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Sma ll-sca le m i crophys i ca l processes a re poorly
represen ted i n cloud and cl ima te models and con tri bu te
toward sign ificant uncerta inties in modelling the
polar reg ions of ou r p lanet[1 ] .

To add ress th i s , the Aerosol-Cloud Coupli n g and Clima te
I n tera cti on s i n the Arcti c (ACCACIA) Campa i g n was
conducted i n the Eu ropean Arcti c, u ti l i s i n g the FAAM
BAe-1 46 a i rcra ft to make deta i led a tmospheri c
observa ti on s i n spri ng 201 3 .

The La rge Eddy Model (LEM ) - d eve loped by the UK
Met Offi ce – reso lves tu rbu len t motion s to a llow
cloud evolu ti on to be stud i ed i n i so la ti on from la rge -
sca le meteorolog i ca l fea tu res .

I ce nu clea ti on i s modelled u s i ng the Meyers [2 ]

pa rameteri sa ti on : a re la ti on sh ip for the Deposition -
Condensation i ce nu clea ti on mode deri ved from
mid -la ti tu de fi e ld observa ti on s . Th i s re la ti on sh ip i s
frequen tly u sed i n models wi th a bu lk m i crophys i cs
scheme.

Pred i cts a prima ry i ce number concen tra ti on - N
i
-

re la ted to the supersa tu ra ti on of water vapou r wi th
respect to i ce - S

i
- wi th constan ts a and b a s fo llows:
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N i = exp (a +b {1 00 (S i - 1 ) } )

Measu rements from ACCACIA a re u sed here
to va l i d a te the ab i l i ty of a Cloud -Resolvi ng
Model to reproduce the Arcti c m ixed -pha se
cloud s observed .

Da ta from two wing -mounted i n struments -
the Cloud Droplet Probe (CDP ) a nd 2 -
D imens iona l Stereoscop i c (2DS ) probe - and
a downward -fa ci ng lidar i s presen ted for
compari son wi th the model.

The model was i n i ti a l i sed wi th tempera tu re
and vapou r m ixi ng ra ti o profi les measu red
by a dropsonde re lea sed du ri ng the fi rst
secti on of the ca se study chosen (fl i g h t
number B762 on 23 rd Ma rch 201 3 , F i g . 1 ) .

- Improved ag reement of l i q u i d and i ce profi les
wi th Arcti c observa ti on s when i ce nu clea ti on i s

l im i ted to occu r a t water and i ce sa tu ra ti on .
Suggests tha t the Meyers parameterisation

overestimates the rate of deposition ice
nucleation in th is case.

- Suggesti on tha t other i ce nu clea ti on
mechan i sms (e .g . Immersion freezing ) may

have i n flu ence i n the Arcti c envi ronment. Th i s
conclu s i on ha s been reached by other au thors

modell i n g the m ixed -pha se cloud s i n th i s reg ion
(e .g . d e Boer et a l . 2 01 1 [3 ] ) .

Fi g . 3 : Secti on 2 observa ti on s of i ce
con cen tra ti on a nd LW m ixi n g ra ti o
from the 2DS and CDP i n strumen ts .

Box edges : 2 5 th a nd 75 th percen ti le s ,
Med i a n : | , a n d Mean : e i th er O or X for
the i ce a nd l i q u i d d a ta respecti ve ly.

Better a g reemen t wi th
observa ti on s when i ce nu clea ti on
i s restri cted to occu r on ly when

liqu id water i s present.

Fi g . 1 : F l i g h t tra ck of B762 showi n g secti on 1 (b lu e )
a n d secti on 2 (red , d a shed ) . D ropsonde re lea se

loca ti on i s ma rked (b la ck sta r) . Observa ti on s from
secti on 2 close to the d ropsonde loca ti on a re u sed for

mode l compa ri son .

Si on ly

Fi g . 4 : I ce con cen tra ti on s a nd LW m ixi n g ra ti os
ou tpu t from the LEM u s i n g the sta nd a rd

Meyers pa rameteri sa t i on for i ce nu clea ti on . N o
l i q u i d wa ter i s mode lled , wi th i ce prod u cti on
vi a d epos i t i on nu clea ti on (no wa ter presen t)
a bove 1 200m . Su g g ests th a t the ra te of

d epos i t i on i ce nu clea ti on i s over-pred i cted .
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5 . Fu rther Work
- Fu rther deve lopment requ i red to

improve LW mixing ratio agreement
with observa ti on s .

- Sen s i ti vi ty stud i es to i denti fy
lim itations of the restricted version of

the Meyers pa rameteri sa ti on , wi th
compari son to other observa ti on s

du ri ng the ACCACIA spri ng time
campa ig n .

- Fu rther i n vesti g a ti on i n to th i s
improved represen ta ti on by

i n corpora ti ng a double-moment
microphysics scheme (e .g . Morri son et
a l . 2 005 [4 ] ) i n to the LEM to add i ti ona lly
model d roplet number concen tra ti on s .

Si and Sw

requ ired

Fi g . 2 : Li d a r d a ta from
secti on 1 of the fl i g h t.
The strong s i g n a ls be low
~2000m a re i n d i ca t i on s of

a l i q u i d clou d top .
H owever, clou d depth

ca nnot be i n ferred d u e to
s i g n a l a ttenu a ti on by the

l i q u i d la yer. The
maximum a lt i tu d e

a ch i eved by secti on 2
observa ti on s i s noted

(~1 43 1 m ) .

F i g . 5 : I ce con cen tra ti on s a nd LW m ixi n g ra ti os ou tpu t from the
LEM when i ce nu clea ti on i s restri cted to occu r when both wa ter

a nd i ce sa tu ra ti on a re rea ched . A clou d i s formed a t ~1 000m wh i ch
d i ss i pa tes wi th i n 6 hou rs , wh i le a nother forms a t ~500m when the

mode l ru n time rea ches 9 hou rs . A l i q u i d la yer i s con s i sten tly
mode lled a t the clou d tops wi th i ce be low.




