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What is an MCS? We are lacking a clear definition for automatic tracking

AMS Glossary

ñA cloud system that occurs in connection with an ensemble of 

thunderstorms and produces a contiguous precipitation area on the 

order of 100 km or more in horizontal scale in at least one direction.ò 

Based on Houze (2004)

In Prein et al. (2023) we agreed on:

1. The continuous brightness temperature ( Tb)ɯ241 K area must 
be at least 40,000 km 2 for at least four continuous hours .

2. The maximum hourly precipitation underneath the 
ɯ241K Tb area must be larger than 10 mm hr ɩ1for at least 4 
continuous hours .

3. The hourly precipitation volume must exceed 
20,000 km 2 mm hɩ1(e.g., 100 km × 100 km × 2 mm hrɩ1) at 
least once in the lifetime of the MCS

4. The minimum Tb must be <225 K during the MCS lifetime to 
account for overshooting tops.

South American Affinity Group
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Comparing MCS Trackers on Idealized Cases

Prein et al. (2023)

MOAAP tobac ForTraCC TAMS PyFLEXTRKR TOOCAN

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2023JD040254
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Comparing the Trackers on a Real Case

Prein et al. (2023)

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2023JD040254


Large Variability in Initiation frequency of Mesoscale convective systems 

in Observations and the 4 km Model

Prein et al. (2023)

MOAAP tobac ForTraCC TAMS PyFLEXTRKR TOOCAN
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ÅMCS initiation 

frequency largely 

varies between 

trackers

Å Some trackers result 

in many small MCSs 

while others have few 

large storms
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evaluation also 

heavily depends on 

the tracker

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2023JD040254


MCS precipitation 

contribution is also tracker 

sensitive but model biases 

are robust

MOAAP tobac ForTraCC TAMS PyFLEXTRKR TOOCAN
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Å The MCS contribution 

to the total 

precipitation is very 

sensitive to the 

tracker formulation

ÅHowever, model 

biases in this metric 

are more robust.

Prein et al. (2023)

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2023JD040254


MOAAP tobac ForTraCC TAMS PyFLEXTRKR TOOCAN

MCS Development-characteristics are Tracker Sensitive but Model 

Biases are Largely Insensitive
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Prein et al. (2023)

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2023JD040254


GPM IMERG v6
WRF 3 km

Test Simulation

GPM IMERG v6 is used 

as ground truth 

Freitas et al. 2020 (JoH)

Å IMERG v6 is able to 

capture precipitation 

rates compared to 

stations in Brazil

Å large overestimations 

of rainfall duration 

and underestimations 

of intensity

Convection in the Amazon Basin on a Typical Wet 

Season Day
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Simulation of Hourly Precipitation Frequencies

Period 2002-2019 at 

COOP station locations

4 km WRF simulations downscaling ERA5 over South 

America (June 2019 ïMay 2020) 

Dominguez et al. (2024)

https://journals.ametsoc.org/view/journals/bams/105/1/BAMS-D-22-0226.1.xml


Feng et al. (2024)

Mesoscale Convective Systems tracking Method 

Intercomparison (MCSMIP)

MCSMIP extends the South American Study to the Globe by 

evaluating the global  DYAMOND storm resolving models.

https://essopenarchive.org/users/532574/articles/1215683-mesoscale-convective-systems-tracking-method-intercomparison-mcsmip-application-to-dyamond-global-km-scale-simulations
https://mcsmip.github.io/


Outline

1.How to slice and dice a cloud?

2.How to track an MCS?

3.How to simulate MCSs in numerical Models?



[Prein et al.2021]

ǋx Sensitivity of Idealized MCSs

ȹx=250 mȹx=4 kmȹx=12 km



Simulation of Well Observed Mesoscale Convective 

Systems in the Southern Great Plains

12 km grid spacing 4 km grid spacing 125 m grid spacing

Prein et al. (2025)

Outgoing longwave radiation at:

30,000 times cheaper1,000,000 times cheaper

Which grid spacing is sufficient?



Heus and Jonker (2008)

Learning from LESs and ARM Observations
Amazon Basin on April 1 2014, 15 UTC

ɯx = 125 m
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ɯx = 1 km



Learning from LESs and ARM Observations
Amazon Basin on April 1 2014, 15 UTC

ɯx = 4 km

ɯx = 125 m

Stanford et al. (2020) 

show that the 

undermixing of updrafts 

at km-scales is difficult 

to improve.

Heus and Jonker (2008)



Learning from LESs and ARM Observations
Amazon Basin on April 1 2014, 15 UTC

ɯx = 1 km

ɯx = 250 m

Varbel et al. (2014)


