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1)	  M36S	  cloud	  radar	  at	  our	  ins3tute	  
  miraMACS	  –	  part	  of	  the	  Munich	  Aerosol	  Cloud	  Scanner	  
  Modifica8ons	  and	  lessons	  learned	  

2)	  3D	  cloud	  reconstruc3on	  using	  miraMACS	  
  Mo8va8on,	  scan	  strategies	  and	  interpola8on	  methods	  
  Sensi8vity	  to	  scan	  resolu8on	  and	  scan	  stratgies	  
  Applica8on	  to	  real-‐world	  cases	  

3)	  Radar	  sensi3vity	  towards	  liquid	  cumulus	  clouds	  
  Nominal	  and	  measured	  detec8on	  limit	  

  Coherent	  and	  incoherent	  averaging	  and	  decoherence	  

Outline	  
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M36S	  cloud	  radar	  at	  our	  ins3tute 
>>	  Capturing	  the	  3D	  structure	  of	  single	  clouds	  <<	  
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our	  new	  measurement	  plaAorm	  in	  a	  nutshell 

  Task: Passive and active observations of convective cloud sides 
  Goal: Retrieval of microphysics in their vertical extent 

MACS	  –	  Munich	  Aerosol	  Cloud	  Scanner	  

MIRA	  

SPECIM	  

spectral	  range	  	  	  	  	  	  	  	  400	  -‐	  1000	  	  nm	  
spectral	  resolu3on	  	  	  	  	  	  	  	  	  	  	  	  	  	  2.8	  nm	  
spectral	  bands	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  768	  

970	  -‐	  2500	  	  nm	  
10	  nm	  

256	  

SSARA	  
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-‐ 	  aligned	  with	  beam	  propaga8on	  direc8on	  
-‐ 	  weather	  proof	  

Beam	  Webcam	  

 enhanced	  poin8ng	  accuracy	  	  
 con8nuous	  documenta8on	  
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	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Solid	  State	  Disks	  	  	  	  	  	  	  
accelera8on	  and	  vibra8ons	  during	  scans	  	  
were	  considerably	  at	  the	  beginning	  

aFer	  several	  scanning	  episodes	  HDDs	  started	  
to	  fail	  with	  bad	  sectors	  

adjusted	  the	  feedback	  loop	  and	  replaced	  HDDs	  
with	  solid	  state	  disks	  	  
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miraMACS	  –	  Gravity	  waves	  
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miraMACS	  –	  Gravity	  waves	  
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miraMACS	  –	  Snow	  seeding?	  
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miraMACS	  –	  Side	  lobe	  effect	  
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miraMACS	  –	  Side	  lobe	  effect	  
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miraMACS	  –	  Ultragiant	  aerosol?	  



19!
Ludwig-Maximilians!
Universität München!
Meteorologisches Institut!

Volumetric cloud reconstruction and cloud radar 
sensitivity to liquid cumulus clouds!

Florian Ewald!

miraMACS	  –	  Ultragiant	  aerosol?	  



20!
Ludwig-Maximilians!
Universität München!
Meteorologisches Institut!

Volumetric cloud reconstruction and cloud radar 
sensitivity to liquid cumulus clouds!

Florian Ewald!

miraMACS	  –	  Ultragiant	  aerosol?	  



21!
Ludwig-Maximilians!
Universität München!
Meteorologisches Institut!

Volumetric cloud reconstruction and cloud radar 
sensitivity to liquid cumulus clouds!

Florian Ewald!

miraMACS	  –	  Ultragiant	  aerosol?	  



22!
Ludwig-Maximilians!
Universität München!
Meteorologisches Institut!

Volumetric cloud reconstruction and cloud radar 
sensitivity to liquid cumulus clouds!

Florian Ewald!

miraMACS	  –	  Or	  Chaff?	  
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miraMACS	  –	  RHIs	  from	  today	  
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miraMACS	  –	  RHIs	  from	  today	  



25!
Ludwig-Maximilians!
Universität München!
Meteorologisches Institut!

Volumetric cloud reconstruction and cloud radar 
sensitivity to liquid cumulus clouds!

Florian Ewald!

miraMACS	  –	  cloud	  evolu8on	  
Looking	  through	  one	  specific	  cloud	  during	  its	  evolu8on 
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Volumetric	  reconstruc3on	  of	  clouds 
>>	  Capturing	  the	  3D	  structure	  of	  single	  clouds	  <<	  
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1	  

2	  

miraMACS	  –	  3D	  Reconstruc8on	  	  
Reducing	  the	  number	  of	  degrees	  of	  freedom	  in	  passive	  microphysical	  retrievals 
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miraMACS	  –	  cloud	  reconstruc8on	  
Reconstruc8ng	  a	  cloud	  from	  a	  set	  of	  radar	  slices 
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miraMACS	  –	  scan	  strategies	  
The	  various	  methods	  to	  sample	  a	  cloud	   

Fieldings	  et	  al.	  (2013)	  
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miraMACS	  –	  interpola8on	  methods	  
The	  methods	  to	  interpolate	  in-‐between	  profiles 

Nearest	  Neighbor	   Barycentric	  Interpola8on	   Natural	  Neighbor	  

+	  very	  simple	  and	  fast	  
-‐ 	  no	  smooth	  field	  
-‐ 	  unsuitable	  for	  coarse	  
	  	  	  sampling	  

+	  smooth	  field	  
-‐	  	  simplices	  some8mes	  
	  	  	  	  visible	  

+	  adap8ve	  to	  grid	  
-‐ 	  	  numerical	  unstable	  

based	  on	  Delaunay	  triangula8on	  /	  Voronoi	  diagram	  
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miraMACS	  –	  natural	  neighbor	  
The	  methods	  to	  interpolate	  in-‐between	  profiles 
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miraMACS	  –	  interpola8on	  methods	  
The	  methods	  to	  interpolate	  in-‐between	  profiles 

Sim.	  Radar	  Beams	   Model	  Cloud	   Voronoi	  Triangula8on	  

Nearest	  Interp.	   Barycentric	  Interp.	   Natural	  Interp.	  
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Analysis	  of	  the	  reconstruc8on	  
Finding	  the	  suitable	  interpola8on	  method	  and	  scanning	  resolu8on	   

Radar	  Simulator	   Scan	  strategies	  

Interpola8on	  Reconstruc3on	  

Cloud	  Model	  

Gridded	  LWC	  True	  LWC	  

3D	  Radia3on	  model	  (MYSTIC)	  

?	  
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Sensi3vity	  to	  interpola8on	  method	  
Which	  interpola8on	  method	  reproduces	  the	  original	  cloud	  best? 

Original	  Cloud	  
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Sensi3vity	  to	  interpola8on	  method	  

Nearest	  Neighbor	  Interpola8on	  

Which	  interpola8on	  method	  reproduces	  the	  original	  cloud	  best? 
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Sensi3vity	  to	  interpola8on	  method	  

Barycentric	  Interpola8on	  

Which	  interpola8on	  method	  reproduces	  the	  original	  cloud	  best? 
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Sensi3vity	  to	  interpola8on	  method	  

Natural	  Neighbor	  Interpola8on	  

Which	  interpola8on	  method	  reproduces	  the	  original	  cloud	  best? 
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Sensi3vity	  to	  scan	  resolu8on	  

Natural	  Neighbor	  (1°	  resolu8on)	  

Finding	  a	  compromise	  between	  scan	  resolu8on	  and	  scan	  dura8on 
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Sensi3vity	  to	  scan	  resolu8on	  

Natural	  Neighbor	  (3°	  resolu8on)	  

Finding	  a	  compromise	  between	  scan	  resolu8on	  and	  scan	  dura8on 
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Sensi3vity	  to	  scan	  resolu8on	  

Natural	  Neighbor	  (5°	  resolu8on)	  

Finding	  a	  compromise	  between	  scan	  resolu8on	  and	  scan	  dura8on 
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Applica3on	  to	  real-‐world	  cases	  
Does	  the	  cloud	  reconstruc8on	  work	  in	  real-‐world	  cases? 

miraMACS	   Scan	  strategies	  

Interpola8on	  Reconstruc3on	  

Real	  Cloud	  

Gridded	  LWC	  

3D	  Radia3on	  
model	  (MYSTIC)	  

?	  
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Real-‐world	  applica8on	  
Why	  should	  we	  care	  about	  clouds	  at	  all? 
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Applica3on	  to	  real-‐world	  cases	  
Does	  the	  cloud	  reconstruc8on	  work	  for	  real-‐world	  cases? 
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Applica3on	  to	  real-‐world	  cases	  
Does	  the	  cloud	  reconstruc8on	  work	  for	  real-‐world	  cases? 

Conclusion	  and	  further	  work	  steps	  that	  need	  to	  be	  done:	  
 	  Cloud	  reconstruc8on	  from	  cloud	  radar	  measurements	  is	  possible!	  	  
 	  Matching	  cloud	  reconstruc8ons	  with	  spectrometer	  measurements	  	  
 	  Incorpora8ng	  both	  datasets	  into	  a	  synergis8c	  retrieval	  	  
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Cloud	  radar	  sensi3vty 
>>	  You	  simply	  have	  to	  integrate	  long	  enough,	  stupid!	  ...	  Really?	  <<	  
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miraMACS	  –	  Nominal	  sensi8vity	  
Influence	  of	  distance	  and	  droplet	  size 

Hildebrand	  and	  Sekhorn	  (1974)	  
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miraMACS	  –	  Nominal	  Sensi8vity	  
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miraMACS	  –	  Nominal	  Sensi8vity	  
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miraMACS	  –	  Nominal	  Sensi8vity	  
Influence	  of	  distance	  and	  droplet	  size 

Distance	  between	  radar	  and	  lower	  leF	  corner	  =	  7	  km	  
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miraMACS	  –	  Nominal	  Sensi8vity	  
Influence	  of	  distance	  and	  droplet	  size 
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miraMACS	  –	  Measured	  Sensi8vity	  
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miraMACS	  –	  Measured	  Sensi8vi8y	  
Influence	  of	  incoherent	  averaging	  length	  (NFFT=256) 
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miraMACS	  –	  Measured	  Sensi8vi8y	  
Influence	  of	  incoherent	  averaging	  length	  (NFFT=256) 

0.5	  seconds	  
10	  x	  256	  FFTs	  
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miraMACS	  –	  Missing	  Sensi8vity?	  
Consequence	  of	  pulse	  width	  doubling	  and	  spectrum	  broadening 

Narrow	  Peak	  

Broad	  Peak	  

same	  power	  

threshold	  
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IQ	  data	  –	  knowledge	  refresher	  

quadrature-‐phase	  (Q)	  

in-‐phase	  (I)	  

I	  =	  A	  cos(Φ)	  	  	  	  Q	  =	  A	  sin(Φ)	  	  

A2	  =	  I2	  +	  Q2	  	  	  
Φ	  =	  arctan(Q/I)	  	  

I	  

Q	  

A	  
Φ	  

Noise	  
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IQ	  data	  –	  8meseries	  (t=0ms)	  



58!
Ludwig-Maximilians!
Universität München!
Meteorologisches Institut!

Volumetric cloud reconstruction and cloud radar 
sensitivity to liquid cumulus clouds!

Florian Ewald!

IQ	  data	  –	  8meseries	  (t=50ms)	  
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IQ	  data	  –	  8meseries	  (t=100ms)	  
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IQ	  data	  –	  8meseries	  (t=150ms)	  

750	  meter	   3600	  meter	  
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IQdata	  –	  In/Coherent	  averaging	  



62!
Ludwig-Maximilians!
Universität München!
Meteorologisches Institut!

Volumetric cloud reconstruction and cloud radar 
sensitivity to liquid cumulus clouds!

Florian Ewald!

IQdata	  –	  In/Coherent	  averaging	  
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IQdata	  –	  Decoherence	  Noise?	  
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IQdata	  –	  Decoherence	  Noise?	  
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Coherent	  (Back-‐)ScaYering?	  

 Chris8an	  Pause	  (PhD	  Topic)	  

Argyrouli	  et	  al.	  (2012):	  	  
The	  clustering	  of	  par8cles	  inside	  the	  cloud	  
volume	  results	  in	  a	  radar	  response	  
devia8ng	  from	  the	  one	  predicted	  by	  the	  
standard	  radar	  theory.	  […]	  Therefore,	  the	  
radar	  reflec8vity	  sensi8vity	  of	  a	  ground-‐
based	  cloud	  radar	  may	  not	  be	  sufficient	  
for	  detec8ng	  backscaoered	  signals	  from	  
water	  clouds.	  

Erkelens	  et	  al.	  (2001):	  
Coherent	  par8cle	  scaoering	  can	  
considerably	  enhance	  the	  reflec8ons	  […].	  
In	  parts	  of	  cumulus	  clouds	  coherent	  
scaoering	  from	  droplets	  may	  be	  a	  
domina8ng	  scaoering	  mechanism	  [due	  to	  
droplet	  concentra8on	  fluctua8ons]	  

Kobayashi	  et	  al	  (2004):	  	  
For	  95	  GHz	  (3.1	  mm)	  radar	  and	  water	  
droplets	  of	  1	  𝑚𝑚	  diameter	  and	  a	  density	  
of	  5000	  𝑚−3	  backscaoering	  should	  −3	  backscaoering	  should	  
increase	  by	  1	  -‐	  2	  𝑑𝐵.	  
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