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Key Questions

* Where and why does inter-annual lightning variability exist?

* Relations to normal environmental cycles?
* Why here and not there?
* Patterns vs outliers

* Can environmental data be used to explain the observed
lightning patterns?
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Plan and Approach

1. Identify locations with inter-annual lightning variability
using TRMM LIS

» TRMM LIS study area + 38° from April 1998 to March 2014

2. Describe and quantify the lightning activity at those
locations

3. Compare lightning and environmental patterns




oy e B B v Py
Study Data

* Low Resolution Time Series (LRTS) from the “Gridded
Lightning Climatology from TRMM LIS and OTD”

e Seasonally smoothed lightning time series

* Model reanalysis data from the NCEP/NCAR 40 Year
Reanalysis Project

* Precipitation data from the TRMM Multi-Satellite
Precipitation Analysis (TMPA) 3B42 dataset

* Oceanic Nifio Index (ONTI)




El-Nino/Southern Oscillation
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Methods

* Locations:
* Mean Flash Density = 3 Flkm™* Yr™*
e Size > 10° X 10° = 1,000,000 km*
 Spatiotemporal continuity of lightning pattern

* Describe and Quantify:
* Anomalous years
» Large/minimal inter-annual variability
« ENSO phase sensitivity
* Magnitudes

* Compare
* Model patterns and lightning patterns over time
* Relationship of atmospheric variables and lightning
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5° “Pixel” Time Series

5° Box Centered on 35°N, 112.5°W
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5° “Pixel” Time Series

5° Box Centered on 35°N, 112.5°W
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ENSO Index vs Seasonal nghtnlng

2019




VIS Annual vieeting A. - anuary /,

Cold Phase Flash Den5|ty Anomalies
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Warm Phase Flash Density Anomalies
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Potentlal ENSO Connectlons
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Potentlal ENSO Connections

Potential Warm Phase Lightning Enhancement
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Anomalous Lightning Enhancement in 2000
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Seasonal 850hPa Height Correlations

|
2019

Correlation to ENSO Index
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Seasonal 850hPa Height Correlations

Correlation to Seasonal Lightning Activity
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Mean seasonally
averaged
lightning pattern
with seasonal
wind and 850hPa
height anomalies

on August 15,
when lightning

activity in central

Africa (red box)
peaks.

Cold Phase (Left) vs Warm Phase (Right) for Africa on August 15
Seasonal 850hPa Height Anomaly (shaded), Lightning (contours), and 850hPa Wind Anomaly {vectors)
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Mean seasonally
averaged
lightning pattern
with seasonal
wind and
850hPa height

anomalies on

January 1%,

when lightning
activity in
southeastern

Africa (blue box)
peaks.

Cold Phase (Left) vs Warm Phase (Right) for Africa on January 1
Seasonal 850hPa Height Anomaly (shaded), Lightning (contours), and 850hPa Wind Anomaly (vectors)




Conclusions

e [dentified 20 locations

* Lightning at some locations is affected by ENSO phase
* Large variability and anomalies do exist independent of ENSO

* Largest observed seasonal lightning departures occurred with
warm phase ENSO events and anomalous years®

» Argentina and Central Africa = 8 Flkm™* Yr~! from mean
» All anomalous years > 8 Flkm™* Yr~! from mean

* ENSO phase affects the position of some large scale
circulations, causing wind and pressure patterns to change

* In Africa, this takes the form of the Indian Ocean High and the ITCZ

25
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Future Work

* Expand study period using OTD and ISS LIS to incorporate
more years and more of the subtropics

» Test the sensitivity of the ENSO patterns to ENSO Year
starting month

* Produce weighted average ENSO Years based on phase
magnitude

* Average cold years down to reduce bias

* Incorporate geostationary and ground network lightning
records

26
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Thank you! Questions?

Austin Clark
austin.clark@uah.edu

2



	Inter-Annual Variability of �Tropical and Subtropical Lightning�Production from TRMM LIS:�Locations, Magnitudes, and Mechanisms
	Key Questions
	Plan and Approach
	Study Data
	El-Niño/Southern Oscillation
	Methods
	5° “Pixel” Time Series
	5° “Pixel” Time Series
	5° “Pixel” Time Series
	5° “Pixel” Time Series
	Mean Flash Climatology
	Mean Flash Climatology
	ENSO Index vs Seasonal Lightning
	Cold Phase Flash Density Anomalies
	Slide Number 15
	Potential ENSO Connections
	Potential ENSO Connections
	Anomalous Years
	Non-ENSO Related Patterns
	Highlighted Areas
	Seasonal 850hPa Height Correlations
	Seasonal 850hPa Height Correlations
	Slide Number 23
	Slide Number 24
	Conclusions
	Future Work
	References
	Acknowledgements
	Thank you! Questions?

