
64 Lightning on the Matterhorn. Reproduced from 'Scrambles amongst the Alps'
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Alpine thunderstorms
Colin Taylor

As F. S. Smythe remarks at the beginning of his account of a storm on the
Schreckhorn: 1

'To be caught in a thunderstorm on a high mountain is an impressive and
terrifying experience ... the mountaineer in the focus of a thunderstorm
on an Alpine peak experiences a feeling of complete helplessness and a
very near danger'.

The following extracts from a description by Tuckett2 of storms on the Roche
Melon in the Vanoise give a good impression of a thunderstorm at close quarters.
A preliminary hail storm surprised the party near the summit chapel and light
ning was preceded by intense ionisation to be discussed later:

'It was as though we were in a vast nest of excited snakes, or a battery of
frying pans, or listening at a short distance to the sustained note of a band
of cicadas. in a chestnut wood. Suddenly it burst out with an energy that
suggested an imminent explosion or some equally unpleasant denouement
and, dropping my axe to whose performance I had been listening, I fairly
bolted for the chapel'.

After descending 2000 ft the party was caught by a second furious storm again
just beside another chapel in which they took shelter:

'Then there were some 4 really awful flashes followed all but instantaneous
ly by sharp crackling thunder which sounded like a volley of bullets against
a metal target, then a fifth with a slightly increased interval between it and
the report. I was just remarking to Christian (Lauener) that I thought the
worst had passed. If someone had struck me from behind with a sledge
hammer or if we had been in the interior of a gigantic percussion shell which
an external blow had suddenly exploded, I fancy the sensation might have
resembled that which I for the first instance experienced. We were blinded,
deafened, smothered and struck all in a breath. The place seemed filled with
fire, our ears rang with the report, fragments of what looked like incandes
cent matter rained down upon us as though a meteorite had burst, and a
suffocating sulphurous odour-probably due to the sudden production of
ozone in large quantities-almost choked us. For an instant we reeled as
though stunned and each sprang to his feet and instinctively made for the
door. What my companion's ideas were I cannot tell; mine were few and
simple-I had been struck, or was being struck, or both; the roof would be
down upon us in another moment; inside was death, outside our only safety.
The door opened inwards and our rush delayed our escape'.

1 'Climbs and Ski Runs' F. S. Smythe (Blackwood, 1931).

2 AJ 7 191
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The iron cross outside the chapel had been directly struck, and as a chapel the
building was a total ruin.

In his article, Smythe goes on to remark that the number of deaths directly
attributable to lightning in the Alps is fairly small. Although I have not been
able to obtain any figures, I would guess at something like a dozen deaths a
season from lightning strikes. This guess is based on newspaper reports I have
seen over the years in different parts of the Alps. Sooner or later most moun
taineers will find themselves inescapably committed to a rock ridge, perhaps to
finishing some difficUlt route on the summit of a high peak with storm clouds
gathering. What can such a party do to reduce the chance of being struck by
lightning if the storm breaks? There are subsidiary questions such as when is a
lightning strike imminent and what should be done with axes, crampons and
other sharply-pointed equipment. Alvin E. Peterson, an American electrical
engineer at the Bureau of Standards, wrote an article in the 1962 'AA]' to
suggest some answers to questions such as these (a French version of this
article was published in 'La Montagne' of February, 1967). Many British moun
taineers will be unfamiliar with Peterson's original article which I think con
tained some valuable advice. In this article I shall try to give a simplified but
reasonably accurate description of the lightning process and its effects in alpine
surroundings. I must stress that my own knowledge of the physics of lightning
is in no way specialised but is based on the references given below. Although
I have been fortunate enough to come through a few storms, the effectiveness
of the advice below remains something of an open question.

Thunderstorms and lightning

To those interested in a more detailed and authoritative description than the
simplified one below, I would recommend the original book by Sir Basil
Schonland3 and more recent books by Uman4 and Golde. 5

On a hot day warm air, particularly in the vicinity of an alpine range, rises to
be replaced by colder air. As the warm moist air rises, it cools and the water
vapour condenses out at first as water droplets and higher as ice crystals. These
droplets and crystals form the cloud we see. The interaction of gravity forces
due to the air rising at speeds from 35 to 100 km/hour and of the temperature
gradient due to the latent heat released by the formation of the droplets and
crystals then results in one or more cells of highly turbulent circulating air flow,
roughly indicated by more or less separate clouds. This turbulence is felt by
anyone flying close to a thundercloud. If the warm air is dry rather than moist
then there is no condensation and we have clear air turbulence. The huge charac
teristically anvil-shaped thunderclouds may have a thickness of up to 10 km
with bases at heights of about 2.5 km. Such clouds will take from one to 4
hours to build up and will travel horizontally at speeds from 20 to 50 km/hour.

3 'The Flight of Thunderbolts' by B. S. Schonland (OUP 1964 2nd edition).

4 'Lightning' by M. A. Uman (McGraw-Hill, 1969).

5 'Lightning Protection' by R. H. Golde (Edward Arnold, 1973).
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A thunderstorm can also be generated when a cold front advances on a mass of
warm, moist and therefore less dense air. Then the storm clouds may extend
over tens of kilometres, forming many cloud cells.

As the water droplets and ice crystals coalesce inside the cloud into rain drops
and hail, a separation of electric charge takes place inside the cloud cell by
processes for which there does not seem to exist a fully accepted explanation.
Usually the base of the cloud carries an overall negative charge and the upper
part of the cloud the balancing positive charge. The negative base charge induces
an equal positive charge on the ground giving a potential difference of up to a
thousand million volts (l09 V) between cloud and ground. Lightning is the
transient, high current electric discharge which cancels the potential difference
within a cloud, between cloud and ground, or between two clouds. Although
the cloud-cloud discharge, which may be visible as sheet lightning generally
illuminating the cloud, is more frequent, it is the cloud-ground discharge which
produces the dramatic forked lightning stroke which is most easy to study.
Both forms of lightning can affect the climber, since the summit of a major
alpine peak will be above the base of a typical thundercloud.

Each cloud cell has a lifetime of some 30 minutes during which electric charge
is generated and lightning released. So an afternoon alpine storm with only one
or 2 cells will tend to be short, lasting only half an hour or so, while a storm
due to a front containing many cells activated at different times may last for
several hours. However, as the basic process continues to operate, one afternoon
storm may well be followed by a second and a third.

65 Lightning in the laboratory. NPL (Crown copyright reserved)
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The fine detail of the lightning process is still a subject of research and discus
sion, to which the books by Uman and Golde contain references. Under normal
conditions air is a very poor conductor of electricity. If, as a laboratory experi
ment, a potential difference is applied across 2 parallel plates separated by an
air gap and gradually increased, then eventually the air will break down and
conduct an electric current. Under the intense electric field the normally
neutral air molecules break up into free electrons and positive ions. First lumi
nous pulses propagate from one plate to the other until finally the ionisation
is increased to a point at which a spark leaps across the air gap, neu tralising
the charges on the plates. If one of the two plates carries a spike, then just
before breakdown the ions stream intensely from the point of the spike with
an audible hissing noise. In the dark this ionisation current glows faintly blue.
Although some of the detailed physics is still obscure, lighning seems to be
the result of a similar process. As the charge separation continues in the cloud,
the potential difference between cloud and ground increases until ionisation
begins to take place from the ground. The ions drift with the wind, forming
pockets of positive charge between cloud and ground. Although ionisation
currents streaming from sharp points are harmless in themselves, when they
become intense enough to be audible as a hissing noise or, at night, visible as a
blue glow, they provide warning of an imminent lightning strike. In open
country a faintly luminous discharge begins·to move down from the cloud in
zig-zags of from 20 to 50 m in length possibly with branches at each change of
direction at a speed not very much below that of light. When the stepped leader,
as it is called, is some 50 m from ground, the electric field is intense enough
to induce an upward rising streamer of positive ions from some point on the
ground. When this streamer meets the stepped leader the electric circuit is
complete and a very luminous return stroke earths the cloud base by passing
an electric current of thousands of amps for a few microseconds. If the cloud
is still sufficiently charged up, the process may be repeated several times along
the same path. A lightning strike consists of on average 3 to 4 strokes and the
whole process takes something like 2 tenths of a second, so special cameras
with rotating lenses have been developed to record it photographically. The
cloud will take about a minute usually to re-charge itself, when the process can
be repeated.

.In the mountains many of the discharges seem to proceed by a stepped leader
branching upwards from a prominent feature such as a rock summit or a large
gendarme towards the cloud. The subsequent process is·, however, much the
same as above.

Lightning effects

As each return stroke carries about 5 coulombs, a lightning strike transports .
on average 20 to 25 coulombs of electric charge. This quantity of charge across
a potential difference of 250 volts will light up a 100 watt bulb for about 50
seconds. Before a lightning strike the potential.difference is about 108 volts
so the energy released is of the order of a thousand million (109

) Joules. An
idea of the effect of the almost instantaneous release of this quantity of energy
can be obtained by looking at the Madonna on the Petit Dru or the Cross on

176



ALPINE THUNDERSTORMS

the Geant for example. In both, several different lightning strikes have punched
holes up to a few centimetres across by simply vaporising the metal at the
point of contact. A lightning strike to rock produces intense heating of the
surface with formation of fulgurites. These are beads and bubbles of pure
natural glass into which the rock has been vitrified. The surface of the rock
appears to have been splashed over an area of a few square centimetres with
drops of pitch-black or greyish-white liquid. An early article by Heim6 refers to

fulgurites found close to the summits of the Schreckhorn, Finsteraarhorn, and
several other Oberland peaks as well other peaks in the Semina and Valais.

Most of the energy released by each return stroke heats up the air in the strike
channel for a few milliseconds to a temperature of some 25,000oC, This is the
cause of the brilliant flash characteristic of cloud to ground lightning. Some
times the flicker in the flash due to the separate return strokes at 40 milli
second intervals is detectable by eye. The temperature rise causes a rapid ex
pansion of the air in the channel in the form of a supersonic shock wave (press
ure wave). This shock wave is rapidly attenuated and generates the thunder
roll which has a duration roughly equal to the difference in time for pressure
waves from each end of the strike channel to reach the observer. The light
flash travels at the speed of light and the sound waves travel at some 330 m/sec.
The time in seconds from flash to thunder, divided by 3, then gives a rough
estimate of the distance from the point of impact of the lightning strike to the
observer in km (for the distance in miles divide the time in seconds by 5).
Usually thunder from storms more than 10 km away is only faintly audible.
Calculations based on the temperature gradient and the wind variation near a
large storm cloud suggest that all sound waves are refracted gradually upwards.
Mountain ridges can accentuate this refraction effect and many alpinists will
have seen sheet lightning across a~ intervening ridge without hearing even
faintly the accompanying thunder.

Close to the centre of the return stroke channel the expansion of air is suffi
ciently rapid to raise the pressure in a small cavity up to 70 atmospheres and
any water vapour almost instantaneously becomes superheated steam. Near the
point of impact trees and rocks literally explode and a trench of 18 to 20 m
can be blasted in grassy ground. From the impact point the transported charge
flows to earth as a current of thousands of amperes for a few milliseconds,
usually along the surface, following lines of low electrical resistance such as
flowing water, telepherique cables and human bodies if present. In the moun
tains the current may have to travel several km before being distributed in the
body of the earth.

A human body can be subjected to a direct lightning strike, to a side flash
when the body provides a path of lower electrical resistance as in the case of
someone standing close to a tree directly struck, or to the voltage gradient
on the ground away from the point of a direct impact. The main effects are
the failure of the respiratory system, particularly if there is a side-flash to the
head, and disturbance of the heart rhythm. Possible side effects are loss of

6 Heim,'Jahrbuch des Schweizer Alpenclub,' XXI 1885-6.
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consciousness, loss of memory, temporary paralysis lasting for up to a few
hours, burns, temporary blindness, and ruptured eardrums. (Although treatment
on the mountain will not be easy, the most important effect to deal with is
the stoppage of breathing using mouth to mouth breathing and heart massage
for long periods if necessary.) There is also the possibility of a fall following a
shock, injury from falling rocks split by the strike, quite apart from the dangers
attending the subsequent descent in a debilitated state. Writing in the 1966
'Rucksack Journal', Robert E. Davies described a strike during a bivouac just
below the summit of the Grand Teton:

'When Wes recovered consciousness the (bivouac) bag was full of smoke,
sulphurous fumes, and the smell of burning hair. I was still unconscious and
remained so for 3 or 4 minutes. I was convulsing, had my eyes closed, and
was gnashing my teeth. This subsided rapidly ... We had slid down the
ledge until our feet were sticking out over a steep drop which led for 7000
ft down to the valley. I was unable to climb back because my right arm
was completely paralysed but was able to put my good arm round Wes's
collar and pull myself back up on to the ledge again'.

After a difficult descent during which he suffered for a time with peripheral
vision only, Davies counted 40 separate burns on himself. There have been
other cases where a party has been left so exhausted as to be unable to abseil
without help. The danger of a fall following a shock is obvious. Smythe (op cit)
tells how he found himself hanging from his belay rope on the Schreckhorn
after a strike.

6611 Gallo (this topmost block disappeared during the 1920s, probably due to a lightning
strike). Photo: AC collection
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The onset of the storm

Under laboratory conditions the ionisation current induced by a gradually in
creasing voltage between parallel plates is audible just before breakdown as a
hissing noise, and visible as a faintly luminous glow in the dark. To sailors this
phenomenon has long been known as St Elmo's fire. Once heard, the ionisation
noise is thereafter quite unmistakable. In August 1967 4 friends and I were on
the fixed ropes of the Rottalgrat of the ]ungfrau as a long black storm cloud
barrier rolled in from the W across an otherwise blue sky. We were enveloped
in cloud as we debated whether to wait or to descend. The first indication of
any danger was the curious hissing noise emanating from the ferrule of a long
ice-axe strapped to the sack of one of the party. It took only a few seconds to
work out the explanation whereupon the party split up each taking cover near
a boulder away from the owner of the long axe. The storm broke but cleared
after 15 minutes or so with a couple of thunderclaps so we decided to continue,
only to be overtaken above the Hochfirn just below the summit rocks by a
rather more serious second storm, which fortunately again did us no harm.

From this experience several lessons could be learned. Although storm-clouds
coming from the same side of the mountain will usually be visible at least an
hour before a storm, they can appear so innocuous that it is quite difficult
not to be surprised by the sudden onset of the storm. Many writers remark on
this. Smythe, for example, in his Schreckhorn article (op cit) writes of the
storm approaching with incredible rapidity even though he refers earlier to
'clouds massing in ugly grey battalions', and he was clearly surprised by the
suddenness of the storm:

'Within 10 minutes the storm was upon us. First we heard the bombard
ment as the storm-clouds reached the isolated peak of the Eiger. Without
a pause they rushed across to wreak their fury on the Schreckhorn. They
came with an insane squall of hail and tremendous cracks of thunder. Every
few seconds the lightning struck the ridge a few feet above us with a rending,
tearing bang'.

Although storms may only last for an hour or less, one storm is often followed
by a second, and a third. After our ]ungfrau ascent a third storm broke with
great ferocity just as we gained the] ungfraujoch Hotel.

Often, although probably not always, the ionisation noise will provide a
warning of imminent danger. In August 1970 Alan Wedgwood and I, with 5
Swiss climbers, were out on the Mittellegi Ridge of the Eiger about 100 m
below the hut in almost continuous storm for 5 hours. Two Swiss climbers
trying to follow the old guidebook description of the route up to the hut
direct from Alpiglen, had fallen just before the storm (which had been threaten
ing all morning) broke, and were left hanging from their rope some 200 m be
lo~ the ridge. We had no alternative but to stay on the ridge while hauling
them both up together on several ropes tied together. We all listened for the
ionisation noise which indicated when we should stop heaving and take cover
just below the crest, leaving the rope secured by a prusik device. So far as I
could tell there were no strikes within a hundred metres but we all, I think,
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suffered a number of secondary shocks which varied from mildly to fairly un
comfortable.

It is unlikely that the ionisation noise will give sufficient warning of all strikes,
but the only safe course is to assume that when it can be heard that a strike is
imminent and to take cover until no further noise is audible. One test of this
can be made by raising a dampened finger.

Protection from the lightning strike

The earlier description of the stepped leader process suggests that the strike
is to the ground feature emitting the strongest ionisation current. This current
can provide a low resistance path and so attract a downwards moving leader
over the last 50 m or so above the ground or, in the case of a sharply pointed
rock summit, initiate an upward moving leader. This is the theory behind the
lightning conductor which is a well-earthed rod of low electrical resistance,
usually made from copper, which will attract a lightning strike in its vicinity.
The conductor provides a zone of protection from the strike. It appears that
if a stepped leader is directed towards a cone of 45 degree semi-angle centred
on the conductor with vertex at the tip of the conductor, then the strike will
earth through the conductor unless it is particularly weak. (Fig. 1 should help
to illustrate this point.) The zone protected by the conductor is sometimes

Cone ofsafety

termed the lightning shadow. Almost all alpine huts are carefully protected by
lightning conductors. Since it may be difficult to construct a good earth, addi
tional protection is sometimes provided by adding copper strips down the
corners of the building and along roof ridges. The hut then effectively consti
tutes a Faraday Cage. This is a closed conductor inside which no voltage dif
ference can be set up. In a small, exposed alpine hut with adequate lightning
protection, anyone a little away from the walls is safe from electrical effects.
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A storm will then not be dangerous although the effects may still be awe
inspiring. The night preceding the Mittellegi Ridge incident mentioned above,
4 of us were lying in the hut when a strike earthed probably down the main
conductor. The noise was appalling and after-images seemed to last for
several minutes, but no-one felt any shock.

In the high mountains the electric field particularly close to a sharp rock sum
mit is so distorted that the summit can directly discharge a cloud through a
lightning strike rather than just attract nearby stepped leaders. This can also
be true of snow or ice summits as well. It is for this reason that sharp rock
summits like those of the Geant and the Dru are struck so frequently. Light
ning definitely does strike more than once in effectively the same place. The
summit of a high mountain, particularly if well-defined, will always be a highly
dangerous place in a storm and provide a climber with his highest chance of
being within the fatal few metres of a strike. However, there does seem some
hope that such pointed rock features as summits, gendarmes or relatively high
steps on sharp ridges will act as fairly effective lightning conductors and pro
vide protection from the direct impact of a strike. In August 1971 Alan Wedg
wood and I were caught by a storm near the top of the Ferpecle Arete on the
Dent Blanche. Warned by ionisation we had tied ourselves to a peg under a
small overhang which I saw afterwards formed part of a small gendarme right
on the narrow summit ridge. A few minutes later there was strike so close that
apart from suffering painful secondary shocks we were both lifted 2 or 3 centi
metres from the small ledge on which we sat. It would seem likely that our
gendarme may have received a direct strike. Without the peg it is very likely
that one or both of us would have fallen from the ledge. Two further storms
caught us on the summit ridge but with no close strikes, before we could reach
the Rossier Hut.

It is clear that the best course of action for a party when warned by ionisation
is to look for some lightning shadow afforded by a gendarme, big block, or
the summit itself. Everyone should then tie himself firmly to a good belay for
the strike may be powerful enough to lift a person a few centimetres into the
air. Although there are unlikely to be many large parties on an exposed alpine
summit in a storm, it is important that such parties should not only take cover
but also spread out. Golde mentions the sad case of 46 teachers and school
children traversing in a 70 m long column an exposed ridge in the Northern
Japanese Alps. A lightning strike earthed close by with side flashes from head
to head along the entire column. Eleven of the party were electrocuted, 8 fell
from the ridge, while 14 sustained temporary paralysis and burns.

Dangers from surface currents

A lightning strike sets up an intense potential gradient which falls off inversely
as the square of the distance from the point of impact. The human body has
an electrical resistance much less than the average rock so a current will flow
through a body in such a gradient between the furthest separated points of
contact of the body with the ground. An approaching stepped leader will also
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induce a strong potential difference across the body in a vertical direction
which will be released as a flow of current at the moment of impact. This is a
source of secondary shocks such as those mentioned above. A standing climber
will be across a greater induced potential difference than one lying down. The
safest, although not a particularly comfortable, position is one in which the
climber sits hunched up on his heels with his feet together, a little away from
the feature providing lightning shadow to reduce the chance of any side flash.

When rain or melting hail falls during a storm then it is important to keep out
of the line of flowing water streams. This applies particularly to the Chamonix
Aiguilles and the the Dolomites. The water provides a low resistance path for
the electric current after a strike. It is necessary to keep out of vertical cracks
and chimneys running with water and away from dripping overhangs unless that
part of the mountain is itself unlikely to be struck. It is safer to sit out in the
open hunched up in the rain clear of the feature providing lightning
shadow. However, often the climber will have to use his own judgement when
it is impossible to get out of a water line. It is worth remembering that a wet
abseil rope will provide a good path for an electric current while the abseiler
is particularly vulnerable to an electric shock. Belay ropes can also direct a
water stream on to the body.

Although the surface current decreases in intensity with distance from the
point of impact, the initial voltage is so high that a climber is not safe from a
considerable shock' even hundreds of feet below a summit in heavy rain. In
August 1968 after doing the Scarf Arete, the Wedgwoods and I were traversing
the roughly triangular face of the Cima della Madonna along the Via Ferrata
leading to the Pradidali Hut about 2000 feet below the summit. Rain had been
falling heavily and the entire face was running with water when lightning struck
somewhere near the summit. My hands were jerked off the rung of the iron
ladder I was climbing. Alan Wedgwood on a lower ladder had a similar experi
ence, while Janet, his wife, holding a polythene covered cable between the
ladders felt nothing.

Ironmongery and metallic objects

If we assume the concept of lightning shado~ applied to mountain features
has some validity, as I believe it has, then it is fairly clear that the attractive
effect of crampons, axes, and pitons despite all their sharp points will be very
small compared to that of even a small pinnacle close by. There need be no
question then of abandoning any equipment although it will be worth gather
ing most of the metal together and placing it on the ground a little distance
away. So strong, however, can be the belief in dropping the ironmongery, that
on one occasion I have had to conceal crampons in a sack for others' peace of
mind.
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Summary

1 Look out for approaching or growing storm clouds and use the time to
get below a ridge or close to a large gendarme.
2 Listen for ionisation and take immediate cover when you hear it, beside
the largest object within a few yards.
3 Everyone should be securely belayed. Put down the ironmongery as low
as possible a metre or so away. Squat hunched up a little away from your
lightning protection, avoiding any water streaming from it.
4 Wait for the ionisation noise to stop, even after a strike, before moving
to even better protection.
5 Remember one storm is often followed closely by a second and a third,
so plan accordingly.

Even if you take all possible precautions you will not necessarily be safe, but
you are reducing the chances of a fatal strike.

Additional references in the'Alpine JQurnal'

18271,23597,26195,30317,41435,442836-7,40338,4965
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