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Introduction:   By  definition,  dust  devils
transport  particles  (usually  dust).  This  redis -
tribution  may  be  confined  locally  for  larger
particles,  but  in  the  case  of  smaller  particles
may  contribute  to  regional,  even  global,
aerosol  abundances,  which  in  turn  affect  at -
mospheric  circulations.  Many  dust  devil
tracks  have  also  been  observed  on  Mars  by
imagers  aboard  orbiting  spacecraft,  some  in
the  process  of  being  created.  A concentra tion
of  these  tracks  can  sometimes  significantly
alter  the  regional - scale  albedo  of  the  surface,
possibly  leading  to  changes  in  regional  and
local- scale  atmospheric  circulations.

Some  relevant  dust  lifting  parameteriza -
tion  work  for  large- scale  atmospheric  models
has  already  been  done,  e.g.,  [1], but  does  not
rely  on  measurements  or  model  predictions  of
resolved  dust  devil  particle  transport,  and  of -
ten  assumes  a  single  particle  size.   The  aim  of
the  work  described  here  is  to  elucidate  the
multi - size  particle  transport  facilitated  by
Mars  dust  devils,  including  the  processes  that
create  their  tracks.  

Modeling  Approach:  The  atmospheric
model  used  is  the  Mars  Regional  Atmospheric
Modeling  System  (MRAMS) [2]. Multi- size  dust
transport  capability  is  provided  by  the  inte -
gration  of  the  aerosol /cloud  model  CARMA [3]
with  MRAMS.  In  this  model,  the  dust  particle
distribution  (discretized  into  mass /size  bins)
is  subject  to  advection,  turbulent  diffusion,
and  gravitational  sedimentation.  Five  mass
bins  are  used  here,  with  their  corresponding
midpoint  radii  ranging  from  0.36  µm  to  104
µm  (density  of  3000  kg m - 3).

The  surface  source  of  dust  is  parameter -
ized  using  the  scheme  of  Murphy  [4], with  the
lifting  threshold  set  at  14  mN  (to  attempt  to
account  for  increased  lifting  efficiency  of  dust
devils  vs.  straight- line  winds).   Although  an
infinite  supply  of  dust  is  assumed,  the
amount  of  dust  (in  each  bin)  that  falls  onto
the  surface  and  the  amount  that  is  lifted  is
recorded  at  each  horizontal  model  gridpoint.

There  are  two  computational  grids,  one
that  has  a gridspacing  of  100  m,  and  25  m  for
the  second.   The  simulations  are  partially  ide -

alized,  in  that  they  have  no  topography,  have
cyclic  lateral  boundary  conditions,  and  the
initial  winds  are  arbitrarily  set  to  5  m  s - 1 (to -
wards  the  east).   The  initial  temperature  pro -
file  is  that  at  the  MER-A landing  site  (0520  lo -
cal  time)  from  a  prior  mesoscale  MRAMS run
(realistic;  gridspacing  of  3.75  km)  of  Gusev
crater  at  Ls=238 °.

Preliminary  Results:   By late  morning  (in
the  simulation),  vertical  convective  vortices
were  abundant  throughout  the  model  domain.
However,  only  the  largest  of  these  were  lifting
dust  (therefore  a  member  of  this  subset  of
vortices  is termed  a dust  devil). 

The  modeled  dust  devils  (DD) appeared  to
exhibit  fast,  local  particle  redeposition  (within
a  DD  radius  of  the  point  of  lifting,  and
within  the  DD  lifetime)  for  nearly  all  of  the
~100  µm  particles  and  only  a  negligible  frac -
tion  of  the  dust  with  a  radius  smaller  than  10
µm.  Also,  the  modeled  DD  generally  have  a
relatively  clear,  sinking  core.

Figure  1:  An  example  of  a  pronounced  DD
track  from  the  simulation.  The  shading  indi -
cates  the  amount  of  “bright”  dust  lifted  from
a  dark  substrate  (darker  =  more  dust  lifted).
The  blue  and  white  contours  (surface  pres -
sure)  show  the  position  of  the  DD  vortex  at
equal  time  intervals  (100  s)  along  the  track
(moving  from  left  to  right).   The  two  smaller
blue  contours  at  the  beginning  and  center  of
the  track  are  smaller,  separate  vortices.  The
DD width  ranges  from  100  m  to  400  m,  and
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the  domain  area  shown  in  the  figure  is  about
1.5x2  km.  Note  the  non- constant  direction
and  speed  of  movement  of  the  DD.  The  over -
all  equivalent  depth  of  dust  lifted  per  unit
area  along  the  modeled  track  is  O(1  µm),  al-
though  this  quantity  may  change  significantly
with  different  initial  conditions  and /or  dust
lifting  assumptions.   
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