLA model will
—d

A
ariables should'be

— Glve confidence In the parameterization
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i:'(wianadian Surface Ocean and Lower Atmosphere Study
(SOLAS)

= Flights over the Atlantic Ocean a few hundred

r—siill

kilometers east of Nova Scotia
s =jght 2 case studied here was;or
Octehen 14M-2008fat12:00-13:00

i ! Leaitch et al., in preparation, 2007. :
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mdlcates that three
days prior, the air had
been over the Atlantic

Ocean.

However, it
subsequently crossed
over parts of eastern
Canada before
reaching the sampling
area.

Thus, the aerosol
“sampled during flight 2
had some more recent
continental influence.

Leaitch et al., in preparation, 2007.
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Dry Particle Size Distributions
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First, | had to make sure both

models were startl il 94

L samerdnfparticle’size e strlbutlon
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SOLAS 2003 Flight 2
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=&—Nicole parcel model |
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SOLAS 2003 Flight 2

=o— Observations
—=—Nicole parcel model

e PLA Cloud droplet parameterization
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- Comparison of supersaturation

profiles between models
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- md with aﬂﬁypothetlcal situation assumg

?—'pUre Sulphuric acid particles in all modes

= Set parcel model and PLA model to the same
Initial conditions (the temperature and pressure
were based on observations):
— Starting height=0. m
— Initial TEMP= 285.66 Kelvin

ﬁ:n-tlal PRES= 965 mbars

— Initial helght mterval DZ= 1 m

— Initial time Iinterval DT=1. s
= .. updraft velocity = DZ/DT = 1 m/s = 100 cm/s

r—siill

1on) or RIH=98%




_J_C suoarsaidrailon (83

\j_\u 1 ""rl cla

Height (metres)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

cloud 20 E
base E

+ PLA cloud LWC (g/m3)
—2=PLA supersaturation (%)
——Parcel model LWC (g/m3)
=e=Parcel model ss (%)

0.2

LWC (g/m®) and Supersaturation (%)

Updraft velocity = 100 cm/s




NEXARING

cornpered ine # of droglets

concentration of

droplets (N,)

Heilght 130 m 129.0 m
Number 680.8 /cc 653.05,./cc

particles (N,)

%r - 1045.9 /cc ';ps-sﬂ—/

% activated

65.09 %

61.72 %
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- The initial CUndens Were orlglnally

— Initial-height interval DZ=1. m
— Initial time interval DT=1. s
(for updraft velocity = DZ/DT = 1 m/s. =100 cm/s)

= This Is not normally what woeuld be used in a

GCM So | tested for larger grid spaces -

——
i

(for updraft velocity = DZ/DT 1m/s still)



=2=PLA smaller grid size
=8-PLA larger grid size

== Parcel model

Supersaturation (%)

(sanew) 1ybraH

The cloud LWC was unchanged so did not plot it here.




Now wiir) Igl_rﬁr Jrl(l S{oEs mJ

- —+Parcel model= PLA model |PLA model
DZ=1 m DZ=10 m
130 m 129.0 m 130.0 m -

680.8 /cc 653.05 /cc

% 65.09 % 61.72 %
activated




scenario based on
MEEEIENERS ~

So far, it has been assumed the
aerosol'was made up;

anltifie clefel.

nere Is organlcs present.
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How are the organics handiea
in these models?

i



Organics In irie Mocdels
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RN MODE— s
- = Assumes organics have
the molecular weight,

density & surface tension
properties of adipic acid -

= Assumed the ionic
dissociation factor Is =1

Assumed the osmotic
Coer |cient_isT:1
SItIVILyAESTSHE
Aging the solubility -
soluble=200g/L

slightly soluble=5g/L
insoluble=0.01g/L




How Parcel Model
Deals with Solubility




Orgarnics Il trie Models

e — e

PLA MODEL  —

 EsASSEes-erganics have = Assign the organics any.
the'molecularweignt, molecular weight and
density & surface tension density in the input file
properties of adipic acid (chose adipic acid for
= Assumed the ionic comparison, with parcel —
dissociation factor is v=1 model)
= Assumed the osmotic = The ionic dissociation

C|ent |s D=1 factor can also be i
qino.t =0, 1 e organic is

; c sumed to be insoluble (ie.
T oluble=50/L It doesn’t dissociate)

insoluble=0.01g/L — Non-integer values are
allowed, showing partial
dissociation
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=&=Parcel model pure sulphuric acid

-~k Parcel model org=5 or 200g/L

—+—Parcel model org=0.01g/L
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5 or 200g/L
0.01g/L

PLA pure sulphuric acid 1m/1sec
=&=Parcel model pure sulphuric acid

—¥=Parcel model org
—+—Parcel model org
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=&=PLA pure sulphuric acid 1m/1sec

——PLA with org (nu=2) 1m/1sec
— PLA with org (nu=0 or 1) Im/1sec

updraft Velocity — 100 cm/s =&=Parcel model pure sulphuric acid

=¥ Parcel model org=5 or 200g/L

—+—Parcel model org=0.01g/L
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=e=PLA pure sulphuric acid 1m/1sec
i ) ——PLA with org (nu=2) 1m/1sec
| —PLA with org (nu=0 or 1) 1m/1sec

=e=Parcel model pure sulphuric acid
| : —¥—Parcel model org=5 or 200g/L
updraft velocity = 100 cm/s —+— Parcel model org=0.01g/L
! b —a— PLA pure sulphuric acid 10m/10sec
PLA with org (nu=2) 10m/10sec
—— PLA with org (nu=0 or 1) 10m/10sec
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Comparisons with
Observations
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+ Parcel Model (all org and SO4 runs have identical LWC)
—=—PLA 1m/2sec
PLA 5m/10sec }50 cm/s (100 cm/s gives the same LWC)
PLA 10m/20sec
—— Observed cloud LWC (King Probe)
T

0.1 0.15 0.2 0.25
LWC (g/m3)

Altitude from Flight 2
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Altitude from Flight 2 (m-MSL)

cloud base | | |
A PLA‘pure sulphurié acid 10m/103éc A PLA pﬁre sulphuric e{cid 1m/lsec PLA with org (nu=2) 10m/10sec
& PLA with org (nu=0 or 1) 10m/10sec ® PLA with org (nu=2) Im/1sec X PLA with org (nu=0 or 1) 1m/1sec
Parcel model pure sulphuric acid ==¥=pParcel model org=5 or 200g/L ====Parcel model org=0.01g/L
—o— Observed Nd (FSSP100)

100 200 300 400 500 600 700 800
Droplet Number Concentration (cm'3)
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A PLA pure sulphuric acid 10m/20sec A PLA pure sulphuric acid 1m/2sec PLA with org (nu=2) 10m/20sec
& PLA with org (nu=0 or 1) 10m/20sec ® PLA with org (nu=2) 1m/2sec X PLA with org (nu=0 or 1) 1m/2sec

Parcel model pure sulphuric acid ==¥=pParcel model org=5 or 200g/L ====Parcel model org=0.01g/L
—o— Observed Nd (FSSP100)

100 200 300 400 500 600 700 800
Droplet Number Concentration (cm'3)

Altitude from Flight 2 (m-MSL)
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Parcel Model"—-v'“ - PLA Model
| —
Composition | N4 Composition | Dz/Dt= | Dz/Dt=

1/2 10/20 |~

Pure H,SO, Pure H,SO,

V=2

0.01 g/L org
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Lfange of 510-760 cr)

PATCET MoTel=—— PLA Model

—
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Composition | N4 Composition | Dz/Dt= | Dz/Dt=
1/1 10/10 |-

Pure H,SO, Pure H,SO,

V=2

0.01 g/L org




Petters and Kreldenwels mtroduced therdean
2007 ACR paper

Ammos. Chem Fwvs., 7, 1961-1871_ 2007
W atnsos-cham-piys net' T/ 196172007 Atmospheric
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A single parameter representation of hyvgroscopic growth and cloud
condensation nucleus activity

M. D. Peorers and 5. Al Ereidenweds

Diepastmiszt of Atmwospheric Sciemcs, Calesado Stete Uznvemsaty, US4

Eacenved: 1¢ Awgost 2006 — Poblished in Atoos. Cham. Phys. Discuss.: 5 Sepssmber 2006
Bavisad: 20 Febroary 2007 — Acceptad- 2 April 2007 — Published: 1B April 2007
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~ = g way'toerdescribe the relationship between dry particle
diameter and CCN activity

— a way to describe water uptake below and above
saturation in a single parameter

— a way to simplify the chemical details needed inra model
such as osmotic coefficient, number of ions dissociated
Into, molecular weight etc. (this infermation is not always

ﬁ/allable especially for many organic species or
0

mplex multicomponent aerese unkﬂGWﬁ_
COMPO

ula”potentially be determined for different air
masses or air sources, such as biomass burning

= x may simplify input required for GCM’s
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= Initial tests are promising

i-‘

= \ore work Is needed

= We hope to determine k values for different
alr masses and conditions from the Egbert
2007 study and test these k’s with the

< “—_ - —




PRCIUSION:

4 Siizedisiglguilggidaggaeitisiogisiclacel]
""‘PUT‘G*SUiDhUTICﬁCId supersaturation | pro iles: good!

- =-Cases'including organics in the mixture:

— The supersaturation profile for the insoluble case was a
little bit different for Parcel model and PLA

— PLA showed slightly lower droplet number cencentration
than Parcel model

= _Simulated N, were within the range of Ny observed,

mg SO  ———
grid size in the PLA.moedel

decreases N4 and changes the supersaturation
profile




— Comparlsom‘b@tween these models and =

r—r

other observations will continue

= Comparisons between these models and
Nenes cloud parameterization havebegun

= Kappa (ik): more work to be done

H
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