
There’s much more to be explored! These idealized 
simulations can be used to study Kelvin wave 

amplification, Kelvin wave-TC interactions, controls on 
TC size/frequency/rapid intensification, and more.

SIMULATION DESIGN

GENERAL SURVEY OF SELF-AGGREGATION LOW-LATITUDE MODES - WAVES

HIGH-LATITUDE MODES – TROPICAL CYCLONES
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FIGURE 1

Modes of organized convection, and the leading 
processes causing them, change with the 

background rotation in f-plane environments.

Can we describe this self-aggregation “spectrum” 
when a layer of complexity (β effect) is added?
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• Eastward-propagating Kelvin wave mode is dominant, with a less 
prominent westward equatorial Rossby wave mode

• Westward slope of equatorial zonal wind, temperature, pressure 
anomalies w/ height → classic Kelvin wave vertical structure

• Convectively-active phase led by layer of shallow clouds → similar to
overturning circulation associated w/ “low-f” self-aggregation

• High latitudes: Surface flux 
feedback is dominant due 
to WISHE in TCs

• Competes with strong 
negative advective effect
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2 regimes of organized convection emerge, driven by 
different processes: Equatorial waves and tropical cyclones.
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“TC” and “EQ” belts separated by the minimum 
latitude of tropical storm occurrence (9-17.5°)

300 K SST, 
constant insolation

Convection initialized by 
random temperature 

anomalies in low levels

5 km horizontal grid 
spacing, 74 levels

Periodic E/W boundaries, rigid N/S walls

NAME CENTER LAT. MAGNITUDE OF β EFFECTIVE LAT. RANGE

FULL15 15°N Near-Real Earth (1) 30°S-60°N

HALF15 15°N 0.5 7.5°S-37.5°N

ENHD15 15°N 1.5 52.5°S-82.5°N

FULL45 45°N 1 0°-90°N

FULL00 0° 1 45°S-45°N

Day 10-20: Initial 
TC genesis window

Faster separation of dry and moist air 
near equator (initial dry patch growth)

Drier mean state at low latitudes; TCs 
enhance FMSE variance farther poleward

• Low latitudes: Surface flux feedback 
dominant in initial triggering

• Later: Shortwave radiative feedback 
dominant in maintenance
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Slight preference for 
subtropical TCG, even 
in Cartesian domain

Developing cases 
tend to rapidly 
intensify into 

major hurricanes
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MOTIVATION
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