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  snowfall	
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  for	
  all	
  and	
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  An	
  improved	
  algorithm	
  for	
  polar	
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  detecEon	
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  over	
  the	
  ice	
  sheets,	
  AMT	
  (2014)	
  

Theore2cal	
  working	
  of	
  the	
  Polar	
  Threshold	
  
algorithm	
  for	
  detec2ng	
  cloud	
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  height	
  



Cloud	
  occurrence	
  frequency	
  (COF)	
  
	
  for	
  each	
  cloud	
  type	
  and	
  snowfall	
  

0 0.2 0.4 0.6 0.8 1
0

10

20

30

40

50

To
ta

l f
re

qu
en

cy
, %

Hourly COF

Cl
ea
r&s
ky
:&5
1%

&

Par/ally&cloudy:&13%&

Overcast:&
35%&

Ice$
clouds/
precip:$
22%$
&

Liquid:$
$7%$

Snow:$
6%$

summer/fall	
  2010-­‐2012	
  

Ø  Gorodetskaya	
  et	
  al	
  “Cloud	
  and	
  precipitaEon	
  properEes	
  from	
  ground-­‐based	
  remote	
  sensing	
  
instruments	
  in	
  East	
  AntarcEca”,	
  Cryosphere	
  2015	
  



16	
  

...in	
  regional	
  climate	
  models	
  



Regional	
  climate	
  model	
  RACMO2.3-­‐ANT	
  

•  New	
  model	
  version	
  RACMO2.3,	
  simula@on	
  over	
  
Dronning	
  Maud	
  Land	
  5.5x5.5	
  km	
  horiz	
  rez	
  

	
  
•  Updates	
  in	
  this	
  model	
  version	
  (Van	
  Wessem	
  et	
  al.	
  TC	
  2013):	
  	
  
Ø  cloud	
  ice	
  super-­‐satura@on	
  (Tompkins	
  and	
  Gierens	
  2007)	
  
Ø  precipita@on	
  forma@on	
  (increase	
  in	
  auto-­‐conversion	
  coeff)	
  
Ø  radia@ve	
  flux	
  scheme	
  (McRad,	
  Morcrege	
  et	
  al.	
  2008)	
  
Ø  turbulent	
  flux	
  scheme	
  (EDMF,	
  Siebesma	
  et	
  al.	
  2007)	
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Modèle	
  Atmosphéric	
  Régional	
  (MAR)	
  

•  Simula@on	
  over	
  
Dronning	
  Maud	
  
Land	
  centered	
  over	
  
Derwael	
  Ice	
  rise,	
  5	
  
km	
  horiz	
  rez	
  

18	
  

Ø  2-­‐moment	
  cloud	
  scheme	
  for	
  ice	
  clouds	
  (ice	
  nuclea@on	
  parameteriza@on	
  
following	
  Meyers	
  et	
  al	
  1992;	
  Prenni	
  et	
  al.	
  2007)	
  	
  

Ø  1-­‐moment	
  cloud	
  scheme	
  for	
  other	
  hydrometeors	
  (cloud	
  droplets,	
  rain	
  drops	
  
and	
  	
  snow	
  par@cles)	
  



Snowfall	
  evalua@on	
  
1.	
  observa@ons-­‐to-­‐model	
  approach:	
  comparing	
  SR	
  

MAR	
  model	
  

RACMO	
  model	
  



Snowfall	
  evalua@on	
  
1.	
  observa@ons-­‐to-­‐model	
  approach:	
  comparing	
  SR	
  

PE	
  MRR	
  snowfall	
  rate,	
  mm	
  w.e.	
  

PE	
  SR	
  <	
  1	
  mm	
  w.e.	
   PE	
  SR	
  	
  1	
  ≥	
  mm	
  w.e.	
  



Snowfall	
  evalua@on:	
  
model-­‐to-­‐observa@ons	
  approach:	
  comparing	
  Ze	
  

Forward	
  model	
  
PAMTRA	
  –	
  Passive	
  and	
  
Ac@ve	
  Microwave	
  radia@ve	
  
transfer	
  model	
  
Ø  Used	
  to	
  synthesize	
  
Ze	
  at	
  24	
  GHz	
  (MRR)	
  for	
  
MAR	
  model	
  
	
  
MAR	
  parameters	
  used:	
  
•  V(D)	
  for	
  snow	
  based	
  on	
  

graupel-­‐like	
  sow	
  of	
  
hexagonal	
  type	
  from	
  
Locatelli&Hobbs	
  (1974)	
  

•  m(D):	
  fixed	
  snow	
  
density	
  =	
  100	
  kg	
  m-­‐3	
  

•  Snowfall	
  N(D):	
  exp	
  
(Marshall-­‐Palmer)	
  

	
  



Snowfall	
  evalua@on:	
  
model-­‐to-­‐observa@ons	
  approach:	
  comparing	
  Ze	
  

PE	
  MRR	
  Ze	
  on	
  1-­‐min	
  scale	
  during	
  2012	
  
(from	
  Gorodetskaya	
  et	
  al,	
  Cryosphere	
  2015)	
  

Ze	
  forward-­‐modeled	
  using	
  PAMTRA	
  for	
  
MAR	
  RCM	
  snowfall	
  (full	
  model	
  rage)	
  



Conclusions	
  
Ø  Antarc2c	
  surface	
  mass	
  balance	
  is	
  dependent	
  on	
  many	
  processes	
  =>	
  

integrated	
  measurements	
  and	
  analysis	
  are	
  needed	
  for	
  model	
  evalua@on	
  
and	
  process	
  understanding	
  

Ø  New	
  observatory	
  installed	
  within	
  HYDRANT	
  project	
  in	
  East	
  Antarc2ca	
  
	
   	
  provides	
  ground-­‐based	
  remote	
  sensing	
  of	
  clouds	
  and	
  precipita@on,	
  	
  	
  	
  
	
   	
  +	
  meteorological	
  parameters,	
  snow	
  accumula@on	
  and	
  radia@ve	
  fluxes	
  
Ø  Derived	
  parameters	
  include:	
  
-­‐  Cloud/precipita@on	
  base	
  height	
  
-­‐  Cloud	
  types	
  (ice	
  clouds	
  and	
  virga,	
  mixed-­‐phase	
  clouds)	
  
-­‐  Snowfall	
  rate	
  
-­‐  SMB	
  components	
  (sublima@on	
  –	
  sfc	
  and	
  driYing;	
  wind	
  erosion)	
  
	
  
Ø  MRR	
  measurements	
  =>	
  high-­‐resolu@on	
  es@mates	
  of	
  snowfall	
  rate	
  and	
  

rela@onship	
  to	
  SMB	
  +	
  direct	
  comparison	
  using	
  forward	
  modeling	
  (avoids	
  
uncertain@es	
  in	
  SR	
  es@mates)	
  

Ø  Regional	
  climate	
  models	
  tend	
  to	
  overes@mate	
  intense	
  snowfall	
  events	
  =>	
  
need	
  for	
  parameteriza@on	
  improvements	
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2.2 METHODS 

The AEROCLOUD project consists of four components, a data processing component, a modelling 
component, an analysis component and a valorisation component (Figure 2). During the data 
processing component, the AEROCLOUD database will be created, which is an extensive 
database of cloud, precipitation and aerosol characteristics. Existing instrumentation (Table 1), 
which is a unique in Antarctica, will be exploited for this purpose. Meteorological conditions will be 
characterised from the radiosonde launches and the Automatic Weather Station (AWS). To extend 
the continuous time series since 2009, a replacement of the AWS is necessary and planned for the 
summer season 2015/2016. Cloud and precipitation properties will be characterised from the 
instruments, indicated with 1 in Table 1. To derive profiles of snow intensity from the precipitation 
radar, a special processing scheme is necessary, because the standard routine was mainly 
developed for rain observations. In close collaboration with Institute for Geophysics and 
Meteorology Köln (IGMK; Cologne, Germany), existing algorithms that they developed (Kneifel et 
al. 2011, Maahn and Kollias, 2012) will be refined and adapted to the special conditions in 
Antarctica. 

 
Figure 2: Overview of the AEROCLOUD project. 

The atmospheric aerosol type will be identified from the suite of instrumentation at PE, indicated 
with 2 in Table 1. Aerosol properties like mean size, number size distribution, presence of particle 
formation events, spectral dependencies of scattering, absorption and single scattering albedo 
enable to classify the aerosol type. These characteristics will provide accurate input for planned 
Mie calculations, the results of which will feed into more detailed radiative transport calculations in 
order to constrain further the aerosol type. 

Aerosol type and critical diameter for droplet activation, Cloud Condensation Nuclei (CCN) and Ice 
Nuclei (IN) properties are crucial parameters to assess the impact of aerosols on cloud 
microphysics. With a Cloud Condensation Nuclei counter (CCNc; Roberts and Nenes, 2005), the 
CCN concentration and the aerosol critical diameter for cloud droplet activation will be determined. 
Furthermore, the aerosol characterisation will be extended to assign ice nuclei concentrations, 
based on the found aerosol physical properties, composition, water supersaturation with respect to 
ice and on literature data (e.g., Hoose and Möhler, 2012; Koop et al., 2000; Pruppacher and Klett, 
1997).  

It is essential that the measured boundary-layer aerosol can be linked to higher atmospheric levels, 
in particular to the cloud level. To this aim, a Pandora instrument (Herman et al., 2009) will be 
installed in summer 2014/15 for operation during the successive summer seaons. Pandora 
implements a multi-axis scattered sunlight measurement mode, which consists in successive 
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