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Introduc9on	  
We	  use	  an	  idealized	  aquaplanet	  GCM	  to	  examine	  the	  structure	  of	  
the	   Intertropical	   Convergence	   Zone	   (ITCZ),	   the	   seasonally	  
migra9ng	  tropical	  precipita9on	  zone	  on	  Earth,	  over	  a	  wide	  range	  
of	  rota9on	  rates,	  keeping	  everything	  else	  Earth-‐like.	  
	  
Our	   primary	   focus	   is	   the	   extent	   of	   the	   ITCZ,	   specifically	   its	  
poleward	   boundary	   in	   the	   summer	   hemisphere	   associated	   with	  
the	  seasonally	  moving	  ascending	  branch	  of	  the	  Hadley	  circula9on.	  
On	   Earth,	   the	   precipita9on	   of	   the	   ITCZ	   is	   concentrated	   in	   a	  
rela9vely	   narrow	   la9tudinal	   band	   in	   the	   tropics.	   However,	   on	  
planetary	   seXngs	   such	   as	   Titan,	   it	   has	   been	   argued	   that	   the	  
equivalent	   precipita9on	   zone	   can	   migrate	   significantly	   off	   the	  
equator	   into	   the	   summer	   hemisphere,	   perhaps	   even	   to	   the	  
summer	  pole.	  This	  is	  in	  agreement	  with	  Titan	  being	  an	  "all-‐tropics"	  
planet	  with	  a	  far-‐reaching	  Hadley	  cell	  (Mitchell	  et	  al.,	  2011).	  	  
	  
Thus,	   it	   is	   not	   surprising	   that	   we	   find	   the	   extent	   of	   the	   ITCZ	  
moving	   significantly	   away	   from	   the	   equator	   as	   the	   rota9on	   rate	  
decreases,	   even	   reaching	   the	   summer	   pole	   for	   small	   enough	  
rota,on	  rates	  (see	  Fig.	  3).	  

Experiment	  Design	  
•  Moist	   aquaplanet	   GCM	   (Frierson	   et	   al.,	   2006;	   Frierson,	  

2007)	  
	  
•  64	  x	  128	  horizontal	  resolu9on;	  25	  ver9cal	  levels	  
	  
•  Ω	  =	  αΩE	  for	  α	  =	  1,	  1/2	  ,	  1/4	  ,	  1/8	  ,	  1/16	  ,	  1/32	  

•  3-‐year	  seasonal	  runs	  
•  10-‐year	  eternal	  runs,	  end-‐members	  only	  (α=1,	  1/32)	  

Results	  
We	  focus	  on	  three	  features	  that	  represent	  the	  extent	  of	  the	  ITCZ:	  1)	  precipita9on,	  2)	  Hadley	  cell	  extent,	  
and	  3)	  near-‐surface	  temperature.	  

Figure	  3:	  Seasonal	  cycle	  of	  zonal-‐mean	  precipita9on	  (color	  contours,	  mm/day)	  for	  changing	  rota9on	  with	  ocean	  mixed	  layer	  thickness	  of	  2	  m.	  
Value	  of	  α	  is	  given	  at	  top	  of	  each	  subplot.	  Ver9cal	  black	  lines	  indicate	  20-‐day	  periods	  over	  which	  sols99al	  averages	  were	  taken	  in	  Figs.	  4	  and	  5.	  	  

Figure	  5:	   Zonal-‐mean	   near-‐surface	   (850	   hPa)	   temperature	   averaged	   over	  
northern	   summer	   sols9ce	   for	   rota9on	   cases.	   Corresponding	   ver9cal	   lines	  
represent	  the	  extents	  of	  the	  winter	  Hadley	  cell,	  defined	  as	  the	  la9tudes	  at	  
which	  the	  streamfunc9on	  of	  meridional	  overturning	  circula9on	  is	  2%	  of	  the	  
cell's	  max	  value.	  Note	  that	  the	  northern	  extents	  for	  Ω/ΩE	  =	  1/8	  and	  Ω/ΩE	  =	  
1/16	  are	  the	  same.	  	  
•  The	  main	  ascent	  region	  of	  the	  Hadley	  cell	  is	  near	  

the	   local	   MSE	   (as	   in	   Bordoni	   and	   Schneider,	  
2008)	  

•  Smaller	  temperature	  gradients	  at	  lower	  rota9on	  
suggest	   a	   lack	   of	   baroclinic	   eddies	   in	   the	   high	  
la9tudes	  of	  the	  summer	  hemisphere	  

So	   it	  would	  seem	  that	  baroclinic	  ac9vity	  
in	   the	   summer	   hemisphere	   limits	   the	  
extent	  of	  the	  ITCZ.	  However…	  
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Decreasing	   the	   thermal	   iner9a	   of	   the	   slab	   ocean	   by	   making	   the	  
mixed	  layer	  shallower,	  however,	  has	  lisle	  effect	  in	  moving	  the	  ITCZ	  
off	   the	   equator,	   as	   seen	   from	   Fig.	   1.	   This	   suggests	   that,	   ater	   a	  
certain	  limit,	  the	  heat	  capacity’s	  role	  in	  determining	  the	  extent	  of	  
the	   ITCZ	   is	   less	   important	   than	   previously	   thought;	   and	   that	   the	  
momentum	  budget	  must	  be	  taken	  into	  account	  in	  addi9on	  to	  the	  
surface	  energy	  budget.	  	  

Figure	  1:	  Zonal-‐mean	  precipita9on	  (color	  contours,	  mm/day)	  from	  our	  simula9ons	  of	  Earth	  for	  
decreasing	  surface	  heat	  capaci9es,	  from	  the	  control	  heat	  capacity	  CE	  =	  107	  J	  K-‐1	  m-‐2	  ,	  which	  is	  
equivalent	  to	  ~2m	  slab	  ocean	  depth	  (let)	  to	  1/100	  of	  that	  depth	  (middle)	  to	  1/10,000	  of	  that	  
depth	  (right).	  

Figure	  4:	  Sols99al	  streamfunc9on	  contours	  (black,	  solid	  lines	  counter-‐clockwise)	  are	  10%	  of	  max,	  printed	  in	  top	  let	  corner	  in	  kg/s.	  Wind	  contours	  (red)	  
are	  6	  m/s,	  with	  the	  dosed	  contours	  being	  nega9ve	  (indica9ng	  easterlies).	  Color	  contours	  indicate	  eddy	  momentum	  flux	  divergence,	  where	  warm	  colors	  
are	  divergence	  and	  cool	  colors	  are	  convergence	  (8	  x	  10-‐6	  m/s2	  interval).	  Grey	  contours	  are	  angular	  momentum	  contours	  (Ωa2/17	  interval).	  

Eternal	  Sols9ce	  Runs	  

Figures	  6,7,8:	  Same	  plots	  as	  Figs.	  
3,4,	   and	   5	   but	   with	   the	   eternal	  
sols9ce	  cases,	  averaged	  over	  the	  
full	   tenth	  year.	   (Also	  with	  mixed	  
layer	  thickness	  of	  2	  m.)	  	  

T h e 	   M S E 	   m a x	  
argument	  does	  NOT	  
apply	   to	   the	   Earth-‐
like	   eternal	   sols,ce	  
c a s e !	   M i n i m a l	  
baroclinic	   ac9vity	  
and	   s9ll	   the	   ITCZ	  
rema ins	   a t	   l ow	  
la9tudes.	  

Next	  Direc9ons	  
We’ve	   shown	   that	   the	   extent	   of	   the	   ITCZ	   in	   an	   aquaplanet	   simula9on	  
with	  moist	  convec9on	  can	  reach	  the	  summer	  pole	  with	  a	  rota9on	  rate	  
as	   large	   as	   1/8	   of	   Earth’s.	   This	   is	   evidenced	   by	   several	   diagnos9cs,	  
including	   precipita9on,	   Hadley	   cell	   extent,	   and	  maximum	   near-‐surface	  
temperature,	  all	   reaching	   the	  pole	   for	  small	   rota9on	  cases.	  We’ve	  also	  
shown	  the	  MSE	  maximum	  condi9on	   fails	   to	  predict	   the	   loca9on	  of	   the	  
ITCZ	  in	  eternal	  sols9ce	  runs.	  	  
	  
Future	  work	  to	  obtain	  general	  scaling	  laws	  for	  la9tude	  of	  ITCZ:	  
•  Hadley	  cell	  width	  theory	  (Held	  and	  Hou,	  1980;	  Caballero,	  2008)	  

•  Energy	  balance	  within	  circula9on	  
•  Angular	  momentum	  conserva9on	  

•  Momentum	  force	  balances	  in	  the	  boundary	  layer	  at	  the	  convergence	  
zone	  

Figure	  2:	  Insola9on	  forcing	  (W/m2)	  for	  seasonal	  cycle	  (let),	  as	  formulated	  by	  Hartmann	  (1994),	  
and	  eternal	  sols9ce	  (right).	  	  

ITCZ	  reaches	  the	  pole	  for	  Ω/ΩE	  =	  1/8,	  1/16,	  1/32	  


