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Tropical Convection

uLarge areas of deep tropical 
convection can have a major impact 
on global weather patterns.

uThis convection affects the Hadley 
and Walker Circulations.



Tropical Convection (cont.)
u For sustained deep tropical convection over the 

Ocean, the water temperature needs to be at 
least 26.5 degrees C (80 F) and preferably 28.3 
degrees C (83 F) or warmer.

u The area from the central Pacific through the 
Indian Ocean typically meets this criteria (the 
“warm pool”).

u Convective areas have a tendency to move due 
to differential heating. The clouds and rain from 
the convection cool the water and air, while areas 
to the east and west warm in the sunshine.
– The directional movement of large areas of convection is 

usually towards the east (such as the MJO).
– The state of ENSO can set up preferred areas of 

convection and “fix” them to certain geographical areas.



Walker Circulation
u Walker circulation is zonal (east-west 

along and near the equator).
u Strongly affected by ENSO.



Hadley Circulation
u Meridional (north-south) flow.



uTropical convection has a strong 
influence on the Hadley and Walker 
circulations.

uThe impacts on the Hadley 
circulation are the main focus of this 
presentation.



Rossby Wave Definition
uRossby (or planetary) waves are 

large-scale motions in the ocean or 
atmosphere whose restoring force is 
the variation in Coriolis effect with 
latitude.

uCan be baroclinic or barotropic
depending on vertical structure.

uThese are the major “sensible” 
weather producers at middle to high 
latitudes. (The Highs and Lows).



Methodology
u Outgoing Longwave Radiation (OLR)

– Terrestrial radiation escaping to space.
– Is high in clear skies, low with clouds.
– Is used as a proxy for tropical convection, 

as most clouds in the tropics are due to 
convection.

– The anomalous OLR is used.
u Winds at 150 mb

– Used to find Highs and Lows (Rossby 
Waves).

– The anomalous wind is used.



Methodology

uWe will look at two common 
tropically forced Rossby “wave 
trains”.



Case 1

uDecember 14-15, 2007.
uConvective flare-up in the eastern 

Indian Ocean.





uNote the large area of negative OLR 
anomalies over the eastern Indian 
Ocean. 

uAlso notice the positive anomalies to 
the west and especially to the east of 
this convective flare-up.





uNote the highs and lows that set up 
due to this flare-up (the Rossby 
“wave train”). 

uAlaska is about one and a half wave 
lengths into this “train”.

uThe weather pattern for Alaska 
consists of a High along the 180th

meridian, and a Low around 150 
degrees west.



Case 2

uNovember 12 to December 11, 2007.
uPersistent convection over the 

western Pacific Ocean.





uNote the area of persistent (30 day 
average) convection over the 
western Pacific Ocean. 

uThere are also strong positive 
anomalies to the west and east of 
this convective area.





uNote the wave train, and that Alaska 
is only one wavelength downstream.

uThe pattern for Alaska consists of a 
Low near the 180th meridian and a 
High just east of 150 degrees west. 
This is almost the opposite of case 1.

uAs an aside, note the very strong 
and persistent wind anomalies over 
the eastern Pacific. This was a 
reflection of an ongoing La Nina 
(enhanced Walker circulation). 

u (Also of note is the anomalous high centered north of 
Alaska and how it impacts the entire Arctic Ocean.)







Applications
u Forecasting 

– The area of convection can be (somewhat) predictable.
u The state of ENSO can lead to certain areas being more likely to 

have persistent convection.
u If the MJO is active, the pattern changes can be anticipated.

– In these situations it can aid in the choosing of the most 
likely scenario if the medium range forecasts from the 
numerical models are showing a variety of possibilities 
(high spread). 



Questions?

uQuestions?
uFor more information:

–Contact William Ludwig at 
bill.ludwig@noaa.gov


