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Normally an article on lightning protection would focus on the 
protection of electrical equipment and systems. However, it 
is good to remind ourselves that lightning is a force of nature 

that also causes harm to people, animals and property. Furthermore, 
rural people who work outdoors tending the land or herding animals 
are particularly vulnerable to lightning strikes. Many rural houses are 
structurally too unsound to protect inhabitants adequately against 
lightning. In addition to those killed by lightning, there are no records 
of how many people are injured by lightning strikes, but there could 
potentially be a large number of rural people who are affected [1].

South Africa has a relatively high number of lightning fatalities. 
Reports in the lay press indicate that there were 84 lightning fatalities 
in South Africa between January 2009 and November 2010 [1], but 
it should be borne in mind that newspapers are not a reliable source 
of information since:
•	 Not	all	lightning	deaths	are	reported	in	the	newspapers
•	 Accounts	are	usually	anecdotal	and	are	not	based	on	any	kind	of	

forensic investigation

The basic physics of lightning

A very basic explanation of the physics of lightning is as follows:
•	 A	thundercloud	forms	when	positively	charged	icy	particles	are	

separated from negatively charged water droplets within a cloud;
•	 The	negative	charge	in	the	cloud	attracts	positive	charges	on	earth;
•	 They	attract	each	other	and	streams	of	charge	start	moving	to-

wards each other, the negative downward leader moving down 
from the cloud and the positive upward leader moving upwards 
from the earth;

•	 When	the	downward	and	upward	leaders	meet,	an	electric	current	
rushes from the cloud to the earth and we see a lightning flash.

Figure 1: The basic physics of lightning.

Mechanisms of lightning injury

There	are	currently	five	generally	accepted	mechanisms	of	lightning	
death and injury, namely, a direct strike, a touch voltage, a side 
flash, a step potential and upward streamers [2], [3], [4], [5], [6]. Each 
mechanism will be explained in some detail.

Direct strike

Death or injury due to a direct strike, graphically represented in Fig-
ure 2, occurs when a lightning stroke connects directly with a person. 
Due to the potential difference between the point where lightning 
strikes the person and his/her feet, current flows through the body 
into the earth. Although one might imagine that this would be the 
greatest cause, it only accounts for 3 - 5% of lightning injuries [2]. 

Figure 2: Direct strike.         Figure 3: Touch voltage.  Figure 4: Side flash.

Touch voltage

A touch voltage, as shown in Figure 3, occurs when a person is 
touching an object when it is struck by lightning, also called a touch 
potential or contact potential. If lightning strikes something like a tel-
ephone wire or an electrical conductor, a person can be injured even 
if the lightning strikes quite far away but s(he) is touching something 
connected to the point of strike, for example a landline telephone or 
an electrical appliance.

Side flash

A side flash can harm somebody standing close to an object that 
is struck by lightning. Part of the lightning flash will keep travelling 
down to the ground along that object, but part of it ‘jumps’ to the 
nearby person and travels to ground through the person, as shown 
in Figure 4.
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          Figure 5: Step potential.           Figure 6: Upward leaders.

  Step potential
When	lightning	strikes	an	object,	for	example	a	tree,	the	lightning	
current goes into the earth (see Figure 5). As the current spreads 
out through the earth, from a higher to a lower concentration of 
negative charge, it could happen that a person has one foot is 
standing in an area of higher charge than the other foot. If the 
person’s body constitutes a path with lower resistance than the 
ground,	the	lightning	will	travel	through	that	body.	This	also	hap-
pens to animals, for example cattle and sheep – with lightning 
current travelling through their bodies between their forelegs 
and hind legs.

Upward leaders

During thunderstorm conditions, upward leaders start to form 
from points on the ground, attracted by the opposing charge of 
the cloud. A lightning flash occurs when the downward leader and 
the upward leader connect and form a channel for the lightning 
discharge. An upward leader could form from a person’s body, 
typically from the top of the head of somebody standing upright.  
Even if the upward and downward leaders never connect to com-
plete a full lightning strike, the upward leader can be so strong 
that a person could still be hurt (see Figure 6).	This	happened	
during a football match in 1998 between Moroka Swallows and 
Jomo Cosmos in Johannesburg [4] - lightning struck nearby and 
several players were injured by upward leaders.

Conclusion

In South Africa, many people have limited literacy and it is a 
society with many different languages, so the information in any 
lightning campaign should be expressed as simply as possible. 
In this context, the following content is suggested for lightning 
awareness and education purposes:
•	 If	you	are	close	to	a	solid,	permanent	structure,	then…	‘when	

thunder roars, go indoors’. You are safer indoors than out-
doors. About the authors

•	 Remember	that	lightning	can	occur	at	the	edges	of	clouds,	so	do	
not wait until it starts raining before you take safety precautions.

•	 If	you	are	outdoors	or	if	the	only	shelters	are	flimsy	or	temporary,	
squat down or sit on the ground to keep your height as reduced 
as possible. Make your contact with the ground as small as pos-
sible, so do not lie down on the ground.

•	 Do	not	touch	metal	objects	like	electric	wires,	fences,	or	plugged-
in electrical appliances like a washing machine. 

•	 Do	not	take	a	bath	or	shower,	wash	dishes	or	wash	your	hands.
•	 Do	not	lie	down	on	the	ground.
•	 Do	not	talk	on	a	landline	telephone,	like	a	Telkom	phone.
•	 If	you	use	a	fire	for	cooking,	put	it	out.
•	 Do	not	stand	under	or	near	a	tree.	
•	 You	are	safe	in	a	car,	taxi	or	bus	as	long	as	you	keep	the	windows	

closed.
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