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We	
  show	
  remote	
  and	
  in-­‐situ	
  observaLons	
  that	
  indicate	
  the	
  
persistence	
   of	
   ash	
   in	
   a	
   stratospheric	
   volcanic	
   plume	
  
following	
  the	
  erupLon	
  of	
  the	
  Mt.	
  Kelud	
  (Java)	
   in	
  February,	
  
2014.	
   Climate	
   models	
   typically	
   assume	
   stratospheric	
  
volcanic	
   plumes	
   to	
   be	
   purely	
   sulfate.	
   The	
   iniLal	
   erupLon	
  
and	
   subsequent	
   dispersion	
   of	
   the	
   plume	
   in	
   tropical	
  
laLtudes	
   were	
   captured	
   by	
   the	
   CALIPSO	
   lidar.	
   IniLal	
  
depolarizaLon	
   measurements	
   of	
   ~0.3-­‐0.4	
   indicated	
   the	
  
presence	
  of	
   ash	
  parLcles	
   in	
   the	
  plume,	
  while	
   reducLon	
  of	
  
depolarizaLon	
   to	
   ~0.1-­‐0.2	
   in	
   the	
   following	
   month	
   was	
  
consistent	
   with	
   sulfate	
   parLcle	
   formaLon,	
   but	
   with	
   a	
  
persistent	
   ash	
   component.	
   In	
  May	
   2014,	
   we	
   conducted	
   a	
  
field	
  campaign,	
  based	
  in	
  Darwin,	
  Australia.	
  We	
  made	
  in-­‐situ	
  
balloon-­‐borne	
  measurements	
   of	
   the	
   Kelud	
   volcanic	
   plume	
  
to	
  characterize	
  parLcle	
  size,	
  opLcal	
  properLes,	
  and	
  volaLle	
  
fracLon	
  of	
   the	
   aerosol.	
  We	
   conducted	
   four	
   flights	
   of	
   two-­‐
channel	
   Compact	
   Op:cal	
   BackscaMer	
   Aerosol	
   Detector	
  
(COBALD)	
   backsca_er	
   sondes	
   under	
   small	
   balloons,	
   and	
   a	
  
single	
  flight	
  of	
  combined	
  heated	
  and	
  unheated	
  U.	
  Wyoming	
  
Op:cal	
   Par:cle	
   Counters	
   (OPCs)	
   with	
   COBALD	
   under	
   a	
  
large	
   balloon.	
   The	
   observaLons	
   show	
   a	
   double	
   peak	
   of	
  
backsca_er	
   in	
   the	
   verLcal,	
   and	
   confirm	
   the	
   presence	
   of	
  
larger	
  non-­‐volaLle	
  parLcles	
  in	
  the	
  lower	
  part	
  of	
  the	
  plume.	
  	
  

The	
   erupLon	
   of	
   Mt.	
   Kelud,	
   13	
   Feb.,	
   2014:	
   MODIS(Aqua)	
  
Brightness	
   Temperature	
   (11	
   micron),	
   and	
   CALIPSO	
   total	
  
a_enuated	
   backsca_er	
   curtain	
   showing	
   main	
   volcanic	
  
plume	
  ~18-­‐19	
  km	
  alLtude,	
  extending	
  as	
  high	
  as	
  26	
  km	
  

Volcanic	
  ash	
  detected	
  a	
  month	
  aSer	
  the	
  erup:on	
  

CALIPSO	
  averaged	
  [2oS-­‐3oN]	
  aerosol	
  backscaMer,	
  532	
  nm	
  Vol.	
  
depo.	
  and	
  Col.	
  Rat.	
  (1064/532),	
  14	
  March,	
  2014.	
  
Depolariza(on	
  values	
  of	
  0.05-­‐0.1	
  at	
  18-­‐21	
  km	
  consistent	
  with	
  a	
  
mix	
  of	
  ash	
  and	
  sulfate	
  .	
  	
  

Depolarizing	
  layers	
  :	
  	
  
Presence	
  of	
  aspherical	
  
parLcles	
  :	
  Ash	
  

VerLcal	
  Gradient	
  of	
  CR	
  (larger	
  
parLcles	
  at	
  the	
  bo_om	
  of	
  the	
  
plume)	
  

KLASH	
  deployment:	
  
10-­‐day	
   balloon	
   field	
   experiment	
   in	
  Darwin	
   (Australia)	
  May,	
  
2014.	
   Rapid	
   Response,	
   with	
   criLcal	
   support	
   from	
   NASA	
   HQ	
  
(Considine,Kaye),	
   CALIPSO	
   (Trepte),	
   SAGE	
   (Thomason),	
  
Australian	
  BOM	
  (Atkinson),	
  CASA.	
  

	
  

KLASH	
  objec:ves	
  

1.	
  Establish	
  aerosol	
  size	
  and	
  sulfate/ash	
  parLLoning	
  
2.	
  Validate	
  CALIPSO	
  measurements	
  	
  
3.	
  Derive	
  opLcal	
  parameters	
  (lidar	
  raLo,	
  ash	
  exLncLon),	
  
mass	
  concentraLon	
  (OPC),	
  for	
  use	
  by	
  CALIPSO,	
  validaLon	
  
of	
  other	
  sensors,	
  e.g.	
  OMPS	
  (Rault).	
  	
  
4.	
  Provide	
  radiaLve	
  forcing	
  esLmates	
  
	
  
	
  

Trajectory-­‐mapped	
  plume	
  forecast	
  
05/17	
  	
  12	
  Z	
  	
  21.30LT	
  

Preliminary	
  results:	
  	
  First	
  COBALD	
  flight	
  (5/17)	
  

-­‐  Kelud	
  Plume	
  observed	
  near	
  
18-­‐22	
  km	
  	
  

-­‐ Double	
  peak	
  in	
  Sca_ering	
  RaLo;	
  
later	
  OPC	
  flight	
  indicates	
  larger,	
  
non-­‐volaLle	
  parLcles	
  in	
  lower	
  of	
  
the	
  2	
  peaks.	
  

Red:	
  870	
  nm	
  
Blue:	
  455	
  nm	
  
Green:	
  CR	
  

KLASH	
   was	
   prepared	
   in	
   a	
   short	
   Lme	
   with	
   criLcal	
  
support	
   from	
   CALIPSO,	
   SAGE	
   groups,	
   NASA	
   HQ	
   (D.	
  
Considine	
  and	
  J.	
  Kaye)	
  
	
  
Successfully	
  sampled	
  the	
  Kelud	
  plume	
  at	
  ~18-­‐22	
  km	
  and	
  
found	
  	
  evidence	
  for	
  ash	
  parLcles,	
  3	
  months	
  aker	
  the	
  
erupLon	
  
	
  
RF	
  sensiLviLes	
  to	
  composiLon	
  suggest	
  that	
  climate	
  
models	
  may	
  need	
  to	
  consider	
  persistence	
  of	
  ash	
  in	
  
stratospheric	
  volcanic	
  plumes,	
  at	
  least	
  for	
  months	
  
following	
  an	
  erupLon	
  
	
  
GEOS-­‐5	
  simulaLons	
  planned	
  to	
  test	
  sensiLvity	
  to	
  
inclusion	
  of	
  ash	
  in	
  stratospheric	
  volcanic	
  plumes	
  

ETH	
  COBALD	
  Balloon	
  Sonde	
  

COBALD	
   is	
   designed	
   to	
   be	
   flown	
   on	
   operaLonal	
   weather	
  
balloons.	
  It	
  uses	
  two	
  high	
  power	
  LEDs	
  in	
  the	
  blue	
  and	
  the	
  near	
  
IR	
  and	
  detects	
  backsca_ered	
  light	
  from	
  air	
  molecules,	
  aerosol	
  
or	
   cloud	
   droplets.	
   Yields	
   esLmates	
   of	
   aerosol	
   (or	
   cloud)	
  
parLcle	
   size	
   and	
   number	
   density.	
   For	
   KLASH,	
   COBALD	
  
integrated	
  with	
  an	
  iMet	
  sonde	
  for	
  data	
  telemetry.	
  

Preliminary	
  OPC	
  data:	
  May	
  20,	
  2014	
  

Map	
  of	
  AOD	
   calculated	
   between	
  18-­‐21	
   km	
  by	
   accumula(ng	
  
CALIPSO	
  observa(ons	
  of	
  the	
  Kelud	
  volcanic	
  cloud	
  between	
  13	
  
and	
  22	
  March	
  2014	
  

Hea(ng	
  rate	
  profiles	
  calculated	
  from	
  the	
  CALIPSO	
  backscaMer	
  	
  
profiles	
  shown	
  above,	
  for	
  sulfate	
  and	
  ash	
  	
  components	
  	
  of	
  the	
  
plume.	
  Ash	
  radii	
  of	
  0.5	
  and	
  1	
  microns	
  are	
  shown.	
  Lidar	
  raLos	
  of	
  70	
  
(ash)	
  and	
  50	
  sr-­‐1	
  (sulfate)	
  are	
  assumed	
  

SW,	
  LW	
  radia(ve	
  forcing	
  (TOA)	
  es(mates	
  
show	
  contribu(ons	
  from	
  sulfate	
  and	
  ash	
  
components	
  of	
  the	
  plume	
  

The	
  U.	
  Wyoming	
  OpLcal	
  ParLcle	
  Counter	
  (OPC)	
  is	
  an	
  in	
  situ	
  
instrument	
  which	
  provides	
  verLcal	
  profiles	
  of	
  size	
  resolved	
  aerosol	
  
concentraLon	
  at	
  8	
  sizes.	
  An	
  addiLonal	
  OPC	
  is	
  used	
  to	
  obtain	
  total	
  
aerosol	
  populaLon	
  (CN).	
  These	
  measurements	
  can	
  be	
  used	
  to	
  
derive	
  unimodal/bimodal	
  lognormal	
  size	
  distribuLons	
  to	
  represent	
  
the	
  measurements.	
  A	
  number	
  of	
  aerosol	
  moments	
  can	
  then	
  be	
  
calculated	
  including	
  aerosol	
  exLncLon,	
  volume,	
  and	
  surface	
  area.	
  	
  	
  

Four	
  backsca_er	
  (COBALD)	
  sondes	
  flown	
  under	
  medium	
  
balloons.	
  One	
  combined	
  heated	
  and	
  unheated	
  OPCs	
  flown	
  
with	
  COBALD,	
  under	
  large	
  balloon	
  

Conclusions	
  

KLASH	
  flights	
  

Some	
  increase	
  in	
  parLcle	
  
depolarizaLon	
  near	
  18	
  km,	
  may	
  
indicate	
  the	
  presence	
  of	
  ash	
  

Evidence	
  of	
  depolariza:on	
  on	
  2nd	
  flight	
  (5/18)	
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CALIPSO:	
  10N-­‐20S	
  
15-­‐24	
  May	
  2014	
  

CALIPSO	
  shows	
  verLcal	
  
gradient	
  in	
  depolarizaLon	
  
indicaLng	
  spherical	
  
parLcles	
  at	
  the	
  top	
  of	
  the	
  
plume	
  and	
  aspherical	
  
below	
  	
  

Blue:	
  parallel;	
  	
  
Red	
  perpendicular	
  
Green:	
  Vol.	
  depol.;	
  
Pink:	
  Part.	
  depol.	
  


