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Dear	
  Dr.	
  Mastin:	
  	
  
	
  
We	
  appreciate	
  your	
  helpful	
  comments	
  to	
  this	
  paper.	
  Your	
  comments	
  have	
  been	
  
very	
   useful	
   to	
   realize	
   the	
   need	
   of	
   further	
   explanation	
   regarding	
   some	
   relevant	
  
concepts	
   presented	
   in	
   the	
   manuscript.	
   Additionally,	
   some	
   of	
   your	
   comments	
  
have	
   prompted	
   us	
   to	
   redo	
   some	
   of	
   the	
   figures.	
   	
   Here	
   you	
   will	
   find	
   our	
   final	
  
answers	
   and	
   manuscript	
   updates	
   in	
   response	
   to	
   your	
   review.	
   The	
   revised	
  
manuscript	
  has	
  also	
  been	
  posted	
  as	
  a	
  supplemental	
  document.	
  Your	
  comments	
  
are	
  in	
  black,	
  while	
  our	
  responses	
  are	
  in	
  blue	
  italics.	
  	
  
	
  
Sincerely,	
  	
  
	
  
Alex	
  Marti.	
  
	
  
	
  
1.	
  Dr.	
  Mastin	
  Review	
  
	
  
Page	
  1,	
  Line	
  16:	
  change	
  “predicts”	
  to	
  “forecasts”	
  
Corrected-­‐	
  Thanks!	
  
	
  
Page	
  2,	
  line	
  19:	
  Why	
  do	
  you	
  call	
  them	
  time	
  slabs?	
  (rather	
  than	
  time	
  slices	
  or	
  time	
  
intervals?).	
  Is	
  a	
  slab	
  a	
  point	
  in	
  time	
  or	
  an	
  interval	
  in	
  time?	
  
Replaced	
  time	
  slabs	
  for	
  time	
  intervals	
  –	
  Thanks!	
  
	
  
Page	
  2,	
  line	
  31.	
  Is	
  NMMB	
  an	
  abbreviation?	
  
NMMB	
   stands	
   for	
   Nonhydrostatic	
   Multiscale	
   Model	
   on	
   the	
   B-­‐grid.	
   	
   This	
  
abbreviation	
   is	
   fully	
   spelled	
   out	
   in	
   Page	
   3,	
   line	
   1	
   -­‐	
   when	
   describing	
   the	
   actual	
  
meteorological	
  core	
  of	
  the	
  model.	
  	
  
	
  
Page	
   3,	
   line	
   7.	
   Here	
   you	
  mention	
   that	
   the	
   NMMB	
   has	
   low	
   computational	
   cost.	
  
Could	
  you	
  add	
  a	
  sentence	
  or	
  two	
  quantifying	
  that?	
  Is	
  it	
  lower,	
  for	
  example,	
  than	
  a	
  
WRF	
   simulation;	
   if	
   so,	
   how	
   is	
   it	
  more	
   computationally	
  more	
   efficient?	
   (maybe	
  
just	
  note	
  that	
  you’ll	
  elaborate	
  later	
  in	
  the	
  article).	
  
Based	
  on	
  the	
  experience	
  of	
  NCEP,	
  the	
  regional	
  version	
  of	
  the	
  NMMB	
  (meteorology	
  
only),	
  with	
  about	
  equal	
  domain	
  and	
  resolution,	
   is	
   several	
   times	
   (>=2)	
   faster	
   than	
  
the	
  ARW.	
  
	
  
Section	
   5.5	
   discusses	
   the	
   computational	
   cost	
   of	
   NMMB/BSC-­‐ASH	
   and	
   its	
  
meteorological	
  core	
  (e.g	
  Fig.	
  13).	
  As	
  suggested,	
  we	
  have	
  included	
  two	
  references	
  to	
  
this	
  section:	
  
	
  
	
  -­‐	
   Page	
   3,	
   lines	
   7-­‐8:	
   “…	
   the	
   low	
   computational	
   cost	
   of	
   the	
   NMMB	
   dynamic	
   core	
  
presented	
  in	
  this	
  work	
  …”	
  
-­‐	
  Page	
  3,	
   line	
  15:	
  “Section	
  5	
  discusses	
  the	
  implementation	
  and	
  performance	
  of	
  the	
  
model…”.	
  	
  
	
  
Page	
  3,	
  line	
  38.	
  What	
  do	
  you	
  mean	
  by	
  a	
  rotated	
  latitude/longitude	
  coordinate?	
  
We	
   follow	
   the	
   Janjic	
   (2003)	
   methodology	
   to	
   rotate	
   the	
   longitude–latitude	
  
coordinates	
  in	
  the	
  model	
  in	
  such	
  a	
  way	
  that	
  the	
  coordinate	
  origin	
  is	
  located	
  in	
  the	
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middle	
   of	
   the	
   integration	
   domain.	
   Rotated	
   latitude-­‐longitude	
   grids	
   are	
   employed	
  
for	
   regional	
   simulations	
   in	
   order	
   to	
   obtain	
   more	
   uniform	
   grid	
   distances.	
   In	
   this	
  
particular	
  case,	
  the	
  horizontal	
  discretization	
  is	
  performed	
  on	
  the	
  Arakawa	
  B-­‐grid,	
  
with	
   the	
   Equator	
   of	
   the	
   rotated	
   system	
   running	
   through	
   the	
   middle	
   of	
   the	
  
integration	
   domain.	
   In	
   this	
   way,	
   the	
   reduction	
   of	
   the	
   longitudinal	
   grid-­‐size	
   is	
  
minimized	
  as	
  the	
  southern	
  and	
  the	
  northern	
  boundaries	
  of	
  the	
  integration	
  domain	
  
are	
   approached.	
   Figure	
   1	
   in	
   Janjic	
   and	
   Gall	
   (2012)	
   illustrates	
   this	
   regular	
   to	
  
rotated	
  grid	
  transformation	
  for	
  a	
  domain	
  centered	
  at	
  38N,92W.	
  

	
  
Figure	
  1.	
  Domain	
  centered	
  at	
  38N,	
  92W	
  projected	
  on:	
  left)	
  a	
  regular	
  latitude	
  longitude	
  map	
  background;	
  b)	
  a	
  
rotated	
  latitude	
  longitude	
  map	
  background	
  (Janjic	
  and	
  Gall,	
  2012).	
  	
  

Section	
  2	
  (Page	
  4,	
  lines	
  1-­‐4):	
  we	
  added	
  a	
  few	
  sentences	
  to	
  describe	
  the	
  rotated	
  lat-­‐
lon	
  projection	
  employed	
  in	
  the	
  NMMB/BSC-­‐ASH	
  regional	
  simulations.	
   In	
  addition,	
  
we	
  added	
  references	
  to	
  the	
  two	
  cited	
  works	
  above.	
  	
  
	
  
Page	
  4,	
  line	
  17.	
  Change	
  “wind	
  fields”	
  to	
  “wind	
  field”.	
  
Corrected-­‐	
  Thanks!	
  
	
  
Page	
  4,	
  lines	
  12-­‐20.	
  Could	
  you	
  explain	
  what	
  you	
  mean	
  by	
  “effective	
  wind	
  fields”?	
  
Also	
  perhaps	
  explain	
  the	
  term	
  “coupling	
  interval”	
  on	
  line	
  19.	
  It	
  would	
  also	
  help	
  to	
  
explain	
  more	
  clearly	
  how	
  the	
  offline	
  approach	
  differs	
  from	
  the	
  online	
  approach.	
  
Good	
  point.	
  We	
  have	
  rewritten	
  the	
  introductory	
  paragraph	
  in	
  Section	
  3	
  to	
  explain	
  
more	
  clearly	
  the	
  difference	
  between	
  the	
  on-­‐line	
  and	
  off-­‐line	
  model	
  approaches,	
  and	
  
to	
  clarify	
  the	
  concept	
  of	
  	
  “effective	
  wind	
  fields”.	
  
Section	
   3	
   (Page	
   4,	
   lines	
   20-­‐27):	
   The	
   on-­‐line	
   version	
   of	
   the	
  model	
   solves	
   both	
   the	
  
meteorological	
   and	
   aerosol	
   transport	
   concurrently	
   and	
   consistently	
   (on-­‐line	
  
coupling).	
   This	
   strategy	
   allows	
   the	
   particle	
   transport	
   to	
   be	
   automatically	
   tied	
   to	
  
the	
   model	
   resolution	
   time	
   and	
   space	
   scales,	
   resulting	
   in	
   a	
   more	
   realistic	
  
representation	
  of	
  the	
  meteorological	
  conditions.	
  In	
  contrast,	
  the	
  off-­‐line	
  approach	
  
uses	
   an	
   “effective	
   wind	
   field”	
   in	
   which,	
   meteorological	
   conditions	
   (e.g.	
   wind	
  
velocity,	
   mid-­‐layer	
   pressure,	
   etc.)	
   are	
   set	
   to	
   constant,	
   and	
   are	
   only	
   updated	
   at	
  
specific	
  coupling	
   intervals	
  (i.e.	
   time	
   for	
  which	
  meteorological	
   fluctuations	
  are	
  not	
  
explicitly	
   resolved).	
   This	
   strategy	
   replicates	
   the	
   off-­‐line	
   coupling	
   effect	
   of	
  
traditional	
  dispersal	
  models	
  used	
  at	
  operational	
  levels	
  (e.g.	
  coupling	
  intervals	
  of	
  1h	
  
or	
  6h).	
  
	
  
Page	
  5,	
  line	
  15.	
  “the	
  vertical	
  distribution	
  of	
  the	
  column	
  shape”:	
  do	
  you	
  mean	
  “the	
  
vertical	
  distribution	
  of	
  mass	
  in	
  the	
  column”?	
  
Yes;	
  Corrected-­‐	
  Thanks!	
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Page	
  5,	
   line	
  24.	
  Clarify	
   that	
  H_plume	
   is	
   the	
   total	
   column	
  height	
   above	
   the	
  vent	
  
(not	
  above	
  sea	
  level).	
  
Thanks!	
   Clarification	
   added	
   in	
   Section	
   3.1.2	
   (Page	
   5,	
   lines	
   24-­‐25):	
   “…:	
   i)	
   point	
  
source,	
  where	
  mass	
   is	
   released	
  as	
  a	
   single	
   source	
  point	
  at	
  a	
  certain	
  height	
  above	
  
the	
  vent,	
  Hplume;	
  …”	
  
	
  
Page	
  5,	
  equation	
  4.	
  Is	
  S(z)	
  in	
  kg/s,	
  or	
  kg/(m	
  s)?	
  Seems	
  like	
  it	
  should	
  be	
  kg/(m	
  s),	
  
but	
  the	
  right-­‐hand	
  side	
  of	
  the	
  equation	
  appears	
  to	
  be	
  in	
  dimensions	
  of	
  the	
  MER,	
  
i.e.	
  kg/s.	
  	
  
Equation	
  4	
  presents	
   the	
   so-­‐called	
  Suzuki	
  distribution	
  of	
  mass	
   in	
   the	
   column	
  with	
  
height,	
  S,	
  and	
  is	
  given	
  in	
  the	
  dimensions	
  of	
  MER	
  (i.e	
  kg/s).	
  	
  
We	
  have	
  removed	
  the	
  term	
  (z)	
  in	
  S(z)	
  and,	
  we	
  have	
  also	
  updated	
  the	
  text	
  to:	
  
	
  
Section	
  3.1.2	
  (Page	
  5,	
  line	
  28):	
  “…where,	
  𝑆	
  is	
  the	
  mass	
  per	
  unit	
  of	
  time	
  (kg/s)…”	
  
	
  
Page	
   6,	
   lines	
   27-­‐28.	
   “The	
   model	
   is	
   based	
   on	
   a	
   solution	
   of	
   the	
   classical	
  
Smoluchowski	
   equation,	
   obtained	
   by	
   introducing	
   a	
   similarity	
   variable	
   and	
   a	
  
fractal	
  relationship	
  for	
  the	
  number	
  of	
  primary	
  particles	
  in	
  an	
  aggregate.”	
  Is	
  this	
  
method	
  described	
   in	
  Costa	
  et	
   al.?	
   If	
  not,	
   you	
  might	
  have	
   to	
  describe	
   it	
   in	
  more	
  
detail	
  here.	
  	
  
The	
   method	
   is	
   well	
   described	
   in	
   Costa	
   et	
   al	
   (2010).	
   In	
   their	
   work,	
   the	
   authors	
  
describe	
  a	
  simplified	
  model	
  for	
  volcanic	
  ash	
  aggregation,	
  which	
  is	
  computationally	
  
cheaper	
   than	
   the	
   full	
   solution	
  of	
   the	
   Smoluchowski	
   [1917]	
   equation.	
   Section	
  2	
   in	
  
their	
  work,	
  describes,	
  first	
  the	
  rate	
  of	
  change	
  of	
  number	
  density	
  of	
  particles	
  defined	
  
by	
   the	
   classical	
   Smoluchowski	
   equation	
   (Eq.	
   1),	
   and	
   then	
   their	
   simplified	
   version	
  
(Eq.	
  2)	
  assuming	
  the	
  conservation	
  of	
  particle	
  mass	
  instead	
  of	
  particle	
  volume	
  and	
  
that	
   all	
   primary	
   particles	
   have	
   the	
   same	
   density	
   (i.e.	
   information	
   on	
   mass	
   size	
  
classes	
  is	
  transferred	
  to	
  the	
  particle	
  classes	
  considered	
  in	
  the	
  transport	
  model).	
  
We	
   have	
   kept	
   the	
   Costa	
   et	
   al	
   (2010)	
   reference	
   for	
   further	
   information	
   on	
   the	
  
Smoluchowski	
  equation.	
  	
  
	
  
Page	
  7,	
  line	
  13.	
  Change	
  “Crank-­‐Nicholson”	
  to	
  “Crank-­‐Nicolson”	
  
Corrected-­‐	
  Thanks!	
  
	
  
Page	
   7,	
   lines	
   17-­‐33.	
   It’s	
   interesting	
   that	
   you	
   use	
   the	
   Costa	
   et	
   al.	
   (2013)	
  
parameterization	
   for	
   radially	
   spreading	
  umbrella	
   clouds.	
   I	
  would	
  have	
   thought	
  
that	
  an	
  online	
  model	
  would	
  have	
  the	
  advantage	
  of	
  considering	
  the	
  momentum	
  of	
  
umbrella	
  spreading	
  explicitly.	
  
The	
   observation	
   is	
   correct.	
  However,	
   the	
   plume	
  model	
   embedded	
   in	
  NMMB/BSC-­‐
ASH	
   (FPLUME)	
   is	
   a	
   simple	
   1D	
   radially-­‐averaged	
   model	
   which	
   is	
   only	
   one-­‐way	
  
coupled	
   with	
   meteorology.	
   To	
   include	
   a	
   real	
   3D	
   plume	
   model	
   would	
   imply	
   a	
  
multiphase	
  flow	
  simulation	
  (CFD)	
  near	
  the	
  source,	
  which	
  is	
  far	
  beyond	
  the	
  scope	
  of	
  
the	
  model.	
  	
  
	
  
Page	
   8,	
   lines	
   4-­‐5.	
   I’m	
   a	
   little	
   confused	
   by	
   the	
   statement	
   that	
   Stokes	
   settling	
   is	
  
considered	
  an	
  efficient	
  removal	
  mechanism	
  for	
  small	
  particles	
  (<20).	
  Almost	
  no	
  
particles	
  of	
  this	
  size	
  are	
  removed	
  from	
  the	
  atmosphere	
  over	
  eruptive	
  time	
  scales	
  
without	
  aggregation	
  mechanisms	
  or	
  rainfall	
  scavenging.	
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Correct.	
  This	
  paragraph	
  was	
  confusing	
  and	
  not	
  properly	
  expressed.	
  The	
   text	
  now	
  
reads	
   “This	
   regime	
   is	
   justified	
   for	
   small	
   particles	
   and	
   aerosols	
   (<	
   20	
   μm)	
   but	
  
calculating	
  fallout	
  times	
  based	
  on	
  settling	
  according	
  to	
  Stokes	
  Law	
  is	
  less	
  adequate	
  
for	
  coarse	
  ash	
  (>	
  64	
  μm),	
  which	
  sediments	
  much	
  faster.	
   In	
  addition,	
  ash	
  particles	
  
are	
  not	
  spherical,	
  which	
  complicates	
  and	
  further	
  slows	
  fallout.	
  In	
  order	
  to	
  simulate	
  
properly	
   a	
   wider	
   spectrum	
   of	
   particle	
   sizes,	
   NMMB/BSC-­‐ASH	
   adds	
   a	
   new	
  
sedimentation	
  module	
  that	
  covers	
  the	
  turbulent	
  regime”	
  
	
  
Page	
  8,	
  line	
  16.	
  Change	
  “relaying”	
  to	
  “relying”.	
  
Corrected-­‐	
  Thanks!	
  
	
  
Page	
  8.	
  Equation	
  18	
  needs	
  more	
  explanation.	
  What	
  are	
  the	
  dimensions	
  of	
  R_a	
  dn	
  
R_s?	
   It	
  seems	
   like	
   they	
  should	
  be	
   in	
  seconds	
  per	
  meter	
   if	
   this	
  equation	
   is	
   to	
  be	
  
dimensionally	
  consistent.	
  And	
  v_d	
  and	
  v_s	
  are	
   in	
  meters	
  per	
  second?	
  Are	
   those	
  
settling	
  velocities?	
  Also,	
  why	
  are	
  the	
  equation	
  numbers	
  not	
  sequential?	
  They	
  go	
  
from	
  eq.	
  4	
  to	
  eq.	
  13	
  to	
  eq.	
  18!	
  
	
  
Thanks	
  for	
  this	
  observation.	
  The	
  text	
  has	
  been	
  updated	
  to	
  define	
  the	
  dimensions	
  of	
  
Ra	
  and	
  Rs	
  (𝑠 ∙𝑚!!)	
  and	
  vs	
  and	
  va	
  (𝑚 ∙ 𝑠!!).	
  In	
  addition,	
  we	
  have	
  added	
  a	
  sentence	
  to	
  
clarify	
  the	
  terms	
  Ra	
  and	
  Rs	
  :	
  	
  
	
  
Section	
  3.3	
  (Page	
  19,	
  lines	
  1-­‐3):	
  	
  “These	
  terms	
  take	
  into	
  account	
  all	
  the	
  effects	
  of	
  the	
  
lowermost	
   layer	
   of	
   the	
   atmosphere,	
   such	
   as	
   turbulence	
   (Ra)	
   and	
   Brownian	
  
diffusion,	
  impaction	
  and	
  interception	
  (Rs).”	
  
	
  
Finally,	
   some	
  of	
   the	
  governing	
  equations	
  of	
   the	
  model	
  are	
  presented	
  as	
  Tables	
   to	
  
enhance	
  the	
  flow	
  of	
  the	
  text.	
  For	
  example,	
  Table	
  6	
  presents	
  equations	
  14	
  to	
  17.	
  This	
  
table	
  should	
  be	
  placed	
  in	
  Page	
  8	
  after	
  being	
  referenced.	
  	
  
	
  
Page	
  9,	
  lines	
  6-­‐10.	
  Could	
  you	
  define	
  monotonicity	
  and	
  positive	
  definiteness?	
  Not	
  
all	
  readers	
  will	
  know	
  what	
  it	
  means.	
  Also	
  define	
  width	
  halos	
  
Thank	
  you	
  for	
  pointing	
  this	
  out.	
  The	
  text	
  has	
  been	
  updated	
  to	
  clarify	
  those	
  terms.	
  
	
  
	
  -­‐	
   Section	
   3.4	
   (Page	
   9,	
   lines	
   16-­‐17):	
   “For	
   these	
   reasons,	
   the	
   model	
   includes	
   a	
  
conservative,	
   positive	
   definite	
   (i.e.	
   tracer	
   is	
   a	
   positive	
   scalar)	
   and	
  monotone	
   (i.e.	
  
entirely	
  increasing)	
  Eulerian	
  scheme	
  for	
  advection.”	
  
Additionally,	
  lines	
  15-­‐19	
  explain	
  how	
  these	
  conditions	
  are	
  guaranteed	
  in	
  the	
  model.	
  
	
  
-­‐	
   Section	
   3.5	
   (Page	
   9,	
   lines	
   32-­‐33):	
   “The	
   Eulerian	
   schemes	
   in	
   the	
   model	
   require	
  
relatively	
   narrow	
   and	
   constant	
   width	
   halos	
   (i.e.	
   data	
   points	
   from	
   the	
  
computational	
  domain	
  of	
  neighboring	
  sub-­‐domains	
  that	
  are	
  replicated	
   locally	
   for	
  
computational	
  convenience),	
  which	
  simplify	
  and	
  reduce	
  communications.	
  
	
  
Page	
  9,	
  line	
  10.	
  Change	
  “Nicholson”	
  to	
  “Nicolson”.	
  
Corrected-­‐	
  Thanks!	
  
	
  
Page	
   10,	
   line	
   14,	
   change	
   “of	
   weak	
   long-­‐lasting	
   eruptions”	
   to	
   “of	
   a	
   weak,	
   long-­‐
lasting	
  eruption.”	
  
Corrected-­‐	
  Thanks!	
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Page	
   9,	
   beginning	
   of	
   Section	
   4.	
   Could	
   you	
   say	
   a	
   little	
   bit	
   about	
   how	
   these	
  
eruptions	
  could	
  be	
  simulated	
  better	
  by	
  an	
  online	
  model	
  than	
  an	
  offline	
  model?	
  Is	
  
there	
   important	
   coupling	
  with	
   the	
   atmosphere	
   in	
   these	
   cases	
   that	
   is	
   not	
   being	
  
considered	
  with	
  the	
  offline	
  model?	
  
	
  
This	
  question	
   is	
   in	
   line	
  with	
  that	
  of	
  Page	
  4,	
   lines	
  12-­‐20	
  (i.e.	
  differences	
  on-­‐line	
  vs.	
  
on-­‐line	
  approach).	
  	
  
	
  
Text	
  has	
  been	
  added	
  at	
  the	
  beginning	
  of	
  Section	
  3	
  (Page	
  4,	
  lines	
  20-­‐27),	
  to	
  clarify	
  
why	
   the	
   coupling	
   interval	
   with	
   the	
   meteorology	
   is	
   relevant	
   for	
   ash	
   dispersal	
  
forecasts.	
  As	
  stated	
  in	
  the	
  text,	
  off-­‐line	
  coupled	
  models	
  use	
  an	
  “effective	
  wind	
  field”	
  
in	
  which,	
  meteorological	
   conditions	
   are	
   set	
   to	
   constant,	
   and	
  are	
   only	
   updated	
  at	
  
specific	
  coupling	
   intervals	
  (i.e.	
   time	
   for	
  which	
  meteorological	
   fluctuations	
  are	
  not	
  
explicitly	
  resolved).	
   In	
  some	
  cases,	
  Volcanic	
  Ash	
  Advisory	
  Centers	
  (VAACs)	
  use	
  off-­‐
line	
  systems	
  with	
  up	
  to	
  6h-­‐coupling	
  intervals.	
  The	
  inconsistencies	
  and	
  shortcomings	
  
of	
   this	
   approach	
   (e.g.	
   inconsistent	
   spatial	
   and	
   temporal	
   interpolation,	
   map	
  
projections,	
  dataset	
  inputs,	
  numerical	
  schemes,	
  etc.)	
  could	
  lead	
  to	
  errors	
  in	
  the	
  ash	
  
cloud	
   forecast	
  (i.e.	
   inaccurate	
  handling	
  of	
  atmospheric	
  processes	
  with	
  time	
  scales	
  
smaller	
  than	
  the	
  NWPM	
  output	
  frequency).	
  	
  
	
  	
  
These	
  inconsistencies	
  may	
  be	
  especially	
  important	
  when	
  meteorological	
  conditions	
  
change	
  rapidly	
  in	
  time,	
  such	
  in	
  the	
  case	
  of	
  the	
  2011	
  Caulle	
  eruption.	
  Therefore,	
  the	
  
on-­‐line	
   approach	
   employed	
   in	
   NMMB/BSC-­‐ASH	
   is	
   capable	
   to	
   provide	
   more	
  
accurate	
  forecasts	
  by	
  removing	
  typical	
  inconsistencies	
  found	
  in	
  traditional	
  off-­‐line	
  
TTDM.	
  	
  	
  
	
  
Along	
  with	
  Section	
  3,	
  we	
  have	
  updated	
  the	
  text	
  in	
  Section	
  4	
  (page	
  10,	
  lines	
  17-­‐18)	
  
to:	
   “.	
   This	
   event	
   represents	
   a	
   suitable	
   case	
   study	
   of	
   strong	
   long-­‐lasting	
   eruptions	
  
with	
   changing	
   winds,	
   which	
   is	
   useful	
   to	
   evaluate	
   the	
   advantages	
   of	
   the	
   on-­‐line	
  
approach	
  for	
  operational	
  forecast.”	
  	
  
	
  
Page	
  10,	
  line	
  25.	
  Delete	
  “over”	
  after	
  “spanned”	
  	
  
Corrected-­‐	
  Thanks!	
  
	
  
Page	
  10,	
  line	
  26.	
  Change	
  “climatic”	
  to	
  “climactic”	
  	
  
Corrected-­‐	
  Thanks!	
  
	
  
Page	
  11,	
  line	
  1.	
  “a	
  cloud”	
  or	
  “clouds”?	
  Are	
  you	
  talking	
  about	
  the	
  eruption	
  cloud,	
  
or	
  meteorological	
  clouds?	
  	
  
The	
  text	
  has	
  been	
  updated	
  to	
  clarify	
  that	
  we	
  are	
  describing	
  the	
  ash	
  cloud.	
  	
  
	
  
Section	
   4.1	
   (Page	
   11,	
   lines	
   13-­‐14):	
   “…The	
   first	
   major	
   episode,	
   on	
   4	
   June	
   (18:45	
  
UTC),	
  resulted	
  in	
  an	
  ash	
  cloud	
  (9-­‐10	
  km)	
  that	
  reached…”	
  	
  
	
  
Page	
  11,	
   line	
  4.	
   I’m	
  not	
  sure	
  what	
  makes	
   this	
  episode	
  complementary.	
  Perhaps	
  
just	
  say	
  “another	
  episode?	
  Did	
  it	
  occur	
  at	
  the	
  same	
  time	
  as	
  the	
  first	
  episode,	
  or	
  
afterwards?	
  At	
  what	
  time	
  did	
  it	
  occur?	
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Thanks	
   for	
   this	
  comment.	
  We	
  are	
  updating	
  the	
  manuscript	
   to	
  clarify	
   the	
  volcanic	
  
cloud	
   evolution	
   along	
   with	
   the	
   synoptic	
   meteorological	
   situation	
   at	
   the	
   time.	
   In	
  
addition	
  Figure	
  2	
  has	
  been	
  modified	
  to	
  expand	
  the	
  synoptic	
  meteorology	
  from	
  6-­‐16	
  
June	
   to	
   4-­‐14	
   June.	
   Finally,	
   a	
   new	
   reference	
   has	
   been	
   added	
   to	
   include	
   a	
   recent	
  
comprehensive	
  chronology	
  study	
  of	
  the	
  eruption	
  (i.e.	
  Elissondo	
  et	
  al.,	
  2016)	
  
	
  
Section	
   4.1	
   (page	
   11,	
   lines	
   9-­‐26):	
   “Here,	
  we	
   describe	
   the	
   synoptic	
  meteorological	
  
situation	
  during	
   the	
   first	
   two	
  weeks	
  of	
   eruptive	
  activity	
   (Fig.	
   2),	
   and	
  give	
  a	
  brief	
  
chronology	
   of	
   the	
   events	
   in	
   order	
   to	
   compare	
   them	
   with	
   the	
   predictions	
   of	
   the	
  
model.	
   The	
   eruption	
   developed	
   as	
   a	
   long-­‐lasting	
   rhyolitic	
   activity	
   with	
   plume	
  
heights	
  above	
  the	
  vent	
  between	
  around	
  9-­‐10	
  km	
  high	
  a.s.l.	
  (4-­‐6	
  June),	
  4	
  and	
  9	
  km	
  
during	
  the	
  following	
  week	
  (7-­‐14	
  June)	
  and	
  <	
  6	
  km	
  after	
  14	
  June	
  (Global	
  Volcanism	
  
Program,	
   GVP,	
   http://www.volcano.si.edu;	
   Siebert	
   et	
   al.	
   2010).	
   The	
   first	
   major	
  
episode,	
  on	
  4	
  June	
  (18:45	
  UTC),	
  resulted	
  in	
  an	
  ash	
  cloud	
  (9-­‐10	
  km)	
  that	
  reached	
  the	
  
Chile-­‐Argentina	
   border	
   within	
   the	
   hour	
   of	
   the	
   eruption.	
   On	
   June	
   5,	
   E-­‐SE	
   winds	
  
drove	
  the	
  plume	
  to	
  the	
  Atlantic	
  Ocean	
  (1800	
  away	
  from	
  the	
  source),	
  leaving	
  a	
  large	
  
area	
  of	
  Argentina	
   territory	
  affected	
  by	
  ash	
   fall.	
  On	
   June	
  6,	
   the	
  plume	
  changed	
   its	
  
direction	
   abruptly	
   toward	
  N-­‐NE,	
   reaching	
   the	
   northern	
   regions	
   of	
   the	
   Argentine	
  
Patagonia,	
  and	
  then	
  shifted	
  direction	
  again	
  towards	
  SE,	
  threating	
  the	
  Buenos	
  Aires	
  
air	
  space.	
  On	
  June	
  7,	
  a	
  second	
  episode	
  resulted	
  in	
  a	
  plume	
  (4-­‐9	
  km)	
  dispersing	
  ash	
  
further	
  to	
  the	
  north	
  of	
  Argentina	
  leading	
  to	
  a	
  more	
  recognizable	
  shift	
  of	
  winds	
  over	
  
the	
  E-­‐SE.	
  On	
  June	
  8,	
  the	
  volcanic	
  cloud	
  (9-­‐10	
  km	
  a.s.l.)	
  dispersed	
  towards	
  NE	
  with	
  a	
  
bend	
  toward	
  SE	
  400	
  km	
  from	
  the	
  source.	
  On	
  June	
  9,	
  the	
  plume	
  had	
  a	
  NE	
  direction	
  
reaching	
  the	
  city	
  of	
  Buenos	
  Aires	
  and	
  the	
  northern	
  boundary	
  of	
  Paraguay	
  following	
  
a	
   frontal	
   zone	
   passing	
   through	
   Patagonia.	
   This	
   resulted	
   in	
   major	
   air	
   traffic	
  
disruption	
  at	
  the	
  two	
  international	
  airports	
  that	
  service	
  the	
  city:	
  Aeroparque	
  (AEP)	
  
and	
   Ezeiza	
   (EZE),	
   which	
   remained	
   closed	
   intermittently	
   during	
   the	
   following	
   15	
  
days.	
  Later	
  during	
  the	
  day,	
  the	
  wind	
  turned	
  SE	
  dispersing	
  ash	
  over	
  Uruguay,	
  Brazil	
  
and	
   Paraguay.	
   Ash	
   cloud	
   continued	
   to	
   change	
   in	
   direction	
   over	
   the	
   next	
   6	
   days,	
  
with	
  clouds	
  following	
  the	
  ridge	
  structure	
  to	
  the	
  NE	
  and	
  SE,	
  respectively.“	
  
	
  
Page	
   11,	
   lines	
   6-­‐8.	
   Please	
   indicate	
  which	
   frame	
   in	
   Fig.	
   2	
   illustrates	
   your	
   point	
  
when	
  describing	
  these	
  changes	
  in	
  wind.	
  	
  
	
  
We	
   have	
   updated	
   Fig.	
   2	
   to	
   illustrate	
   the	
   daily	
   (i.e.	
   1	
   frame	
   per	
   day)	
   synoptic	
  
meteorological	
  situation	
  from	
  4	
  to	
  14	
  June.	
  New	
  text	
  (see	
  question	
  above)	
  has	
  been	
  
included	
   in	
   the	
   manuscript	
   to	
   describe	
   wind	
   changes	
   for	
   each	
   day/frame	
  
(particularly	
  from	
  4	
  to	
  9	
  June).	
  	
  
	
  
Page	
  11,	
  line	
  8.	
  How	
  is	
  the	
  trough	
  illustrated	
  in	
  Fig.	
  2?	
  	
  
See	
  question	
  above.	
  	
  
	
  
Page	
   11,	
   lines	
   23-­‐24:	
   “Feedback	
   effects	
   of	
   ash	
   particles	
   on	
   meteorology	
   and	
  
radiation	
  were	
  not	
   included	
   in	
   this	
  run”.	
  So,	
  what	
   is	
   the	
  value	
  added	
  using	
  this	
  
online	
  model?	
  
That	
   is	
   a	
   fair	
   comment	
   -­‐	
   thank	
   you.	
   Please	
   find	
   below	
   an	
   explanation	
   of:	
   i)	
   the	
  
added	
   value	
   in	
  NMMB/BSC-­‐ASH	
   from	
   traditional	
   tephra	
  dispersal	
  models;	
   ii)	
   the	
  
specific	
  objective	
  of	
  this	
  paper	
  and;	
  iii)	
  the	
  upcoming	
  publications	
  complementing	
  
this	
  work.	
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On-­‐line	
   (integrated)	
  models	
  are	
  defined	
  as	
   those	
  where	
   the	
  NWPM	
  and	
  TDM	
  are	
  
fully	
   integrated	
   in	
   one	
   unified	
   modeling	
   system	
   using	
   one	
   main	
   time-­‐step	
   for	
  
integration	
   (i.e.	
   meteorological	
   and	
   aerosol	
   transport	
   solved	
   concurrently	
   and	
  
consistently).	
  The	
  intrinsic	
  foreseen	
  advantages	
  of	
  the	
  on-­‐line	
  approach	
  employed	
  
in	
  NMMB/BSC-­‐ASH	
  are:	
  

1. More	
   accurate	
   forecasts	
   by	
   removing	
   typical	
   inconsistencies	
   found	
   in	
  
traditional	
   off-­‐line	
   TTDM	
   	
   (e.g.	
   inconsistent	
   spatial	
   and	
   temporal	
  
interpolation,	
  map	
  projections,	
  dataset	
  inputs,	
  numerical	
  schemes,	
  etc.).	
  

2. High	
   computational	
   efficiency	
   for	
   operational	
   forecasting	
   of	
   volcanic	
   ash	
  
clouds	
  (NMMB	
  meteorological	
  core	
  is	
  >=2x	
  faster	
  than	
  WRF).	
  	
  

3. Minimal	
   maintenance	
   as	
   compared	
   to	
   off-­‐line	
   models	
   since	
   datasets	
   and	
  
routines	
   are	
   fully	
   integrated	
   and,	
   therefore,	
  must	
   be	
   changed	
   in	
   only	
   one	
  
code.	
  	
  

4. Account	
  for	
  “aerosol-­‐transport”	
  feedbacks	
  (one-­‐way)	
  	
  
5. Account	
  for	
  “aerosols-­‐radiative	
  system”	
  feedbacks	
  (two-­‐way).	
  	
  

	
  
These	
   advantages	
   are	
   especially	
   relevant	
   in	
   situations	
   where	
   the	
   winds	
   are	
  
changing	
  rapidly	
  with	
  time,	
  or	
  the	
  forecast	
  is	
  required	
  to	
  simulate	
  distal	
  ash	
  cloud	
  
dispersal.	
  
	
  
The	
  main	
   purpose	
   of	
   this	
   paper	
   is	
   to	
   provide	
   a	
   description	
   of	
   the	
  model	
   and	
   to	
  
evaluate	
   the	
   first	
   4	
   advantages	
   listed	
   above.	
   Section	
   4.2.2	
   in	
   the	
   manuscript	
  
illustrates	
  how	
  NMMB/BSC-­‐ASH	
  could	
   improve	
   traditional	
  TTDM	
   for	
   operational	
  
forecasts.	
   A	
   more	
   in	
   depth	
   study	
   comparing	
   On-­‐line	
   vs.	
   Off-­‐line	
   simulations	
   of	
  
NMMB/BSC-­‐ASH	
   will	
   be	
   available	
   shortly	
   (Marti	
   et.	
   al	
   –	
   in	
   prep).	
   This	
   study	
  
demonstrates	
  that	
  meteorology-­‐transport	
  inconsistencies	
  from	
  off-­‐line	
  models	
  can	
  
be,	
  in	
  some	
  cases,	
  in	
  the	
  same	
  order	
  of	
  magnitude	
  that	
  those	
  from	
  the	
  source	
  term.	
  	
  	
  
	
  
Finally,	
  while	
  the	
  weather	
  determines	
  the	
  transport	
  of	
  the	
  emitted	
  pollutants,	
  their	
  
concentration,	
   especially	
   in	
   the	
   case	
   of	
   volcanic	
   aerosols,	
   influences	
   radiative	
  
forcing	
  and	
  meteorological	
   events	
   (two-­‐way	
   feedbacks).	
  Despite	
  having	
  a	
   limited	
  
effect	
   in	
   smaller	
   eruptions,	
   in	
   some	
   cases	
   (e.g.	
   large	
   explosive	
   eruptions,	
   super-­‐
eruptions),	
   the	
   impact	
   of	
   tropospheric	
   volcanic	
   aerosols	
   can	
   be	
   significant,	
  
becoming	
  a	
  regional	
  (or	
  even	
  global)	
  radiative	
   forcing	
  of	
  climate	
  (Schmidt	
   et	
   al.,	
  
2015).	
  The	
  specific	
  impact	
  of	
  volcanic	
  aerosols	
  on	
  the	
  radiative	
  budget	
  is	
  currently	
  
being	
  studied	
  at	
  the	
  BSC,	
  but	
  is	
  not	
  in	
  the	
  scope	
  of	
  this	
  paper.	
  	
  	
  
	
  
Page	
   11,	
   lines	
   26-­‐28,	
   “Daily	
   eruption	
   source	
   parameters	
   (ESP)	
   were	
   obtained	
  
from	
  Osores	
  et	
  al.	
  (2014),	
  who	
  estimated	
  column	
  heights	
  for	
  each	
  eruptive	
  pulse	
  
using	
   the	
   Imager	
   Sensor	
   data	
   from	
   the	
   GOES-­‐13	
   satellite”.	
   Could	
   you	
   be	
  more	
  
specific	
   about	
   how	
   height	
   was	
   estimated?	
   By	
   IR	
   brightness	
   temperature,	
  
assuming	
  the	
  cloud	
  temperature	
  equaled	
  that	
  of	
  the	
  surrounding	
  atmosphere?	
  
	
  
Column	
   heights	
   in	
   Osores	
   et	
   al.	
   (2014)	
   were	
   obtained	
   correlating	
  cloud-­‐
top	
  temperatures	
   from	
  GOES-­‐13	
   IR,	
   assuming	
   that	
   the	
   target	
   behaves	
   as	
   a	
   black	
  
body	
   and	
   reaches	
   the	
   thermal	
   equilibrium	
   with	
   that	
   of	
   the	
   surrounding,	
   and	
  
with	
  Puerto	
  Montt	
  thermal	
  profile	
  provided	
  by	
  daily	
  radiosondes	
  complementing	
  in	
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situ	
   observations	
  when	
   they	
  were	
   available.	
   	
  This	
   technique	
  was	
   previously	
   used	
  
by	
  Swada,	
  1987,2002	
  and	
  Holasek	
  et	
  al.,	
  1996.	
  
	
  
The	
  manuscript	
  has	
  been	
  updated	
  accordantly.	
  Section	
  4.1.1	
   (Page	
  12,	
   lines	
  3-­‐5):	
  
“Daily	
  eruption	
  source	
  parameters	
  (ESP)	
  were	
  obtained	
  from	
  Osores	
  et	
  al.	
  (2014),	
  
who	
   estimated	
   column	
   heights	
   for	
   each	
   eruptive	
   pulse	
   using	
   the	
   Imager	
   Sensor	
  
data	
  from	
  the	
  GOES-­‐13	
  satellite,	
  applying	
  the	
  cloud-­‐top	
  IR	
  image	
  technique	
  (Kidder	
  
and	
  VonderHaar,	
  1995)”.	
  
	
  
Page	
  13,	
  lines	
  7-­‐9.	
  It	
  seems	
  odd	
  that	
  you	
  are	
  running	
  the	
  NMMB/BSC-­‐ASH	
  model	
  
at	
  a	
  horizontal	
   resolution	
  of	
  0.75x1	
  degree,	
  but	
   initializing	
   it	
  with	
  ERA-­‐interim	
  
meteorology	
  at	
  a	
  horizontal	
  resolution	
  of	
  0.75x0.75	
  degree.	
  What	
  are	
  you	
  gaining	
  
by	
  running	
  the	
  NMMB/BSC-­‐ASH	
  model?	
  
Yes,	
  but	
  this	
  is	
  true	
  for	
  the	
  initial	
  condition	
  only.	
  However,	
  since	
  NMMB/BSC-­‐ASH	
  is	
  
a	
   global	
   model,	
   met	
   variables	
   are	
   updated	
   for	
   transport	
   at	
   each	
   model	
   time	
  
integration	
  step.	
  This	
  is	
  not	
  the	
  case	
  of	
  driving	
  transport	
  with	
  ERA-­‐Interim,	
  which	
  
is	
   available	
   only	
   4-­‐times	
   daily.	
   So,	
   even	
   if	
   the	
   spatial	
   resolutions	
   are	
   similar	
   (or	
  
slightly	
  coarser	
  in	
  our	
  case),	
  the	
  temporal	
  resolutions	
  are	
  not.	
  
	
  
Page	
  13,	
  Section	
  4.1.2.	
  For	
  your	
  global	
  simulation,	
  did	
  you	
  use	
  all	
  grain	
  sizes?	
  
That’s	
  correct.	
  	
  
	
  
We	
  have	
  updated	
  the	
  text	
  to	
  clarify	
  this.	
  Thank	
  you.	
  	
  
	
  
Section	
  4.1.2	
  (Page	
  13,	
   lines	
  23-­‐24):	
  “…,	
  while	
  the	
  rest	
  of	
  the	
  model	
  variables	
  and	
  
grain	
  size	
  distribution	
  remained	
  the	
  same	
  as	
  in	
  the	
  regional	
  simulation.”	
  
	
  
Page	
  13,	
  line	
  9.	
  Change	
  “reinizializated”	
  to	
  “reinitialized”	
  
Corrected-­‐	
  Thanks!	
  
	
  
Page	
  13,	
  line	
  24.	
  Change	
  “airports	
  closure”	
  to	
  “airport	
  closures”	
  
Corrected-­‐	
  Thanks!	
  
	
  
Page	
  14,	
  line	
  24.	
  Change	
  “terrain	
  following	
  grid”	
  to	
  “terrain-­‐following	
  grid”.	
  Also,	
  
change	
  “the	
  model	
  is	
  used”	
  to	
  “the	
  Fall3d	
  model	
  is	
  used”.	
  
Corrected-­‐	
  Thanks!	
  
	
  
Page	
  15,	
  lines	
  32-­‐36.	
  It’s	
  interesting	
  that	
  you	
  got	
  better	
  fit	
  to	
  the	
  Etna	
  data	
  using	
  
the	
  NMMB/BSC-­‐ASH	
  model	
  than	
  using	
  the	
  Fall3d	
  model.	
  Why	
  do	
  you	
  think	
  you	
  
got	
  a	
  better	
  fit?	
  Was	
  the	
  wind	
  field	
  produced	
  by	
  the	
  NMMB/BSC-­‐ASH	
  model	
  very	
  
different	
   from	
   that	
   used	
   by	
   Fall3d?	
   The	
   source	
   terms	
  were	
   the	
   same	
   for	
   both	
  
models,	
  right?	
  So	
  it	
  had	
  to	
  be	
  the	
  wind	
  field?	
  Where	
  was	
  the	
  wind	
  field	
  different?	
  
In	
   Fig.	
   10,	
   it	
   looks	
   to	
  me	
   like	
   the	
   fits	
   were	
  most	
   improved	
  where	
   thicknesses	
  
were	
   highest,	
   and	
   where	
   they	
   were	
   lowest.	
   Why	
   would	
   the	
   NMMB/BSC-­‐ASH	
  
model	
  have	
  been	
  better	
  in	
  those	
  places?	
  
	
  
Thank	
  you	
  for	
  this	
  comment.	
  	
  
NMMB/BSC-­‐ASH	
   and	
   FALL3D	
   used	
   the	
   same	
   eruption	
   source	
   parameter	
   and	
  
meteorological	
   conditions	
   for	
   the	
   2001	
   Mt.	
   Etna	
   simulation	
   (i.e.	
   wind	
   fields	
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generated	
  with	
   the	
  meteorological	
   driver	
   in	
  NMMB/BSC-­‐ASH	
  were	
   used	
   to	
   drive	
  
FALL3D).	
  There	
  are	
   two	
  main	
   reasons	
   that	
   explain	
   the	
   improved	
  performance	
  of	
  
NMMB/BSC-­‐ASH:	
  
	
  
1-­‐	
   Despite	
   that	
   both	
  models	
   use	
   the	
   same	
  meteorological	
   conditions,	
   the	
   on-­‐line	
  
version	
   of	
  NMMB/BSC-­‐ASH	
   solves	
   both	
   the	
  meteorological	
   and	
   aerosol	
   transport	
  
concurrently	
   and	
   interactively	
  at	
   every	
   time-­‐step	
   (30	
   sec.).	
   FALL3D,	
   on	
   the	
  other	
  
side,	
  only	
  allows	
  solving	
  the	
  transport	
  off-­‐line	
  every	
  1h.	
  Changes	
   in	
  the	
  wind-­‐field	
  
conditions	
  within	
   that	
  period	
  of	
   time	
   leads	
   to	
   cumulative	
   errors	
   in	
   the	
  ash	
   cloud	
  
forecast,	
  especially	
  in	
  the	
  distal	
  deposit	
  (e.g.	
  lowest	
  thicknesses).	
  
	
  
2.	
   While	
   the	
   source	
   term	
   module	
   in	
   NMMB/BSC-­‐ASH	
   is	
   mainly	
   FALL3D’s,	
   the	
  
transport	
  of	
  volcanic	
  ash	
  by	
  advection	
  and	
  turbulent	
  diffusion	
  is	
  analogous	
  to	
  those	
  
of	
   atmospheric	
   tracers	
   transport	
   (Janjic	
   et	
   al.,	
   2009)	
   in	
   NMMB.	
   This	
   transport	
  
scheme	
  uses	
  the	
  Adams-­‐Bashforth	
  scheme	
  for	
  horizontal	
  advection	
  and	
  the	
  Crank-­‐
Nicolson	
  scheme	
  for	
  vertical	
  advection.	
  For	
  the	
  horizontal	
  diffusion,	
  the	
  model	
  uses	
  
a	
   second	
   order	
   scheme	
   with	
   two	
   types	
   of	
   parameterized	
   dissipative	
   processes:	
  
explicit	
   lateral	
   diffusion	
   (often	
   called	
   horizontal	
   diffusion,	
   a	
   2nd	
   order	
   nonlinear	
  
Smagorinsky-­‐type	
   approach;	
   Janjic,	
   1990)	
   and	
   horizontal	
   divergence	
   damping	
  
(Janjic	
   and	
   Gall,	
   2012).	
   In	
   addition	
   to	
   the	
   source	
   term	
   characterization,	
   a	
  
representative	
  particle	
  advection	
  during	
  the	
  first	
  hours	
  of	
  the	
  eruption	
  is	
  critical	
  to	
  
represent	
  the	
  near	
  deposit	
  (e.g.	
  highest	
  thicknesses).	
  	
  
	
  
In	
  general	
  terms,	
  the	
  transport	
  scheme	
  employed	
  in	
  NMMB/BSC-­‐ASH	
  allows	
  for	
  a	
  
better	
  representation	
  of	
   the	
   transport	
  of	
  volcanic	
  ash	
  by	
  advection	
  and	
  turbulent	
  
diffusion	
   than	
  FALL3D,	
   resulting	
   in	
  better	
   fits	
  as	
  demonstrated	
   in	
   the	
   case	
  of	
   the	
  
2001	
  Mt.	
  Etna	
  eruption.	
  	
  	
  
	
  
Page	
  17,	
  line	
  14.	
  I’m	
  curious	
  that	
  you	
  mention	
  gravity	
  current	
  conditions	
  in	
  the	
  
source	
   term.	
  This	
   is	
   generally	
  not	
   considered.	
  What	
  do	
  you	
  mean	
  by	
   this?	
  The	
  
existence	
  pyroclastic	
  flows	
  that	
  could	
  serve	
  as	
  a	
  source?	
  
	
  
Thank	
  you	
  for	
  this	
  comment.	
  	
  
The	
   first	
   part	
   of	
   Section	
   5.3	
   describes	
   the	
   different	
   NMMB/BSC-­‐ASH	
   run-­‐specific	
  
input	
  files.	
  In	
  particular,	
  we	
  wanted	
  to	
  group	
  all	
  those	
  parameters	
  interacting	
  with	
  
the	
   ash	
  module	
   in	
   a	
   single	
   input	
   file	
   (i.e.	
   ash.inp).	
   These	
   parameters	
   include,	
   not	
  
only	
  the	
  characterization	
  of	
  the	
  source	
  term,	
  but	
  also	
  the	
  choice	
  of	
  turning	
  on/off	
  
the	
  gravity	
  current	
  model	
  altering	
  the	
  particle	
  transport	
  in	
  the	
  umbrella	
  cloud,	
  and	
  
the	
  coupling	
  interval	
  the	
  ash	
  input	
  file	
  (ash.inp).	
  	
  
	
  
To	
   clarify	
   the	
   content	
   of	
   the	
   ash.inp	
   file,	
   we	
   have	
   updated	
   the	
   text	
   as	
   follows	
   –	
  
Section	
  5.3	
  (Page	
  17,	
  lines	
  19-­‐25):	
  “The	
  ash	
  input	
  file	
  (ash.inp),	
  which	
  defines	
  those	
  
parameters	
   employed	
   in	
   the	
  ash	
  module.	
  The	
  user-­‐defined	
  parameters	
   include:	
   i)	
  
the	
  characterization	
  of	
   the	
  source	
   term:	
  eruption	
  source	
   type,	
  column	
  height	
  and	
  
determination	
  of	
  the	
  mass	
  eruption	
  rate,	
  eruption	
  duration,	
  aggregation	
  processes,	
  
and	
   particle	
   settling	
   velocity	
  model.	
   In	
   the	
   event	
   of	
   various	
   eruptive	
   phases,	
   the	
  
respective	
  ESPs	
   for	
   each	
   phase	
   can	
   be	
   defined;	
   ii)	
   the	
   settings	
   to	
   turn	
   on/off	
   the	
  
gravity	
  current	
  model	
  altering	
  the	
  particle	
  transport	
  in	
  the	
  umbrella	
  cloud;	
  and	
  iii)	
  
the	
  definition	
  of	
  the	
  coupling	
  strategy	
  (on	
  vs.	
  off-­‐line)	
  employed	
  by	
  the	
  model.”	
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Page	
  18,	
  line	
  7.	
  Change	
  “climatic”	
  to	
  “climactic”.	
  
Corrected-­‐	
  Thanks!	
  
	
  
Page	
  18,	
  line	
  8.	
  “maximum	
  efficiency	
  for	
  the	
  global	
  simulation	
  described	
  in	
  Table	
  
7	
  is	
  reached	
  at	
  ≈	
  32	
  nodes”.	
  I’m	
  having	
  trouble	
  seeing	
  this	
  in	
  figure	
  12.	
  
Good	
  point.	
  The	
  manuscript	
  has	
  been	
  updated	
  to	
  read:	
  “…	
  maximum	
  efficiency	
  for	
  
the	
  global	
  simulation	
  described	
  in	
  Table	
  7	
  is	
  reached	
  between	
  32-­‐40	
  nodes”.	
  
	
  
Page	
  18,	
  line	
  31.	
  What	
  does	
  “(6x84+8)”	
  mean?	
  
Another	
  good	
  point.	
  Thanks.	
  	
  We	
  updated	
  the	
  text	
  to	
  describe	
  explicitly	
  the	
  domain	
  
decomposition.	
  	
  
Section	
   5.5	
   (Page	
   18,	
   lines	
   34-­‐35):	
   “The	
   best	
   domain	
   decomposition	
   resulted	
   in	
  
6(i)x84(j)+8(w);	
   where	
   i	
   and	
   j,	
   are	
   the	
   number	
   of	
   processors	
   employed	
   in	
   the	
  
horizontal	
   and	
   vertical	
   domains	
   respectively,	
   and	
   w,	
   the	
   number	
   of	
   writing	
  
processors.”	
  
	
  
Page	
  19,	
  line	
  6.	
  Change	
  “long-­‐rage”	
  to	
  “long-­‐range”	
  
Corrected-­‐	
  Thanks!	
  
	
  
	
  
Page	
  19,	
   lines	
  16-­‐17.	
   You	
   say	
   that	
  NMMB/BSC-­‐ASH	
  has	
  been	
  validated	
   against	
  
eruptions	
  of	
  Pinatubo,	
  Etna,	
  Chaitén,	
  and	
  Cordón	
  Caulle.	
   In	
   this	
  paper	
  you	
  only	
  
describe	
   Etna	
   and	
   Cordón	
   Caulle.	
   Should	
   you	
   be	
   citing	
   another	
   study	
   for	
   the	
  
validation	
  against	
  Chaitén	
  and	
  Pinatubo?	
  
	
  
Thanks	
   for	
   this	
   comment.	
   We	
   have	
   validated	
   NMMB/BSC-­‐ASH	
   against	
   several	
  
volcanic	
  eruptions.	
  The	
  scope	
  of	
  this	
  paper	
  is	
  to	
  show	
  representative	
  eruptions	
  for:	
  
i)	
  a	
  strong	
  long-­‐lasting	
  eruptions	
  with	
  changing	
  winds	
  (e.g.	
  2011	
  Caulle)	
  and	
  ii)	
  a	
  
weak	
  eruption	
  with	
  well-­‐characterized	
  tephra	
  deposits	
  (e.g.	
  2001	
  Etna).	
  Additional	
  
validations	
  (e.g.	
  Pinatubo	
  eruption)	
  have	
  been	
  presented	
  in	
  conferences	
  (e.g.	
  Marti	
  
et	
  al.,	
  2013,	
  2014).	
  The	
  text	
  has	
  been	
  updated	
  to	
  include	
  these	
  references.	
  	
  
A	
  complementary	
  paper	
  comparing	
  the	
  on-­‐line	
  and	
  off-­‐line	
  strategies	
  of	
  the	
  model	
  
will	
  illustrate	
  the	
  model	
  results	
  from	
  simulating	
  the	
  2010	
  Eyjafjallajökull	
  eruption.	
  	
  
	
  
Table	
  1,	
  equation	
  1.	
  You	
  might	
  clarify	
  that	
  H_plume	
  is	
  the	
  height	
  of	
  the	
  column	
  
above	
  THE	
  VENT	
  (not	
  above	
  sea	
  level).	
  
Corrected-­‐	
  Thanks!	
  
	
  
Table	
  1,	
  equation	
  2.	
  I	
  don’t	
  see	
  a	
  definition	
  for	
  n.	
  Also,	
  do	
  you	
  use	
  a	
  value	
  of	
  2.8	
  
for	
  z1,	
  as	
  Degruyter	
  and	
  Bonadonna	
  do?	
  
Thanks	
  for	
  this	
  comment.	
  	
  
	
  
As	
  indicated,	
  Z1	
  takes	
  a	
  value	
  of	
  2.8	
  (Morton	
  et	
  al.,	
  1956).	
  This	
  is	
  actually	
  defined,	
  
along	
  the	
  other	
  constants,	
  directly	
  below	
  Eq.	
  2.	
  	
  
	
  
However,	
  you	
  were	
  right	
  in	
  that	
  there	
  was	
  no	
  definition	
  for	
  the	
  constant	
  n.	
  We	
  have	
  
defined	
  n,	
  as	
  in	
  Degruyter	
  and	
  Bonadonna	
  (2012),	
  to	
   !

!
!
!
	
  or	
  ~  0.177.	
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Table	
  4:	
  k	
  and	
  Delta-­‐n_f	
  are	
  not	
  defined.	
  Also,	
  is	
  Delta-­‐n_f	
  the	
  number	
  of	
  particles	
  
PER	
  UNIT	
  VOLUME	
  that	
  aggregate	
  per	
  unit	
  time?	
  
	
  
The	
  table	
  has	
  been	
  updated	
  to	
  define	
  n	
  and	
  clarify	
  Delta-­‐n_f.	
  	
  
Delta-­‐n_f	
  is	
  the	
  Number	
  of	
  particles	
  of	
  a	
  class	
  aggregated	
  per	
  unit	
  volume,	
  and	
  has	
  
been	
  defined	
  accordantly	
  on	
  the	
  left	
  side	
  of	
  the	
  equation.	
  
	
  
	
  Figure	
   2:	
   could	
   you	
   add	
   a	
   symbol	
   indicating	
   the	
   location	
   of	
   Cordon	
   Caulle	
  
volcano?	
  Also,	
  please	
  label	
  Argentine	
  Patagonia.	
  And	
  add	
  country	
  boundaries,	
  so	
  
we	
  know	
  where	
  Paraguay	
  is	
  when	
  you	
  describe	
  it	
   in	
  the	
  text.	
   It’s	
  also	
  not	
  clear	
  
why	
  you	
  chose	
  these	
  times	
  to	
  illustrate	
  in	
  this	
  figure.	
  It’s	
  not	
  explained	
  in	
  the	
  text	
  
or	
  the	
  figure	
  caption	
  
Thanks	
  for	
  this	
  comment.	
  As	
  mentioned	
  before	
  we	
  have	
  updated	
  Figure	
  2	
  to	
  show	
  
the	
   synoptic	
   meteorological	
   situation	
   during	
   the	
   first	
   two	
   weeks	
   of	
   eruptive	
  
activity.	
  We	
  have	
  also	
  added	
  the	
  suggested	
  labels	
  and	
  country	
  boundaries.	
  	
  
Finally,	
   times	
   shown	
   in	
   the	
   original	
   Figure	
   2	
   were	
   chosen	
   to	
   be	
   consistent	
   with	
  
Figure	
  3.	
   	
  We	
  have	
  modified	
   the	
  caption	
   in	
  Figure	
  2	
   to	
  explain	
   the	
  choice	
   for	
   the	
  
new	
  selected	
  days	
  (i.e.	
  first	
  two	
  weeks).	
  
	
  
	
  
Figure	
   3.	
   In	
   the	
   satellite	
   images,	
   you	
   need	
   a	
   scale	
   for	
   brightness	
   temperature	
  
difference.	
  And	
  what	
  IR	
  bands	
  were	
  being	
  differenced?	
  
We	
  have	
  added	
  a	
   scale	
   for	
   brightness	
   temperature	
  as	
   suggested.	
   In	
   addition,	
   the	
  
caption	
   of	
   Figure	
   3	
   indicates	
   now	
   the	
   IR	
   bands	
   being	
   differentiated	
   (11-­‐12	
  
microns)	
  
	
  
Figure	
  4.	
  Mention	
  that	
  the	
  color	
  scale	
  on	
  the	
  left	
  is	
  also	
  g/m2.	
  One	
  can	
  infer	
  this	
  
from	
  the	
  text	
  but	
  it	
  would	
  be	
  good	
  to	
  say	
  it	
  explicitly	
  
Corrected-­‐	
  Thanks!	
  
	
  
Figure	
  5.	
  Add	
  latitude	
  and	
  longitude	
  tick	
  marks	
  to	
  the	
  left-­‐hand	
  maps	
  so	
  that	
  they	
  
can	
  be	
  more	
  directly	
  compared	
  with	
  the	
  right-­‐hand	
  ones.	
  
Thanks	
  for	
  this.	
  We	
  have	
  added	
  tick	
  marks	
  and	
  labels	
  on	
  the	
  left-­‐hand	
  maps.	
  
	
  
Figure	
  6,	
   left	
  plot.	
  Contour	
   labels	
  on	
  this	
  map	
  are	
  too	
  small	
   to	
  read,	
  even	
  when	
  
enlarging	
  the	
  map	
  on	
  the	
  computer	
  screen.	
  
Thanks	
  for	
  this.	
  We	
  have	
  added	
  tick	
  marks	
  and	
  new	
  contour	
  labels	
  on	
  the	
  left-­‐hand	
  
plot.	
  
	
  
Figure	
  9	
  caption.	
  Perhaps	
  change	
   “predicted	
  deposit	
   load”	
   to	
   “modeled	
  deposit	
  
load”.	
  
Corrected-­‐	
  Thanks!	
  
	
  
	
  
Additional	
  references	
  
	
  
• Costa,	
  A.,	
  Folch,	
  A.	
  and	
  MacEdonio,	
  G.:	
  A	
  model	
  for	
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  Theoretical	
  formulation,	
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  Solid	
  Earth,	
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14,	
  doi:10.1029/2009JB007175,	
  2010.	
  

• Elissondo,	
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  Baumann,	
  V.,	
  Bonadonna,	
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