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TCWV from OLCI, SLSTR, SEVIRI, FCI 

and its relationship to CI
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TCWV and relation to convective initiation (CI)
German RealPEP project: exploiting satellite-based observations of the (heavy) precipitation-generating atmosphere

More specifically, we investigate the potential/added value of satellite observations of total column water vapor (TCWV) for improving 
nowcasting of convective initiation (CI). 

 Develop, process and evaluate new high resolution satellite-based TCWV products
 OLCI: spatial information 
 SEVIRI: temporal information
 Mimicking/preparing for MTG-FCI observations

 Assess TCWV spatio-temporal variabilities in pre-convective environments. 
 Determine suitable metrics for characterization/quantification of pre-convective environment
 Use proxy’s/features/predictors to translate information to CI probability (machine learning method?)
 By creating large match-up dataset: multiple TCWV datasets & Cloud/CI/RDT parameters

 Assess added value of new satellite-based TCWV product and CI information in/wrt radar-based QPN and NWP assimilation methods.
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OLCI TCWV examples
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OLCI TCWV examples
OLCI TCWV montly/weekly climatology
 based on obs from years 2016-2021
 cloud free areas
 morning time

OLCI TCWV anomaly =

 (TCWVpix/TCWVclim) * 100%
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Basic statistics (first/second orders)
 OLCI TCWV field: mean, std, percentiles (10, 50, 90)
 OLCI TCWV anomaly field: mean, std, percentiles (10, 50, 90)
 SEVIRI TCWV timeseries: mean, std, percentiles(10, 50, 90), jumps

Statistical approaches for analysis of image structures/texture: 
spatial auto-correlation and texture measures
 Semivariogram/structure functions  
 Local Morans I index
 Wavelet analysis
 Edge-enhancing filterin
 Gradient
 GLCM

How to observe/quantify CI in TCWV fields
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Spatial autocorrelation
Measures of contrast, homogeneity, correlation, orderliness...
 For varying pixel distances
 perpendicular/parallel to average BL wind direction 

(assymetry factor)

How to observe/quantify CI in TCWV fields
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NWCSAF SEVIRI convective cloud products
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NWCSAF SEVIRI convective cloud products
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NWCSAF SEVIRI convective cloud climatology

Based on NWC-SAF CI/RDT product using SEVIRI measurements in VIS/NIR/TIR + ERA5 parameters:

Convective cloud climatology for Germany  2016-2019 

#days, onset, duration, cyclus, track, location, type, sevirity, for different large-scale weather types 
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TCWV-based metrics: examples
Maps of OLCI and SEVIRI TCWV mean, 
std, percentiles etc.

for non-convective days and convective 
days (RDT), various start times and for 
each grid cell 
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Discriminatory potential/power
Which TCWV-based parameters/metrics have discriminatory potential/power
(pre-convective environment vs non-convective environment)

Distributions of TCWV-based metrics for:
 Germany: regions of 1 x 1 degrees
 Years 2016-2019, April-Sept
 Dominant morning clear-sky conditions
 All large-scale weather types
 All heights
 All convective cloud types
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Discriminatory potential/power

Spatial information
(wrt climatology)

Measure of Orderliness

Temporal information

Gradient 
perpendicular/parrallel
to BL wind direction
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From diagnostic to prognostic potential

 Characterize/quantify: Define probability as relative frequency of CI 
occurrence within a certain time frame, within a certain region
 period 2016-2019 April-September
 regions in Germany

 Dependence on: time of year/day, large-scale weather, local weather 
situation, topography..?
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Spatial information
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Towards a CI probability: examples
Play around with:
 Time of year
 Time of onset
 Large-scale weather
 Type of convection
 Elevation
 ...
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Summary

 Study of satellite-based CI detection

 Big match-up dataset, including newly processed TCWV observations

 challenges: higher resolution → more noise; 

 limitations: clear-sky + buffer, inland waters, morning time

 Statistical analysis: 

 dozens of metrics based on spatial/temporal variabilities

 varying distributions for (non-) convective environments

 First straight-forward frequency based probability
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Outlook

 Study on satellite-based CI detection

 Extend match-up dataset until year 2022, use new NWCSAF software version cloud products

 Tie observed CI to future RDT

 Machine learning method to select best CI proxy’s/predictors and produce a probability

 Preparations for future MTG-FCI TCWV retrievals

 Tests with simulation data of MTG-FCI

 Preparing for first real data in 2023

 Include in-cloud CI detection and relation to (heavy) precipitation 
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Thank you!
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