
/ APPLICATION NOTE

Nowcasting Empowered with Real-Time  
Total Lightning

METEOROLOGY

Adding real-time total lightning to the severe weather data set improves nowcasting and severe 
storm warning by providing faster and more accurate identification of thunderstorm development, 
intensity, and dissipation.

Total Lightning Activity  
in Thunderstorms
Total lightning is the combination of 
all forms of cloud (CLD) and cloud-
to-ground (CG) lightning produced 
by a thunderstorm. The internal 
electrical activity of thunderclouds 
can develop very rapidly after the 
initial onset of convection. Strong 
updrafts and significant density 
of hydrometeors in the mixed-
phase regions of the cloud produce 
an electric charge separation 
process that occurs between the 
intermediate and upper layers of 
the cloud. Lightning is an electric 
discharge mechanism compensating 
the convective electrification of  
the thundercloud. 

Lightning amplitude and activity 
phase correlate closely with the 
intensity and development phase 
of the storm cell. CLD lightning rate 
increases with storm development, 
culminates when the thundercloud 
reaches its maximum vertical 
extension and intensity, and can 
rapidly decrease when the storm cell 
approaches the downburst/decay 
phase. 

Total lightning is a good operational 
indicator of severe weather due to 
its rapid responsiveness to storm 
dynamics, its correlation to storm 
intensity, and its occurrence at a 
high and typically continuous rate. 

More than 40 national 
hydrometeorological agencies 
rely on Vaisala lightning detection 
networks to serve their nowcasting 
and forecasting needs. Existing and 
new meteorological users now have 
a unique tool, Vaisala Thunderstorm 
Information System, for enhancing 
their weather nowcasting solutions 
with the seamless combination of 
modular low frequency (LF) and 
very high frequency (VHF) lightning 
detection technologies for complete 
monitoring of thunderstorm lightning 
activity.



Correlations have been observed 
between total lightning rates and 
other storm characteristics such as 
cloud top height, cloud water mass, 
as well as surface manifestations 
of vigorous convection such as 
microbursts, heavy precipitation, 
and large hail. 

Such manifestations may occur 
minutes after the maximum CLD 
lightning rate, with intensity of these 
convective manifestations coupled 
to the total and CLD lightning spatial 
density and rate.

Total lightning characteristics in 
severe storms can be highlighted as 
follows: 

•	 Total	lightning	activity	is	
dominated by one to two orders of 
magnitude by CLD flashes 

•	 Total	flash	rate	in	most	severe	
weather is extraordinarily high 
(more than 1 flash / second) and 
can provide continuous monitoring 
of the thunderstorm most active 
areas 

•	 CLD	activity	may	occur	ten	
minutes or more in advance of the 
first CG flash. 

•	 Total	flash	rate	is	closely	coupled	
to the storm cell’s intensity, 

•	 Fast	changes	in	total	flash	rate	
anticipate the onset of severe 
weather on ground. 

Operational Benefits  
of Total Lightning 
Detection
Total lightning detection provides 
operational benefits which enhance 
warnings and decision-making 
capabilities of observation and 
nowcasting systems. Proven 
operational benefits have been 
recognized in the following fields: 

•	 Early	identification	of	
thunderstorm cells 

•	 Comprehensive	mapping	of	active	
thunderstorm areas 

•	 Improved	tracking	and	timely	
monitoring of storm cells path and 
intensity 

•	 Earlier	issuance	of	severe	storm	
warnings 

•	 Timely	and	more	reliable	warnings	
of lightning ground strike hazard 

•	 Improved	lead	time	and	reliability	
of warnings for severe storm 
related phenomena (tornadoes, 
damaging winds, hail) 

Vaisala Thunderstorm Information 
System integrates modular VHF and 
LF lightning sensing technology with 
central processing and application 
software.



•	 Augmented	nowcasting	capability	
for thunderstorm induced flash 
flooding 

•	 Improvements	in	information	
provided to aviation activities on 
hazardous convective weather 
conditions 

Moreover, lightning data is available 
in seconds – a much faster rate than 
other observation means such as 
radar and satellite – and provides 
valuable tracking of individual 
convective cells in area prone to 
radar blockage. 

Further nowcasting applications 
can be obtained through integration 
of total lightning data and weather 
radar information. The two types 
of data provide complementary 
information on cell characteristics, 
which enable a better real-
time description of the stage of 
development and intensity of each 
thunderstorm cell. 

Combining these complementary 
data sets enables tailored application 
solutions such as: 

•	 Lightning	hazard	early	warning	for	
electric power industry, industrial 
and commercial activities, and 
recreation areas 

•	 Hazardous	storm	identification	by	
air traffic management and airport 
operations for en-route aircraft 
and terminal areas 

•	 Early	identification	of	high	
precipitation potential cells for 
hydrology and flash flood warning 

Total Lightning Density

Cell Nowcasting

Storm Cell Identification 
and Nowcasting
Real-time monitoring of total 
lightning density provides continuous 
and timely information for mapping 

and tracking of thunderstorm cells, 
identification of severe areas, and 
nowcasting of cells evolution.
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CG and Cloud Lightning 
Information
High efficiency total lightning 
detection provides the full picture 
of thunderstorm electrical activity. 
In the image above, CLD lightning in 
red spreads significantly outside of 
the CG lightning areas in black.

Total Lightning DensityRadar Reflectivity Integrated Data

Data Fusion for Enhanced 
Nowcasting
Enhanced storm cell identification 
with the fusion of weather radar and 

total lightning density; the yellow 
coded areas are indicative of strong 
convective activity, the red coded 
areas of intense precipitation; cells 

in different phases of development, 
from	growth	(A)	to	decay	(D),	
can be monitored by the two 
complementary data sets.
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