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Our	
  research	
  focus:	
  	
  
• MJO	
  &	
  Convec3vely-­‐coupled	
  waves	
  
• Tropical-­‐Extratropical	
  Interac3on	
  
• Parameterized	
  and	
  explicit	
  
convec3on	
  in	
  global	
  models	
  

YOTC	
  MJO	
  event:	
  	
  
15	
  January	
  –	
  4	
  February	
  2009.	
  

Ques,ons:	
  	
  
(1)  Do	
  global	
  3	
  km	
  and	
  15	
  km	
  

simula,ons	
  capture	
  large-­‐scale	
  
MJO	
  signal	
  and	
  convec,ve	
  
systems?	
  

(2)  Do	
  simula,ons	
  offer	
  any	
  insight	
  
to	
  scale-­‐interac,ons?	
  



MJOs	
  during	
  YOTC	
  

La	
  	
  Nina	
  
state	
  

El	
  Nino	
  
state	
  	
  

2
0
0
8

2
0
0
9

2
0
1
0

Simula,on	
  
period	
  15	
  
January	
  –	
  4	
  
February	
  



Meteosat	
  VISSR	
  (IODC)	
  057.0E	
  	
  
25	
  January	
  2009	
  at	
  1200	
  UTC	
  

5.7	
  -­‐	
  7.1	
  µm	
  	
  
Mid-­‐IR	
  /	
  Water	
  Vapour	
  



15 January – 4 February 2009"
TRMM precipitation analysis"
Hovmoller diagram, 10S-10N"
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15 January – 4 February 2009"
TRMM precipitation analysis"
Hovmoller diagram, 10S-10N"



19 January 2009, 0 UTC"

28 January 2009, 0 UTC"

-20" 20"0"

ERA-I analysis, zonal velocity (m/s)"

15 January – 6 February 2009"
ERA-I analysis, zonal velocity "
Hovmoller diagram, 10S-10N"



Global	
  nonhydrosta,c	
  simula,ons	
  using	
  MPAS	
  
0	
  UTC	
  15	
  January	
  –	
  0	
  UTC	
  4	
  February	
  2009	
  	
  

3	
  km	
  (cell-­‐spacing)	
  global	
  uniform	
  mesh	
  
No	
  convec,ve	
  parameteriza,on	
  	
  

15	
  km	
  (cell-­‐spacing)	
  global	
  uniform	
  mesh	
  
(1)  No	
  convec,ve	
  parameteriza,on	
  
(2)  Tiedtke	
  convec,ve	
  parameteriza,on	
  	
  

CFSR	
  ini,aliza,on.	
  
Complete	
  suite	
  of	
  NWP	
  physics	
  	
  
(6	
  category	
  microphysics)	
  



15 January – 4 February 2009"
TRMM precipitation analysis"
Hovmoller diagram, 10S-10N"

15 January – 4 February 2009"
3 km MPAS, precipitation"

Hovmoller diagram, 10S-10N"



15 January – 4 February 2009"
TRMM precipitation analysis"
Hovmoller diagram, 10S-10N"

15 January – 4 February 2009"
3 km MPAS, precipitation"

Hovmoller diagram, 10S-10N"



15 January – 4 February 2009"
3 km MPAS, precipitation"

Hovmoller diagram, 10S-10N"
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15 January – 4 February 2009"
TRMM precipitation analysis"
Hovmoller diagram, 10S-10N"

15 January – 4 February 2009"
15 km MPAS, precipitation"

Hovmoller diagram, 10S-10N"
no convective param."



15 January – 4 February 2009"
TRMM precipitation analysis"
Hovmoller diagram, 10S-10N"

15 January – 4 February 2009"
15 km MPAS, precipitation"

Hovmoller diagram, 10S-10N"
Tiedtke convective param."



12	
  UTC	
  29	
  January	
  2009,	
  MPAS	
  global	
  3	
  km	
  simula,on	
  
Lowest-­‐model-­‐level	
  poten,al	
  temperature	
  (K)	
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29 January 2009, Vertical Cross Section, (3S, 99.5:101.5E), 3 km MPAS 
zonal velocity

vertical velocity



12	
  UTC	
  31	
  January	
  2009,	
  MPAS	
  global	
  3	
  km	
  simula,on	
  
Lowest-­‐model-­‐level	
  poten,al	
  temperature	
  (K)	
  

A	
  
B	
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31 January 2009, Vertical Cross Section, (6.5S, 130.3:132.3E), 3 km MPAS 

cloud water + cloud ice

rain + snow + graupel

zonal velocity

vertical velocity

(A)	
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31 January 2009, Vertical Cross Section, (7.9S, 120:122E), 3 km MPAS (B)	
  



19 January 2009, 0 UTC"

28 January 2009, 0 UTC"

-20" 20"0"

ERA-I analysis, zonal velocity (m/s)"MPAS 3 km, zonal velocity (m/s)"

19 January 2009, 0 UTC"

28 January 2009, 0 UTC"

-20" 20"0"

How	
  is	
  the	
  westerly	
  wind	
  burst	
  
(jet)	
  produced	
  in	
  this	
  MJO	
  event?	
  	
  



+	
  

-­‐	
  
jet	
  	
   ver,cal	
  vor,city	
  	
  	
  

How	
  is	
  the	
  westerly	
  wind	
  burst	
  (jet)	
  
produced	
  in	
  this	
  MJO	
  event?	
  	
  

Possible	
  mechanisms	
  for	
  producing	
  the	
  jet:	
  
(1)	
  In	
  situ	
  produc,on	
  of	
  the	
  ver,cal	
  vor,city	
  (,l,ng,	
  

baroclinic	
  effects)	
  
(2)	
  Transport	
  into	
  the	
  equatorial	
  region	
  and	
  

subsequent	
  amplifica,on	
  (stretching)	
  



0 UTC 22 January" 0 UTC 24 January"

0 UTC 26 January"

MPAS 3 km, relative (vertical) vorticity"

area-averaged vertical velocity (cm/s)
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An,cyclones	
  from	
  
midla,tude	
  baroclinic	
  
waves	
  (1)	
  transport	
  
vor,city	
  into	
  the	
  
equatorial	
  region	
  and	
  
(2)	
  enhance	
  equatorial	
  
convergence.	
  



Summary	
  
Simula,ons	
  capture	
  some	
  aspects	
  of	
  Jan-­‐Feb	
  2009	
  MJO	
  event	
  
•  Westerly	
  wind	
  burst	
  
•  Propaga,ng	
  convec,ve	
  systems	
  

There	
  are	
  some	
  significant	
  errors	
  
•  Delayed	
  onset	
  of	
  convec,ve	
  enhancement	
  in	
  early	
  period	
  
(no	
  convec,ve	
  parameteriza,on	
  simula,ons).	
  

•  Simulated	
  MCS	
  propaga,on	
  speeds	
  greater	
  than	
  observed.	
  

Midla,tude	
  baroclinic	
  waves	
  and	
  associated	
  an,cyclone	
  
evolu,on	
  contribute	
  to	
  the	
  development	
  of	
  the	
  westerly	
  
wind	
  burst	
  in	
  this	
  case.	
  

Next:	
  model	
  improvements,	
  other	
  YOTC	
  and	
  DYNAMO	
  cases.	
  


