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Precipitation 
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Overall identification criteria:
- 235 K cloud temperature 

threshold  

- 235 K areas have an embedded 
219 K area(s) >= 4,000 km2

- Contour shape (independent of 
satellite grid) Núñez Ocasio et al. 2020a
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Precipitation 
assignment  

Classification

Tracking 

Identification  

Núñez Ocasio et al. 2020a

Overall tracking steps:
- Cloud areas of the current 

image are compared to all the 
CEs from the next two available 
images

- Overlap method and cloud 
projection in the x direction

- MCS family
- Recalling/recursive 

function
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Precipitation 
assignment  

Classification

Tracking 

Identification  

Area-overlapping technique with 
no projection underestimates the 
real propagation speed of MCSs
over Africa 
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• User-friendly, open-source,  & publicly available 

• Install with pip or conda/mamba 

• Conda environment recommended

• Grid-independent identification and tracking 
(satellite and model data)

• TAMS is also able to assign rain (or any other 
variable) to each object (cloud element or MCS)

• Output format: GeoPandas GeoDataFrame

TAMS (v2.0): Package & Website 

Núñez Ocasio and Moon 2023 (in prep)
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Motivation

• 90% of Sahelian rainfall events 
produced by MCSs 

• MCSs over Africa are intrinsically 
related to AEW growth and 
propagation

• MCSs are modulated by AEWs that 
become tropical cyclones 
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Dataset of
AEW-MCS 
systems 

Brammer et al. 2018

Núñez Ocasio et al. 2020a

African Easterly Waves-MCS Systems & 
TC Genesis
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MCSs of Developing AEWs independent of the zonal phasing 
(longitude), are latitudinally in phase with the AEW trough 

Y

X

Developing AEW-MCS systems𝑡𝑡1 Non-developing AEW-MCS systems

Núñez Ocasio et al. 2020b

African Easterly Waves-MCS Systems & 
TC Genesis



knocasio@ucar.eduknocasio@ucar.edu

DAEWs have a larger fraction of organized
MCSs over Central and West than NDAEWs

Núñez Ocasio et al. 2020b
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NASA 
Convective Processes Experiment – Cabo Verde
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Mechanisms proposed that support & initiate 
Nocturnal Offshore Convection   

• Similar results for Borneo (Houze et al. 1981)

• Similar low-level convergence has also been found over South 
China (Park et al. 2011) and East Asia (Ohsawa et al. 2001)

1) Low-level convergence, resulting from the interaction 
of the land breeze and background low-level westerlies

Figures from Bai et al. 2021

2) Gravity waves forced by the heat source of the 
diurnal mixed layer (Mapes 2003a,b) 

Map from  Akpo 2022
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• Recent work by Peatman et. al 2023 suggests that both gravity waves and 
land breeze can be responsible for offshore propagation 

• Gravity waves mainly triggered isolated rainfall 

• Offshore-propagating density currents (either due to the land breeze and/ 
or cold pools). The motion of this offshore density current coincides with 
the squall line propagating offshore.

• They highlight the fact that even with high-resolution modeling it is difficult 
to distinguish between land breeze and cold pools

Figure from Peatman et al. 2023

Mechanisms proposed that support & initiate 
Nocturnal Offshore Convection   
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RF9: Evolution & Observations of Nocturnal 
Offshore Convection

Núñez Ocasio et al. 2023 (in prep)
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Initiation 2022-09-20 16:00:00 UTC

Geo center 
crosses over

2022-09-22 05:00:00 UTC 

Termination 2022-09-22 13:00:00 UTC

Duration 45 hours 
Classification Mesoscale Convective 

Complex

RF9: Evolution & Observations of Nocturnal 
Offshore Convection

Núñez Ocasio et al. 2023 (in prep)
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RF9: Night of September 21st, 2022 

Reanalysis evidence of both LB (propagating offshore with a maximum at 2022-09-21 22:00 UTC and WAM  retracting 
from coast

Núñez Ocasio et al. 2023 (in prep)
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• West African Monsoon and Land Breeze Observation

RF9: Evolution and Observations of Nocturnal Offshore 
Convection

Observational evidence via dropsonde observations of 
both LB and WAM 

Offshore winds indicate 
presence of density current due 
to Land Breeze and/or cold pool

Active WAM

Núñez Ocasio et al. 2023 (in prep)
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Research Flight 9: The role of the AEW 

• Temporary separation of MCS from AEW close to the coast and decrease in propagating speed of the MCS 
relative to wave indicate a change from AEW-supported propagation to offshore-supported propagation due to 
coastal mechanisms (density current form LB and/or cold pool)

• MCS speed and position relative to wave are significantly different across developing and non-developing 
systems (Núñez Ocasio et. al 2020)

Núñez Ocasio et al. 2023 (in prep)
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A Multi-MCS-Tracking Intercomparison Study for MCSs 
over South America 

PyFLEXTRKRForTraCCtobacMOAAP

The evaluation of simulated MCS characteristics is less impacted by
the tracker formulation and all trackers agree that the kilometer-
scale model can capture MCS characteristics well across different
South American climate zones.

MCS frequency differences can be large and vary in sign in many
regions.

Prein et al. 2023 (in review)
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PyFLEXTRKRForTraCCtobacMOAAP

• Applying different trackers results in a wide 
range of MCS to total precipitation fractions 
with PyFLEXTRKR showing the largest 
contributions and TOOCAN and ForTraCC 
showing the smallest. 

• There is also an agreement among trackers that 
the simulations are underestimating the 
fraction of precipitation from MCSs over large 
parts of the study region.

Prein et al. 2023 (in review)
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Summary 

• TAMS is a grid-independent and open-source tracker that have been use to study AEW-
MCS interactions as it considers shear propagation (TAMS is grid independent and is an 
open source tool)

• African Easterly Wave and Tropical cyclogeneses

• WAM-LB mechanism: Over western Africa this mechanism can support and maintain 
offshore convection, observational evidence and reanalysis does not support convective 
initiation from it

• MCS Intercomparison Study: The tracker formulation has substantial impacts on MCS 
characteristics such as frequency, size, duration, and MCS contribution to total 
precipitation 

knubez
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MPAS DATA:  15-km horizontal grid global 
simulations post-processed  
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Moisture Sensitivity of MCSs over Tropical Africa 
and Eastern Atlantic  

▪ Initialization at 1200 UTC September 8, 2006: ERA5
▪ Limited area MPAS with a 15-3km variable mesh, 55 vertical levels, explicitly 

resolved deep convection  
▪ Four moisture-sensitivity experiments altering initial and hourly lateral boundary RH 

at each pressure level 
1. CONTROL
2. MOIST: 20%
3. Dry: 50% 
4. Dry: 80%Núñez Ocasio et al. 2023 (in review)
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EXTRA SLIDES 
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TAMS’s Developers 

knocasio@ucar.edu

knubez

@KNubez

Install TAMS today!

https://tams.readthedocs.io/en/latest/

https://github.com/knubez/TAMS
zachary.moon@noaa.gov

zmoon

@zmoon92

https://tams.readthedocs.io/en/latest/
https://github.com/knubez/TAMS
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