
ICINA	  
Ice	  Clouds	  and	  Ice	  Nuclea/on	  in	  Arc/c	  	  

MODELLING	  ICE	  NUCLEATION	  

NASA	  A3ernoon	  Train	  group	  of	  satellites	  
with	  LIDAR	  equipped	  CALIPSO	  
	  	  

ICE	  NUCLEATION	  EXPERIMENTS	  

ORIGIN	  AND	  PROPERTIES	  OF	  ARCTIC	  AEROSOLS	   PROPERTIES	  OF	  CLOUDS	  &	  GLOBAL	  MODELS	  

AFFECTING	  THE	  ARCTIC	  CLIMATE	  

PROJECT	  OUTCOMES	  
New	  tools	  for	  measuring	  and	  modelling	  
of	  key	  processes	  related	  to	  Arc/c	  ice	  
and	  mixed	  phase	  cloud	  forma/on	  

Predic/ng	  how	  forma/on	  
and	  proper/es	  of	  Arc/c	  

clouds	  change	  in	  the	  future	  

?
FROM	  AEROSOLS	  
TO	  ICE	  IN	  CLOUDS	  
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Ground	  sta/on	  measurements	  of	  ice	  
nuclei	  (IN)	  concentra/ons	  and	  types	  in	  
the	  Arc/c	  and	  sub-‐Arc/c	  

Satellite	  observa/ons	  of	  dust	  transport	  
into	  Arc/c	  

Aerosol	  transport	  modeling	  of	  aerosol	  
origin	  

Analysis	  of	  rela/ve	  contribu/on	  of	  local	  
sources	  vs	  long	  range	  transport	  of	  IN	  
ac/ve	  par/cles	  

Modelling	  the	  change	  in	  aerosol	  IN	  
proper/es	  during	  atmospheric	  aging	  

Remote	   sensing	   by	   ground	   and	  
satellite	  based	  LIDARs	  

Cloud	   droplet	   &	   ice	   par/cle	  
residue	  measurements	  

Cloud	   scale	   process	  modeling	   of	  
cloud	  dynamics	  

New	   parameteriza/ons	   for	  
mixed	   and	   ice	   phase	   cloud	  
dynamics	  in	  global	  climate	  model	  

Be\er	   simula/ons	   for	   radia/ve	  
proper/es	  of	  Arc/c	  atmosphere	  

Improving	  regional	  climate	  and	  air	  
quality	  predic/ons,	  help	  target	  climate	  
change	  mi/ga/on	  and	  adapta/on	  

SPIN:	   a	   portable	   ice	   nucleus	   counter,	  
based	   on	   a	   con/nuous	   flow	   diffusion	  
chamber	   –	   laser,	   two	   light-‐sca\ering	  
detectors	   and	   two	   polarized	   light	  
detectors	   allow	   discrimina/on	   of	   ice	  
par/cles	  from	  other	  par/cles	  

Developing	  a	  portable	  combined	  airborne	  
LIF	  (Laser	  Induced	  Fluorescence)	  and	  LIBS	  
(Laser	   Induced	  Breakdown	  Spectroscopy)	  
measurement	  system	  within	  the	  project	  

EDB	   levita/on	   of	   aerosol	   par/cle	  
for	  laser	  induced	  spectroscopy	  (le3)	  
LIBS	   spectrum	   of	   airborne	   Bacillus	  
licheniformis	  bacteria	  (right)	  	  

State-‐of-‐the-‐art	   molecular	   level	  
modelling	  tools	  to	  gain	  fundamental	  
understanding	  on	  ice	  nuclea/on	  and	  
to	   construct	   a	   molecular	   level	  
theore/cal	   framework	   describing	  
the	  ice	  nuclea/on	  processes	  
	  
QM/MM	  method	  development	  
	  
Direct	   comparison	   to	   laboratory	  	  
experiments	   for	   s imple	   test	  
substances	   and	   for	   more	   complex	  
atmospherically	  relevant	  aerosols	  
	  
Bridging	   the	   gap	   between	   all-‐atom	  
simula/ons	   and	   macroscopic	  
models,	  such	  as	  CNT	  
	  
Genera/ng	  a	   realis/c	  descrip/on	  of	  
the	  ice	  nuclea/on	  process	  for	  global	  
models	  

Determining	   the	   ice	   nuclea/on	   ac/vity	   of	   the	  
most	   important	   aerosol	   types	   in	   the	   Arc/c,	  
studying	   how	   condensa/on	   and	   aging	   affects	  
proper/es,	   determining	   par/cle	   composi/on,	  
comparison	  to	  theory	  for	  simple	  test	  systems	  

	  

Winter/me	  Arc/c	  atmosphere	  has	  two	  typical	  states:	  
•  mixed	  phase	  clouds	  (thick	  cloud	  cover,	  warming)	  	  

•  radia/vely	  clear	  state	  (~40-‐60	  W/m2	  more	  LW	  radia/on	  out)	  

How	  aerosols	  are	  affec/ng	  the	  cloud	  phase?	  

What	  are	  the	  radia/ve	  proper/es	  of	  Arc/c	  atmosphere?	  

Representa/on	  of	  clouds	  in	  global	  models	  

Feedback	  mechanisms	  relevant	  for	  the	  Arc/c	  climate	  

	  


