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Several  numerical experiments have been conducted with a s i m p l i f i e d  
tracer t r a n s p o r t  model i n  o rde r  t o  attempt t o  examine t h e  poleward 
t r a n s p o r t  of Mars atmospheric water during a po la r  warming l i k e  t h a t  which 
occurred during t h e  winter solstice d u s t  storm of 1977. Such t r a n s p o r t  is  
of considerable  p o t e n t i a l  s i g n i f i c a n c e ,  both f o r  t h e  formation of t h e  
layered t e r r a i n s  as discussed by Pollack e t  a l . ,  ( 1 , 2 ) ,  and f o r  t h e  o v e r a l l  
Mars water c y c l e  as suggested by Davies ( 3 ) .  The t r a n s p o r t  m o d e l  is  

-- 
i d e n t i c a l  t o  t h a t  previously employed t o  examine t h e  t r a n s p o r t  of d u s t  
during a polar warming ( 4 ) ;  it i s  beta-plane and e s s e n t i a l l y  l i k e  t h a t  
developed by Garcia and Hartmann ( 5 ) .  It r e p r e s e n t s  tracer t r a n s p o r t  by a 
s i n g l e  planetary-scale  wave and t h e  zonal-mean flow, with a seve re ly  
s p e c t r a l l y  t runca ted  l a t i t u d i n a l  tracer d i s t r i b u t i o n .  This l a t te r  a spec t  
of t h e  model c o n s t i t u t e s  probably i t s  g r e a t e s t  l i m i t a t i o n .  

The f l o w  f o r  t h e  t r a n s p o r t  experiments has been taken f r a n  numerical 
s imulat ions w i t h  a nonl inear  beta-plane dynamical m o d e l .  Previous s t u d i e s  
with t h i s  m o d e l  have demonstrated t h a t  a polar warming having e s s e n t i a l  
c h a r a c t e r i s t i c s  l i k e  those  observed during t h e  1977 dus t  storm can be 
produced by a p lane ta ry  wave mechanism analogous t o  t h a t  r e spons ib l e  f o r  
terrestrial sudden s t r a t o s p h e r i c  warmings ( 6 , 7 ) .  As discussed by Barnes 
and Hollingsworth, t h e  r e s i d u a l  mean c i r c u l a t i o n  f o r  such a m o d e l  warming 
is s t rong ly  poleward and downward throughout a deep region a t  high 
l a t i t u d e s  ( 4 ) .  To t h e  e x t e n t  t h a t  t h e  r e s i d u a l  mean c i r c u l a t i o n  r e p r e s e n t s  
a good f i r s t  approximation t o  t h e  Lagrangian mean c i r c u l a t i o n ,  then 
poleward and downward tracer t r a n s p o r t  is implied. 

t h e  absence of any condensation have been carried out .  Observations and 
modeling i n d i c a t e  t h a t  atmospheric temperatures are s u f f i c i e n t l y  high 
during a d u s t  storm t h a t  condensation would be r e s t r i c t e d  t o  high l a t i t u d e s  
and a l t i t u d e s  ( 8 , 9 ) .  The i n i t i a l  water d i s t r i b u t i o n  in t h e s e  experiments 
is s i n u s o i d a l  i n  l a t i t u d e ,  w i t h  column abundances ranging from 30 pr l.an a t  
30' l a t i t u d e  t o  0.1 p r  pm a t  t h e  no r th  pole  (or any cons t an t  m u l t i p l e  of 
t h e s e  v a l u e s ) .  Cases with t h e  w a t e r  uniformly mixed t o  40 and 20 km, and 
f a l l i n g  o f f  r a p i d l y  above, have been examined, For some of t h e  experiments 
an atmospheric source of water has been incorporated,  intended t o  c rude ly  
s imulate  t r a n s p o r t  of water i n t o  t h e  m o d e l  domain by t h e  c ros s -equa to r i a l  
Hadley c i r c u l a t i o n  (which i s  not e x p l i c i t l y  represented i n  t h e  dynamical 
m o d e l ) .  The source has e s s e n t i a l l y  t h e  same s t r u c t u r e  as t h e  i n i t i a l  
d i s t r i b u t i o n ,  and a rate such as t o  l a r g e l y  "replace" t h e  i n i t i a l  water 
within t h e  period of t h e  s imulat ions ( 4 0  sols) .  

The numerical experiments i n d i c a t e  t h a t  t h e  flow during a po la r  
warming can t r a n s p o r t  very s u b s t a n t i a l  amounts of water t o  high northern 
l a t i t u d e s ,  given t h a t  t h e  water does not condense and f a l l  o u t  be fo re  
reaching t h e  polar region. For an i n i t i a l  water abundance of 30 pr l.un a t  
30"N, abundances of -7-15 p r  pm are obtained a t  t h e  pole a f t e r  -20 sols 
( t h e  lower va lues  f o r  no source,  t h e  higher with a source ) .  The t o t a l  
water t r anspor t ed  north of 60' ranges from . l-2x1014g (no t  including t h e  
i m p l i c i t  t r a n s p o r t  by t h e  sou rce ) .  Such amounts m u l d  be very s i g n i f i c a n t  
f o r  t h e  water cycle:  n e t  southward t r a n s p o r t s  of t h i s  magnitude have been 
i n f e r r e d  from t h e  annual ly  averaged water d i s t r i b u t i o n  ( 1 0 ) .  

Several  numerical experiments intended t o  s imulate  water t r a n s p o r t  i n  
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The water and d u s t  t r a n s p o r t  experiments t oge the r  appear to lend 
support  t o  t h e  type of scenar io  proposed by Pol lack et  al .  ( 1,2) as p lay ing  
a key role i n  t h e  formation of t h e  layered  t e r r a i n s .  The mass of water 
obtained a t  very high l a t i t u d e s  is roughly comparable t o  (perhaps s l i g h t l y  
smaller than)  t h e  mass of d u s t  deposi ted on t h e  su r face  i n  dus t  t r a n s p o r t  
experiments incorpora t ing  sedimentation. Condensation of t h e  water onto 
d u s t  g ra ins  m u l d  thus  imply s l i g h t l y  l a r g e r  composite particles; produc- 
t i o n  of very l a r g e  p a r t i c l e s  would need to then  be by C02 condensation or 
poss ib ly  particle aggregat ion.  The dus t  t r a n s p o r t  experiments with sedi-  
mentation i n d i c a t e  t h a t  a composite (water and d u s t )  layer - 1 0  pm t h i c k  
can e a s i l y  be deposi ted a t  t h e  no r th  pole  dur ing  a polar  warming event. 
This is  close t o  t h e  magnitude requi red  f o r  formation of an ind iv idua l  
polar l aye r  over t h e  time scale of t h e  Martian orbi ta l  v a r i a t i o n s .  

-- 
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