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MOTIVATION

- Clouds need to be 3-4km thick before we notice significant electrification. The
deeper the clouds the more electrification (lightning)

- Only cold clouds show significant electrification (ice is important)
- Electrification observed in clouds with strong updraft velocities;

- Recent research has indicated a strong correlation between total lighting data
(both in-cloud and cloud-to-ground) and severe weather such as hail and high
wind storms.
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LIGHTNING DATA
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Taking the Pulse of the Planet”

Ukrainian Total Ligh_tnin Network (UTLN), as a part of
ENTLN, installed in Ukraine is capable to detects the
components of both intra-cloud (IC) and cloud-to-ground
(CG) flashes, and algorithms use waveform shapes to
differentiate between the IC and CG pulses (i.e,
components) with a high efficiency and very precise
spatial detection (200 m).
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Format of lightning data
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LIGHTNING DATA
B it o+

\E\ _ Components of total lightning
| detection and Dangerous Thunderstorm Alert

(Charlie Liu, Chris Sloop and Stan Heckman, APPLICATION OF
LIGHTNING IN PREDICTING HIGH IMPACT WEATHER,
OBS/IMO/TECO-2014)

» A lightning cell is a cluster of flashes with a boundary as a polygon
determined by the flash density value for a given period. The po Y?On IS
calculated every minute with a six-minute data window. The cell tracks
and directions ¢an be determined b¥ correlatmﬁ]the cell polygons over a
period of time. By counting the tlashes in the cell, it is possible to
estimate the lightning flash rate (flashes/min). The cell speed and area
are also calculated. The flash data is streamed from a lightning manager
service to the cell tracker as soon as a flash is located. The cell tracker
keeps flashes in a moving time window of six minutes. Two gridding
processes are executed every minute, using a snapshot of the flash data
in that time window. The first gridding is on a coarse grid to quickl
locate areas of interest and the Second gridding is operated on a muc
finer grid using density functions to find the closed contours. Once a

Dangerous Thnderstom lightning cell is located and tracked, the total flash rates, including IC
I, and CG, are calculated. By monitoring the flash rates and the rate

) changes, the severe storm cells or the ones to potentially become severe,
can be identified. When a cell is identified and the total lightning rate

=  CcollTracke . jumps passing the threshold, a dangerous thunderstorm alert % TA)
i can be issued. The threshold of total lightning rate may vary in different
Saieran1s boes Pt ter re59|on5 or different type of storms. To simplify the study, a threshold of
Y pe— . 25 flashes/min was chosen. Combining the information from the cells,
C Rate T e such as the moving speed and direction and size of the cell, a warning
G Rate — area ahead of the storm cell can be determined. The cell may
—— 83 reenergize and repeat the process again and trigger more alerts. Depend
Speed 2.5 kph on severity of storms there are three levels:

e Lme - - level 1 ( flashes/min in lightning cell < 10);

AlertLevel I e O e  machii - level 2 (<10 flashes/min in lightning cell < 25);

02:50 PM 33 1 4.3 L H -

= = - = - DTA (flashes/min in lightning cell >25).
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* Recent research has indicated a strong correlation between total lighting data (both in-cloud and cloud-to-
ground) and severe weather such as hail and high wind storms.
storms have certain characteristics in lightning flashes, such as high in-cloud (IC) flash rates in the storm
formation stage. The greater volume of strong updrafts during a severe thunderstorm results in more
charging overall, leading to greater numbers of ICs and positive cloud-to-ground (CG) flash rates. The
detection of total lightning data, especially IC lightning, enables improvements in the lead time of severe

weather prediction and alerting. (APPLICATION OF LIGHTNING IN PREDICTING HIGH IMPACT

LIGHTNING DATA

WEATHER . Charlie Liu, Chris Sloop and Stan Heckman )
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LIGHTNING DATA

* We have collected lightning cells data from June to September 2017
over Ukraine > 30000 cases. B BT
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SATELLITE DATA
e Meteosat/SEVIRI RSS 5 min.

« Satellite products* (to monitor the severe clouds life-cycle) such as:
- brightness temperature (BT);  Day night

- cloud top height; Day night

- cloud effective radius (CER) of water, ice particles; Day

- cloud liquid/ice water path (CLWP, CIWP); Day

- cloud phase (CPH) and cloud optical thickness (COT). Day

* all products are parallax corrected.
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SATELLITE DATA

o Estimation of CTH and BT

The method is based on the brightness temperatures in infrared (IR) spectral region estimated from
satellite and complementary temperature vertical profiles. These profiles provided by simulations
performed by the mesoscale Weather Research Forecast (WRF) model. The algorithm of CTH retrieval

Cloud mask

1 Ancillary
, Data |
Cloud type
Cloud top WRF temp.
height - vertical profile
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SATELLITE DATA

Retrieval of Cloud Properties
The principle of methods to retrieve cloud physical properties (COT, CER,
CIWP) is that the reflectance of clouds at a non-absorbing wavelength in the
if;;gﬁ;;’f;” visible region (0.6 or 0.8 mm) is strongly related to the optical thickness and
0.6 and 1.6 mkm has very little dependence on particle size, whereas the reflectance of clouds
COT and RE are retioved man at an absorbing wavelength in the near-infrared region (1.6 or 3.8 mm) is
rolctances (06,1610 LUTS primarily related to particle size.
simulated reflectances for given The cloud liguid water path may be derived with the cloud optical thickness

COT and RE

and the droplet effective radius estimates using the following equation
[Stephens, 1978] , [Bennartz, 2007] LWP = 5/9*t*r*p (4) where p is the
density of liquid water. where p, is the density of liquid water.
The ice water path (IWP) can be derived by (Heymsfield, 2003)

1

IWP = (108%)/0.065

CER COT
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Cloud PHAZE

Adopted algorithm developed by W. Paul Menzel, Bryan A. Baum  Richard A. Frey  Kathy I. Strabala
( Cloud Thermodynamic Phase Retrievals Using MODIS Multispectral Data)

Cloud phase is inferred from measurements at 8.7 and 10.8 microns of MSG/SEVIRI
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Parallax correction of satellite data

Parallax is an apparent displacement of cloud location with
regard to the Earth’s surface in satellite imagery which results
from a non-zero viewing angle of the satellite. Parallax
depends on the height of the cloud top, its geographic location
high(18km]=30 km displacement as well as the position of the satellite.

low [3km] = 5 km displacement

IIII".I ] .- -_ -H||;”| Cloud

-""-"5':-":--""- Lo Cloud

T AR ':||:|I_J.::'i"-....__.__

Equatar

Parallax
Dizplacement

Parallax (P) and its eastward and northward components (Pe
and Pn) related to geodetic height (h) of the spot in cloud top
located at 48.507°N and 31.453°E for the MSG-9 (location
9.5°) satellite.
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RESULTS

Histogram of cloud top temperature
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RESULTS

Histogram of cloud top height
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RESULTS

Histogram of Cloud Liquid/lce Water

Path
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RESULTS

Histogram of cloud
thermodynamic phase
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LIGHTNING DATA

JZUKIIU
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Number of cases

LIGHTNING DATA

Number of cases
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1.

2.

3.

Summary

Our analysis shows that the changing of lightning severity leads to an increase of CTH

and to decrease of cloud BT, but not to significant chan mg In other cloud parameters

gor the cases when we consider successive changes in lightning activity an increase of
TH and a decrease of cloud BT is less).

Two peaks that is observed on histograms shows that severe lightning activity can
roduce small clouds, which size is less than satellite spatial resolution. |In order to
ave a reliable information of cloud parameters satellite data with higher spatial

resolution are needed.

Analysis of time between different levels of a flash rate(severit Ievel? shows that time
between levell and level 2 is much more that between level2 and level3. Temporal
resolution of satellite should be higher.
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Future work

* To use NWC SAF software to retrieve cloud parameters (microphysical);

 Analysis of different RGB images;

* To collect cases with severe weather over Ukraine;

* To collect lightning cells (area comparable with sratial resolution of satellite
data)

 Regression analysis, NN based on different parameters:

IC jJump, max CG+ amplitude, stroke current, CAPE, satellite cloud
parameters and other.
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Detection of severe storm by SEVIRI MSG
£ (enhanced IR108, RGB)

Lightning detection by ENTLN (Earth
- Networks Total Lightning Network)



