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lce and aerosol —
cause for optimism??

Paul Field, ARM/GCSS, Sept 2009
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 Demonstrate that the num'ger" of ice particles
formed by nucleation mechanisms can be
predicted if the aerosol feeding into the cloud is _

adequately characterised both physically and «'

, 1
chemically "

-
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Wave clouds — natural labs —
giant IN counters?

Baker et al 2006 "™
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RF04

VerticalVelogity, w [m s]
Cloud drogplet probe,
Small'lce Detector,

Fast 2D-C (D>100mm),
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Supersaturation w.r.t. ice: == liquid: ==
1Hz change in Rosemount icing
probe >0.01mV/s =

RF04:
Droplet concs ~ 100 cm-3
Ice concs (D>100um) up to 1 L
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RFO3

T ————— CFDC = IN counter




<7~ 1D Kinematic model
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Use LEM in 1D — Ben Shipway (forerunner of his KiD framework)
1s timestep, dz=~50m (5km — 15km)

Cloud water, rain (mass, number), ice(mass, number), snow (mass
number), graupel (mass, number

Sensitivities:

* ice to snow autoconversion

+ Ventilation

» Capacitance
Mass-dimension relation (density)
Fallspeed-dimension relation
Qv profile
Theta profile

W offset
Het primary ice nucleation params (7)
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Constructing initial profiles

Z

2
distance [km]

Sam Haimov
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Wave clouds — Giant IN
counters?
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» Controlling the ice conc...

* Use Meyers etal (1992) and Connolly etal(2009) and
Limit the max number of ice they can produce

Nucleation

Max ice
conc. [L]
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RFO03 Conc.
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RF04 Conc.
Nucleation
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» Consistency between IN concs derived from the
airborne IN counter and wave+1D modelling

IN conc. IN Wave
L] counter | +Model
RFO3 3-5 ~6

RF04 ~1 ~0.5
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<7~ Optimism?
Met Office

* Demonstrated consistency between IN measured by IN
counter (CDFC) and determined from combination of
wave cloud obs+modelling

Aerosol

l

Efficiency
!

Ice Nuclei conc.

l

Ice conc. in cloud
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LEM convective bubble

o EXPEMMents with prognostic IN

« Thermodynamic profile based on Spring SW
England small convection to ~4km (~-15C)

6X15x10km
dx=150m, dz=50m

Double moment rain, ice, snow, graupel

Test sensitivity to IN conc with or without H-M.

Caveats...

[thanks Richard Cotton]
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Total ice amount
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Questions and answers
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RICHARDSON ET AL.: INSPECT-11 IN MEASUREMENTS

»

Met Office

2 May median OPC
]2 _ ..... C OI]CCn[ra[lOI] .......... . ........... e e aa ‘_

. : : : : :
o 10 : : : : : . : \ : ;
S SR e e .. -
= : : : : : : : N (R : :
S 5 r ; ; ; = L demmT ; s
N— : : - .
— : ° : -
L B ccicsaclsrasnsanneslnsnsnnsnsnshanncasnsandiasnsnnsnnsnsbnne —
E 8 : L=
e L -
=) : =T )
Q o - :
’ : - : . @
A 6 ___.._;--n ...................... $ i eeeiateidetercteccathiatoncesesdetaiateccciictcatataitoneieteiendeiotecrerarhons —
o = :
Z
)

D3 IR S S SRS S S o Dp=300nm_
® ! g g g g g = === Dp =300 nm fic

0 L i i i i i i i i i
10000 0 2 4 (

0.015 25

T 20

0.01 ] Al .
' 15

Altitude (m)

0.005 A

IN Conc. (cm's)

Aerosol [0.2<D<0.8:m] (cm™)

0 — - —— g
0.1 1 10 100

Large particle and IN Conc. (cm>, per liter)

0 T LI T | L T T | L T LI | L LI T O
305 310 315 320 325

Day of Year
© Crown copyright Met Office



2R L L
AD1SD2§
o SCWICRENEN | — droplets
@ El form at the
@0 il same time or
A il before ice

Met Office

Critical ice
saturation : ..
ratio T A N |

deposition

lll — cond. fzg

Typical humidity error

_lllllllllllllllllllllllllllllllllllllll Critical
60 _40 Bpls] Temperature

Field et al. 2006 [°C]




ll]ll]llllllllllllllllllllllllllll]ll]l

lllllllllllllllllllllllllllllllllllllll

40 -20




Met Office

IIIIIlllllllllllili'lll]lll

A
A
AN

O

%)
L
o.
£
@
Q
o
=
3
L=,
&

@

lllll_]lglllllllllllllllllll

Oo O—
e} U

—

12 May

© Crown copyright Met Office

22 May

1 Jun 9 Jun




Recap

Met Office

IN concs. correlate with ‘large’ aerosol concs.
Size proxy for aerosol type in these cases?

T > -38C condensation/immersion freezing is
dominant for mineral dust

T > -20C not much freezing on mineral dust.
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