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CONVECTION OBSERVATIONS FROM SPACE



EXAMPLE OF CONVECTIVE SYSTEM HIT BY EARTHCARE CPR 



Overshooting top 
at 16 km

Strong 
multiple 
scattering 

Radar reflectivity

Doppler velocity

EARTHCARE and GEOSTATIONARY OBSERVATIONS OF DEEP CONVECTION 

EC overpass

Stratiform 
region

Convective 
region

• High variability in Doppler velocity is typical of strong 
convective cores, often leading to velocity aliasing and 
values exceeding the expected stratiform range of −2 to 3 
m/s.

• The lack of reliable boundary conditions makes Doppler 
velocity unfolding highly challenging, as multiple valid 
solutions may exist.
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EarthCARE overpass at 13:29 UTC
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Dynamic criteria (under evaluation)

Morphological criteria

(Takahashi et al. 2014), based on 
reflectivity features:
• Continuous echo profile 2-10 km 

above surface
• 10 dBZ level above 10 km

based on EarthCARE CPR Doppler 
velocity.

The criterion can be tuned to account for 
different convection strength
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GLOBAL STATISTICS OF CONVECTIVE PROFILES 

Dynamic criteriaMorphological criteria

(Takahashi et al. 2014), based on 
reflectivity features:
• Continuous echo profile 2-10 km 

above surface
• 10 dBZ level above 10 km

based on EarthCARE CPR Doppler 
velocity:
• Doppler velocity foldings in ice >=2
• Doppler velocity pixels exceeding [-

2,3] m/s in ice >=10

Percentage of convective profiles over the total number of profiles within a 5° x 5° grid pixel



VERTICAL STRUCTURE OF CONVECTION
The classification of convective profiles is based on the dynamic criteria set on Doppler velocity. The objective is 
to characterise the different convective vertical structures, according to different convective areas on Earth.

10° x 10° boxes

Liu, C., E. J. Zipser, and S. W. Nesbitt, 2007: Global 

Distribution of Tropical Deep Convection: Different 

Perspectives from TRMM Infrared and Radar 

Data. J. Climate, 20, 489–

503, https://doi.org/10.1175/JCLI4023.1.
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VERTICAL STRUCTURE OF CONVECTION
Due to sampling issues, the number of profiles may not be representative of the statistical behaviour of the 
convective cores over the different regions. 

After normalizing foldings by 
the ice fraction of the 
convective profile, Argentina 
shows much greater Doppler-
velocity variability, indicating 
stronger and more vigorous 
convection there.



VERTICAL STRUCTURE OF CONVECTION
These plots represent 1-CDF of the convective proxies over the different regions, per profile.
The objective is to focus on the high percentiles: the deep convective profiles. 

As before, even if the statistics is not very 
robust, Argentina exhibits more vigorous 
convective cores even if they are less deep, 
with respect to the other regions.



CONVECTIVE CORES CLUSTERING METHODOLOGY

This study is still work in progress.

• Clustering is done on the std of the 
Doppler velocity

• The objective is a global statistics 
of the concective cores, based on 
the metric of foldings proposed 
before.



CONCLUSION AND FUTURE WORK
• Doppler velocity in convection is challenging to resolve with EarthCARE CPR, mainly because 

of the low Nyquist velocity.

• Comparison and synergistic use of radar and geostationary passive sensors to characterise 

convection is challenging due to spatial and temporal resolution.

• Variability in Doppler velocity—quantified by the number of foldings and the occurrence of high-

velocity pixels—is a useful proxy for identifying convection. The criteria is still under refinement, 

robust validation dataset are needed

• These criteria can be applied to assess the different vertical structures of convection in regions 

where intense convection is expected.

• Work in progress: expand the dataset over time and focus the analysis directly on convective 

cores rather than on convective profiles.



Thank you for 
your attention!
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