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Convection influences weather and climate in fundamental ways and is 
poorly represented in climate models with serious consequences for their 
simulation of the overall circulation and weather. 

The global atmospheric 
energy balance

Jakob et al., JGR 2019

Tropical atmospheric waves in GCMs

Jiang et al, JGR 2015

Rainfall biases in GCMs

IPCC AR6



We use radar observations and a large-scale analysis near Darwin in 
Northern Australia to study scale interactions within a GCM grid-box

Convective/stratiform detection

Convective echo top height

• C-Band (5.3 cm) Polarimetric Doppler 
Radar


• Range 150 km


• 10 minute 3-D scan strategy


• Construct CAPPI every 0.5 km at 2.5 
km x 2.5 km resolution


• Steiner algorithm to identify convective 
and stratiform echo regions


• Work with 0 dBZ thresholds to 
determine echo-top heights


• 16 years (wet seasons) of data


• Variational analysis combining ECMWF 
analysis with local observations


• 12-years of overlapping data

Area-mean vertical motion during TWP-ICE

Field 
experiment

ECMWF 
analysis

Variational 
analysis



Area mean convective rainfall in a convective region 
is largely determined by the area that is raining!

16 wet seasons of radar data 

> 330,000 radar scans with 
convection 

> 3.3 Mill. individual convective 
cells

Louf et al., GRL, 2019

Area average convective rainfall 
vs. convective area



Area-average rain and rain intensity behave very differently and 
are related to different aspects of the large-scale environment
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Rainfall as a function of convective 
cell number and area

Convective environment as a 
function of convective cell number 
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Louf et al., GRL 2019



We can study the vertical extent of convection by 
studying conditional echo top height (ETH) distributions
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Savazzi et al., JGR, 2021



Mass flux Area Fraction Bulk vertical velocity

Profiles

Vertical 
derivatives

Combining area, ETH and vertical motion allows us to derive bulk-
mass flux profiles, their components and vertical derivatives. 

Savazzi et al., JGR, 2021



There are ways to implement these ideas into the next 
generation climate models - and it’s starting to work, but …
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Reflections
• Long-term ground-based observations for research have a huge effect on our 

science and ability to build models - many tropical observatories, including the 
CPOL radar in Darwin, have been closed over the past few years.


• Long-term radar observations are incredibly useful to study processes at small 
scales and their relationship to the larger atmosphere. Radars are more than a now-
casting tool! Kudos to Joshua Soderholm and colleagues for developing the 
Australian Unified Radar Archive. 


• Our findings can be directly used to develop better models. However, despite 
several attempts, model development does not attract funding in Australia.


• Almost all our work was done in a deep and longterm (10+ years) collaboration 
between the Monash and the Bureau. We learned a lot not only about the 
atmosphere, but also how to make such collaboration work. Trust, Time and Funding 
for postdocs (not students or professors) are key! 


