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My	  Hobbies	  

•  Gym	  
•  Running	  
•  Basketball	  	  
•  Philly	  sports	  
•  R&B	  music	  
•  Cooking	  



Overview	  of	  my	  research	  

•  Finishing	  M.S.	  degree	  
•  Working	  in	  CGD	  at	  
NCAR	  

•  Par4cipa4ng	  in	  
DYNAMO	  

•  Ph.D.	  topic	  an	  
con4nua4on	  of	  M.S.	  
research	  



CSU	  M.S.	  project	  –	  Mean	  Meridional	  
Circula4ons	  (MMCs)	  

•  Two	  dominant	  modes	  of	  
Mean	  Meridional	  
Circula4ons	  (MMCs)	  –	  
Shallow	  and	  Deep	  	  

	  
•  Zhang	  et	  al.	  (2004)	  recorded	  

first	  observa3ons	  of	  SMC	  

•  Strongest	  in	  tropical	  E.	  
Pacific	  Ocean,	  E.	  Atlan4c/W.	  
Africa	  



SMC	  Theories	  
•  Current	  theory	  –	  large	  

surface	  temperature	  
gradients	  

•  Proposed	  theory	  –	  Tropics	  
have	  small	  iner4al	  stability	  -‐>	  
large	  Rossby	  length	  -‐>	  
shallower	  MMCs	  

•  Simple	  model	  with	  diaba4c	  
hea4ng	  and	  frici4onal	  
forcings	  



Deep	  Hea4ng	  
•  As	  hea4ng	  is	  displaced	  farther	  from	  equator,	  meridional	  

wind	  anomalies	  increase	  and	  geopoten4al	  height	  
anomalies	  become	  more	  nega4ve	  

•  ITCZs	  in	  E.	  Atl	  and	  E.	  Pac	  stay	  north	  of	  equator	  -‐>	  regions	  
where	  SMCs	  are	  present	  

•  Surface	  wind	  field	  has	  an	  associated	  wind	  stress	  curl	  

•  Also	  regions	  where	  “cold	  tongue”	  is	  present	  -‐>	  large	  SST	  
gradients	  





Fric4onal	  Forcing	  

•  Surface	  wind	  fields	  oppose	  the	  original	  wind	  
stress	  forcing	  field	  (posi4ve	  wind	  stress	  curl)	  

•  When	  fric4onal	  forcing	  is	  displaced	  far	  from	  
the	  equator	  there	  are	  3	  regions:	  	  	  
– 1	  main	  region	  of	  pos44ve	  vor4city	  	  
– 2	  regions	  of	  Ekman	  suc4on	  





Ver4cal	  Cross	  Sec4on	  

•  Ekman	  pumping	  region	  is	  strongest,	  with	  
weaker	  Ekman	  suc4on	  to	  its	  north	  and	  south	  

•  Rossby	  length	  keeps	  the	  Ekman	  suc4on	  
shallower	  and	  weaker	  near	  equator	  

•  SMC	  is	  present	  when	  fric4onal	  forcing	  is	  
zonally	  elongated	  





Con4nuing	  Work	  

•  High-‐resolu4on	  coupled	  CCSM	  3.5	  produces	  
a	  robust	  SMC	  	  

•  Shallow	  convec4on	  and	  the	  SMC	  are	  most	  
prominent	  when	  cold	  tongue	  strongest	  

•  	  Deep	  convec4on	  is	  broad	  and	  extends	  
farther	  poleward	  

•  Shallow	  convec4on	  is	  narrow	  and	  stays	  close	  
to	  equator	  





Conclusions	  and	  Future	  Work	  
•  Displacement	  of	  ITCZ	  in	  E.	  Pac	  and	  E.	  Atl	  allows	  for	  cold	  SST	  anomalies	  

-‐>	  larger	  SST	  gradient	  

•  Cyclonic	  wind	  stress	  forcing	  leads	  to	  Ekman	  pumping	  in	  BL	  and	  SMC	  
when	  it’s	  zonally	  elongated	  

•  Fric4onal	  forcing	  has	  rela4vely	  weak	  ver4cal	  mo4on,	  but	  -‐>	  not	  
significant	  enough	  

•  CCSM	  shows	  a	  robust	  SMC	  with	  evidence	  of	  concepts	  of	  Rossby	  length	  

•  Both	  SST	  gradients	  and	  wind	  stress	  forcing	  important	  features,	  but	  
which	  is	  more	  important	  for	  the	  SMC?	  

•  A	  more	  complex	  model	  on	  SST	  and	  fric4onal	  forcing	  influence	  on	  
buildup	  of	  convec4on	  



Ques4ons?	  


