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INTRODUCTION

2,400 m (8,000 ft), where the environmental, geo-
graphical, and medical obstacles are more significant
and often dramatic. On most mountainous terrain
below 1,000 m, environment does not cause prob-
lems not encountered anywhere else, but armies
that have campaigned at elevations higher than
2,500 m have sometimes suffered more casualties
from the mountain environment than from enemy
action. Military medicine has an obvious need to
study basic altitude physiology. In 1946 the US
Navy did a pioneer study of human physiological
adaptations to extreme altitude, and in 1985 the US
Army expanded that study: these are called Operation
Everest and Operation Everest II (Exhibit 20-2).

History offers many lessons that, when heeded,
can minimize military losses in mountain environments;
selected examples are the theme of this chapter.

EXHIBIT 20-1

COLD-, ALTITUDE-, AND NUTRITION-RELATED CONDITIONS EXPERIENCED IN MOUNTAIN
ENVIRONMENTS

Frostbite Air temperature falls one degree Centigrade with every 100 m of altitude, and the dangers
of freezing cold injury (frostbite) and hypothermia are compounded by hypoxia, hypogly-
cemia, and dehydration. Cold also causes problems for animals and equipment.

Hypothermia Whenever heat is lost faster than the body can generate it, core temperature falls propor-
tionally to the temperature difference and rate of loss, causing weakness, confusion, hallu-
cinations, coma, and death.

Hypoxia The available oxygen in air decreases in parallel to the decrease in barometric pressure with
increasing altitude, resulting in subnormal levels of oxygen in arterial blood or tissue (short
of anoxia). Hypoxia impairs judgment, slows reflexes, causes a spectrum of illnesses, and
decreases work capacity and will.

Hypoglycemia Both physical and mental exertion require fuel. Carbohydrate is the most readily available;
protein and fat are used later.  Owing to difficulties with transport, soldiers often do not
have enough food, which may cause a debilitating decrease in blood sugar with symptoms
similar to those caused by hypoxia and hypothermia. Hungry troops lose strength and
weight, and are slow to respond.

Dehydration In cold areas, water is usually scarce because it must come from melting ice, and fuel for
melting is scanty. Mountain air is dry, and excessive water is lost by the increased ventila-
tion due to work and to hypoxia. Although sweating is insensible, water is lost during
strenuous work at altitude.

Injury Higher mountains are generally more rugged, steeper, and more fraught with danger from
rockfalls and avalanches, which are common causes of injuries or death. Transport for the
injured or wounded is difficult, and triage is complicated by cold and altitude.

Illness Sanitary measures are limited, and infectious diseases and malnutrition are problems.

In war, victory often depends on skillful use of
the high ground, so hills and mountains have been
central to warfare for thousands of years. Gentle
hills, like those at Marathon and Gettysburg, give
tactical advantage with few obstacles from environ-
ment or geography. On higher mountains like the
Alps or the Caucasus, the greater is the tactical ad-
vantage for offense or defense, but the problems are
also greater. The mountain environment poses dan-
gerous medical problems including frostbite, hypo-
thermia, hypoxia, hypoglycemia, and dehydration.
Of these, cold injuries (eg, frostbite and hypother-
mia) have been the most frequent and serious, but
altitude illnesses and malnutrition have also caused
many casualties (Exhibit 20-1).

Because of the obstacles to men and equipment,
few military operations have taken place above
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(Exhibit 20-2 continues)

EXHIBIT 20-2

OPERATION EVEREST AND OPERATION EVEREST II

Control of the heights has long been important in war. Two centuries ago the Montgolfier hot air balloon took
this to a new dimension—high in the air. When Benjamin Franklin saw one of the first flights, he envisioned an
armada of thousands of balloons carrying airborne troops to battle. France formed the first air force—the
“Compagnie d’Aerostiers”—and on 2 June 1794 two French soldiers were taken high above gunshot to ob-
serve and report the disposition of the Austrian army ranged against them. For many decades such balloons
did not ascend more than a few thousand feet. However, in 1875, a huge balloon carried three men to over
25,000 ft; two were dead from hypoxia when they landed. The danger of great altitude was thus dramatically
proven: if men were to fight in the air, the hazards of high altitude must be overcome.

By 1920, powered aircraft could reach altitudes that incapacitated pilots if they did not breathe extra oxygen.
Twenty-five years later, aircraft could go even higher, beyond the level where pure oxygen, delivered under
ambient pressure, sufficed. Pressurized cabins were thought impracticable for battle; other approaches were
sought.

By then it was clear that exposure to gradually increasing altitude enabled men to survive, whereas the unac-
climatized soon lost consciousness. Some air forces kept pilots for weeks at moderate elevations in the moun-
tains to enable them to fly higher than their adversaries. This was somewhat effective but impractical, and it
suggested that aircrews might become acclimatized by repeated exposure to simulated altitude in decompres-
sion chambers.

Operation Everest

To examine this concept, in 1946 the US Navy authorized a study of acclimatization called Operation Everest,
which was conducted at the Naval Air Station, Pensacola, Florida. Four men were taken to a simulated alti-
tude of 8,800 m (29,000 ft) during 35 days of slow ascent. Samples of arterial and venous blood, expired air,
and urine, taken at rest and after exercise, were analyzed, and subjects were examined repeatedly during the
ascent. Electrocardiograms and occasional chest roentgenograms monitored cardiac function.

Finally two of the four reached a simulated altitude of 8,800 m, where they were able to do light work for 20
minutes. Next day, breathing 100% oxygen, they were taken slowly from 8,800 to 15,200 m (50,500 ft), where
they were able to exercise, although only lightly. This portion of the study showed that when breathing pure
oxygen, these partially acclimatized men could go much higher than could the unacclimatized; at the time,
this proved that acclimatization could give a small edge to the fighting pilot at extreme altitude. Soon, how-
ever, the use of pressurized cabins made moot the issue of acclimatization. Today, for military purposes, the
altitude ceiling of the aircraft, rather than the pilot’s tolerance, is the limiting factor.

Of more general medical interest were the clinical and laboratory data obtained throughout Operation Everest.
Pulmonary ventilation increased the most in the men least affected as the altitude was increased, suggesting
the benefits of a strong hypoxic ventilatory drive. The alveolar–arterial oxygen pressure gradient decreased
with increasing altitude but increased with exercise. The pH of arterial blood increased in parallel with in-
creasing ventilation but leveled off and slowly fell toward normal as acclimatization matured. The increased
alkalinity of blood altered the shape of the oxyhemoglobin dissociation curve, enhancing delivery of oxygen
to the tissues. Although blood oxygen saturation fell, oxygen content of arterial blood did not because of the
increased hemoglobin. The heart showed no sign of strain. Operation Everest confirmed earlier impressions
that acclimatization was accomplished by many integrated changes that tended to restore cellular oxygen
toward normal.

The data from Operation Everest also had more general clinical interest by outlining how acclimatization to
hypoxia helps persons with chronic heart, lung, or blood disorders. Many such patients may live for months
or years with arterial blood oxygen content almost as low as that experienced by a healthy mountaineer as
high as some of the Rocky Mountains.

Operation Everest II

Troops often need to campaign in mountainous environments. The experience of armies fighting in the Hima-
layan Mountains has shown that unacclimatized troops taken too rapidly to altitude will suffer attrition from
mountain sickness. To further study acclimatization, Operation Everest II was carried out in 1985 by the US
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ASIA

the hardships and dangers of warfare in the moun-
tains and deserts of Kurdistan and Armenia and
gives an intimate picture of the life of an ordinary
foot soldier. In contrast to the well-balanced force
that Alexander would lead in the same region many
decades later, Xenophon had 10,000 foot soldiers but
only 50 cavalry. This limited his mobility and his
timely appraisal of the enemy and slowed the ad-
vance of his army, exposing the troops to prolonged
cold, hunger, and altitude.

In a chapter of his Anabasis, or Persian Expedition,
entitled “Marching Through the Snow,” Xenophon
describes the hardships that his soldiers encoun-
tered while crossing a high plateau in the Taurus
mountains, which range from 1,800 to 4,000 m
(6,000–13,000 ft) in height:

The vast continent of Asia, including the Middle
East, contains the highest and most complicated
mountains, the largest and most hostile deserts and
plains, and the most difficult terrain for warfare.
Yet these areas have has been arenas for battles for
many thousands of years.

Ancient Greece: Xenophon

Exiled from Athens for his opposition to democ-
racy in 397 BC, Xenophon1 joined the army as a foot
soldier. His troops elected Xenophon leader of the
disorganized Greek army, later known as the Ten
Thousand, when it was hard-pressed in central Ar-
menia during the campaign against the Persians.
Xenophon’s detailed day-by-day account describes

Army at the US Army Research Institute of Environmental Medicine (USARIEM), Natick, Massachusetts. Like
Operation Everest in 1946, this was to be a study of “pure hypoxia” absent the confounding stresses of cold,
dehydration, and heavy work encountered on high mountains.

Eight healthy and athletic young men lived in a large decompression chamber for 40 days while atmospheric
pressure in the chamber was slowly decreased to that found at 8,800 m. Cardiac catheterizations were done at
three altitudes (sea level, 20,000 ft, and 25,000–29,000 ft) to assess heart function at rest and during and after
exercise. Using special gas mixtures, pulmonary function and diffusing capacity were also measured at in-
creasing altitude. Muscle biopsies were studied for structure, intracellular adaptations, and biochemical changes.
A variety of hormone and electrolyte studies were done. Daily physical examinations, alveolar air sampling,
and measurement of caloric intake and output, as well as occasional psychometric tests, were also done.

A slightly slower rate of ascent than in the first study was used, hoping that more complete acclimatization
could be achieved. New technology enabled collection of far more data than had been possible 40 years earlier.
During ascent, pulmonary ventilation increased, cardiac output decreased, and pulmonary artery pressure
increased, but the heart functioned well. Although the alveolar–arterial oxygen gradient decreased, mixed-gas
analyses of pulmonary function showed evidence of significant interstitial pulmonary edema, increasing with
altitude in all subjects. This suggested that the lung, rather than the heart, may be the factor limiting tolerance
for extreme altitude. Alveolar, arterial, and mixed venous blood analyses added to projections made by others.
Muscle chemistry and structural analyses cast more light on cellular metabolism. Despite free choice of nutri-
tious and appetizing food, caloric intake fell as the subjects lost appetite, and their weight decreased. Maximal
work capacity decreased with altitude and did not approach that found at sea level over the period at altitude.

The findings enlarged the data obtained from the 1946 US Navy study, but suggested that the rate of ascent
had been too fast to enable full acclimatization. The 1985 US Army study had special relevance to military
forces that must travel, fight, and live at moderate elevations. By demonstrating the decrease in work capacity
at high altitude but showing the benefits of slow ascent acclimatization, soldiers and civilians alike have ben-
efited from this ambitious study.

RECOMMENDED READING

Jackson DD. The Aeronuts: The Epic of Flight. Alexandria, Va: Time Life Books; 1980.

Houston CS, Cymerman A, Sutton JR. Operation Everest II 1985. Natick, Mass: US Army Research Insti-
tute of Environmental Medicine; 1991.

Exhibit 20-2 continued
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Next came a three days’ march of 45 miles over
level ground and through deep snow. The third
day’s march was a hard one, with a north wind
blowing into their faces, cutting through absolutely
everything like a knife and freezing people stiff.
One of the soothsayers then proposed making a
sacrifice to the wind and his suggestion was carried
out. It was agreed by all that there was a distinct
falling off of the violence of the wind. The snow
was six feet deep and many of the animals and slaves
perished in it, as did about thirty of the soldiers.

. . . .

The whole of the next day’s march from here was
through the snow and a number of the soldiers
suffered from bulimia. Xenophon who, as he com-
manded the rearguard, came upon men who had col-
lapsed, did not know what the disease was.1(pp196–197)

The elevation of this plateau and the passes that
Xenophon crossed are not clear from his account
nor are they easily ascertainable from the maps
showing his route, but the depth of snow and the
cold suggest that much of the route was higher than
2,400 m (8,000 ft). Food, fuel, and water were lim-
ited in this harsh, frozen terrain. Some soldiers fell
senseless to the ground from what Xenophon calls
“bulimia,” which was probably a combination of hun-
ger, cold, and exhaustion. Xenophon was told that
bulimia should be treated with food, so he personally
went among the troops collecting and distributing
food to the victims. Xenophon wrote of his troops:

As soon as they had something to eat, they stood
up and went on marching.1(p197)

During the day the troops suffered greatly from
snow blindness, but some prevented this by hold-
ing something black before their eyes. Their feet
often froze to the soles of their makeshift sandals
of undressed oxen skins.

In the next chapter, entitled “They Capture a Pass
by a Manoeuvre,” Xenophon describes how, after tra-
versing this difficult terrain, the troops finally reached
a pass that led down to the fertile plains where the
Ohasis River ran. The pass was held by a strong en-
emy force, and the generals disagreed how best to
proceed. After a powerful address by Xenophon, the
Ten Thousand surprised the enemy outposts; after
several sharply fought engagements, they attacked the
enemy’s rear. Then, after securing the pass,

they offered sacrifices and … descended into the
plain and came among villages full of plenty of
good food,1(p206)

where his soldiers regained their strength.
This extraordinary military campaign shows how

a brilliant and determined commander can success-
fully lead an army through unknown territory and
across mountains and deserts, facing severe weather
and all the problems of a mountain environment.
Xenophon’s leadership places this campaign among
the great military operations in history.

Ancient Greece: Alexander the Great

Sixty years after Xenophon’s march through this
area, Alexander of Macedon followed part of
Xenophon’s route during his campaign against the
Persians and his subsequent invasion of India (Figure
20-1). Accounts of this long and arduous campaign
(although often conflicting) describe the hardships
encountered in mountainous country.2–4

Xenophon had shown restraint as he moved
through the western part of this wild and little-
known region, but Alexander, when his passage was
opposed, ruthlessly destroyed cities, slaughtered
inhabitants, and burned crops. Alexander felt com-
pelled to leave only scorched earth behind him be-
cause he had insufficient troops for garrisons to
protect his long and tenuous supply line. As a re-
sult, obtaining water and food was one of his worst
problems.

For more than 10,000 miles from Macedonia,
through Greece, Egypt, and Asia Minor, it was not
unusual for Alexander’s troops to march 100 or 150
miles in 4 days over ordinary terrain. Their progress
was much slower in the mountains, however, which
were often higher than 1,800 m (6,000 ft).3

In November 331 BC, driving northward from
Kandahar, Alexander crossed the highlands of cen-
tral Afghanistan, where his army suffered severely
from altitude, cold, and snow blindness. Many sol-
diers died before he descended to the more hospi-
table environment of Kabul, at 1,800 m (6,000 ft)
above sea level. Before him were the imposing
Hindu Kush mountains (known in that time as the
Caucasus Indicus), north of which his enemy Bessus
waited, arrogant and confident that his army could
whip Alexander should he attempt to cross these
fearsome mountains.

Anticipating that Bessus would expect him by the
lowest and easiest of the seven passes, Alexander
chose the most easterly Khawak Pass (4,500 m, or
15,000 ft high), the steepest, highest, and most
treacherous because of snow and avalanches. He set
out from Kabul in 329 BC, too early in the spring to
cross such a high pass because, although the snow
was beginning to melt in Kabul, winter still raged
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in the mountains.
The snow line began 20 miles before the actual

pass, and the snow drifts became deeper the higher
his army climbed. The weather was severe. (There
are several different versions of the story, but they
all describe extreme difficulty.) Hundreds of men
froze to death, others became snow-blind and wan-
dered away. Altitude illnesses had not been recog-
nized in that era, but it is probable that Alexander’s
losses were a classic example of the synergism of hy-
poxia, cold, hunger, and dehydration. After reaching
the summit of the pass, the long baggage train, in-
cluding Alexander’s full court, and the surviving
thousands of camp followers labored another 40 miles
down the northern side to below the snow line. The
army was starving and exhausted as it reached a deso-
lated land: Bessus had destroyed everything.

That 60 miles took 15 days and cost Alexander
an unknown number of lives, unknown because
only battle deaths were recorded.2 Some reports say
that half of Alexander’s fighting men died from the
altitude and cold, the effects of which were in-
creased by inadequate food and water. This famous
campaign is one of the most costly and difficult in
the history of mountain warfare.

Many historians describe Alexander’s assault on
a famous mountain citadel,  the Sogdian (or
Ariamazes) Rock. (Quintus Curtius Rufus’s version
is slightly different from that of other historians.
He writes that the soldiers drove their wedges into
cracks between the rocks, as modern climbers do,
and states that the rock was 30 furlongs [2,000 m]
high.5) Although altitude was not a factor, the rock
was said to be at least 1,000 m (3,300 ft) high and
precipitously steep on all sides. Its exact location is
hard to trace but it is probably in modern Tajikistan,
near the Oxus River (now called Amu Darya). It is
said to have had persistent snow on the flat sum-
mit, which gave the 35,000 inhabitants ample wa-
ter. Confident of their impregnable position, the
Sogdians scoffed at Alexander’s demand for their
surrender. “To reach us your men will have to fly
like birds,” they replied. According to Arrian,
Alexander was furious and determined to capture
and sack the castle. So at night, in midwinter, he
asked for volunteers:

There were some 300 men who in previous sieges
had had experience in rock-climbing. These now
assembled. They had provided themselves with
small iron tent-pegs, which they proposed to drive
into the snow, where it was frozen hard, or into any
bit of bare earth they might come across, and they
attached to the pegs strong flaxen lines ...; then,
driving their pegs either into bare ground or into
such patches of snow as seemed most likely to hold
under the strain, they hauled themselves up, wher-
ever each could find a way. About thirty lost their
lives during the ascent—falling in various places
into the snow, their bodies were never recovered
… —but the rest reached the top just as dawn was
breaking.2(pp233–234)

The awestruck defenders, seeing this small band
on the high cliffs across from but overlooking their
town, believed that Alexander’s men had indeed
“flown like birds” and immediately surrendered.
This must be among the first records of such direct
aid climbing in warfare; much later it would become
part of the training for troops intended for fighting
in the mountains. Alexander killed most of the
people; spared their king, Oxyartes; and married
the king’s beautiful daughter, Roxana.4

As was the case with his predecessor, Xenophon,
strong leadership inspired Alexander ’s army to
fight its way through uncharted hostile lands de-
spite inadequate supplies, and across high moun-
tains despite extreme cold and altitude. Much later,
when Alexander ’s leadership faltered, the cam-
paign fell apart; after his death, disaster followed.

Fig. 20-1. When Alexander’s route through central Asia
is superimposed on a map of modern Afghanistan, his
army is seen to have marched through many populated
locations that have recently assumed great importance:
Herat, Kandahar, Kabul, and Mazar-e Sharif, to mention
a few. The geographical sites that Alexander is renown
for traversing are equally impressive. (a) A view of the
Hindu Kush Mountains from north of Kabul; this range
had to be crossed if Alexander were to reach central Asia.
(b) The Panjshir Valley is seen at a point before the en-
trance to the Khawak Pass is reached. (c) The view look-
ing north from the summit of Khawak Pass (11,000 ft);
Alexander’s army of approximately 50,000 crossed here
in the spring, before the snows had melted. (d) The desert
that Alexander had to cross before reaching the Oxus
River (now, the Amu Darya) and present-day Tajikistan.
(e) The likely Sogdian Rock in Tajikistan; Alexander’s
mountain troops are believed to have scaled the rock face
to the left. (f) The probable site of the last of Alexander’s
great mountain warfare campaigns, the Aornos Rock in
modern northwestern Pakistan. Alexander’s mountain
troops scaled the deep couloir on the extreme left and
traversed the ridge line to his enemy’s base camp on the
extreme right. Map: Adapted from National Geographic
Society, Washington, DC. Video frames: Reproduced with
permission from Dobbs R, producer. In the Footsteps of
Alexander the Great. Maya Vision International, London,
England.
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Roman armies marched to conquer northern tribes
and to police their vast empire. The passes were
easily defended, and the Alps provided a strong
barrier to invading barbarians from the north. Gib-
bon, the comprehensive historian, does not describe
the environmental problems that Roman soldiers

EUROPE: THE ALPS AND THE CAUCASUS

During the centuries of the Roman Empire, hun-
dreds of roads were built across several dozen
passes over 2,000 m (6,500 ft) high through the Alps
north of Italy. Some roads were paved and their
traces remain today. Some were trade routes, but
most were originally military roads over which the

Fig. 20-2. This classic 1869 map drawn by Charles Joseph Minard, Inspector General of Bridges and Roads, depicts
the successive losses of men from Hannibal’s army as he crossed from Spain to Italy, through Gaul (according to
Polybe). Translated, the legend reads, in part:

The number of men accompanying Hannibal is represented by the thickness of the colored line (1 mm = 10,000
men [at the start, Hannibal’s army numbered about 50,000 men]). Geographical landmarks are also shown on
or near the colored line. Because it is uncertain where Hannibal crossed the Alps, I have adopted the opinion of
Larosa without attempting to defend it.1

Confusion still reigns over the exact route that Hannibal took, but it is known that his men and animals suffered
greatly from hunger and the cold, wintry conditions. For example, according to the Greek statesman and historian
Polybius (ca 200–118 BC),

[the] conditions were so unusual as to be almost freakish. The new snow lying on top of the old, which had
remained there from the previous winter, gave way easily, both because it was soft, having only just fallen, and
because it was not yet deep. But when men and beasts had trodden through it and penetrated to the frozen
snow underneath, they no longer sank into it, but found both their feet slipping from under them, as happens
when people walk on ground which is covered with a coating of mud. What followed made the situation even
more desperate. In the case of the men, when they found they could not get a foothold on the lower layer of
snow they fell, and then, as they struggled to rise by using their hands and knees, slid downwards even faster
on these, no matter what they clutched on the way, since the angle of the slope was so deep.
As for the animals, when they fell and struggled to rise they broke through the lower layer of snow, and there
they stayed with their loads, as though frozen to the earth, because of their weight and the congealed state of
the old snow.2(pp227–228)

1. Lounsbury D, trans. Colonel, Medical Corps, US Army; Director, Borden Institute, Office of The Surgeon General,
Walter Reed Army Medical Center, Washington, DC; March 2002.
2. Polybius; Scott-Kilvert I, trans. The Rise of the Roman Empire. New York, NY: Penguin Books; 1979: Book III: The
Second Punic War.
Map: Reproduced from Minard CJ. Tableaux Graphiques et Cartes Figuratives de M. Minard, 1845–1869. Held at
Bibliothèque de l’École Nationale des Ponts et Chaussées, Paris, France.
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faced while crossing these mountains.
The Caucasus ranges were quite different from

the Alps: scarcely settled, larger in scale, and with
only primitive tracks or trails. Until recently, few
armies had attempted to cross or to fight on them.

Second Punic War: Hannibal

Among the many battles for these passes,
Hannibal’s crossing of the Alps is the best known
(Figure 20-2). There are many different versions of
this feat and the details differ. What is clear is that
Hannibal was an imaginative and charismatic
leader who had many tricks up his sleeve. Although
much of the story may be myth, it is clear that the
critical part of the invasion took less than 3 weeks
and included all the elements that make fighting in
the mountains so perilous.6 Few Roman mountain
campaigns are so well described.

At the age of 28, in 221 BC, Hannibal was elected
by the army to head the forces of Carthage. Within
3 years he had consolidated an amphibious attack
from Carthage on the Gulf of Tunis in North Africa
across the Straits of Gibraltar into Spain. During the
summer of 218 BC, Hannibal marched his army of
about 50,000 men across Spain, along the Mediter-
ranean coast and over the foothills of the Pyrenees,
and on to the Alps of southern France, fighting most
of the way. Next, he led the army over small hills
and across a plain, from which they would have to
find a pass over which they could climb before de-
scending into Italy.

There is little agreement over which pass
Hannibal crossed. This, and what hazards he en-
countered, have been debated for centuries. The
most reliable information is from Polybius, who
wrote 60 years after the fact, but the contemporary
place names have been lost in myth. Recently De
Beer6 examined all the available evidence and con-
cluded that the most likely crossing place is the Col
de la Traversette, which is over 3,000 m (10,000 ft)
high. Its northern approach is through a narrow
gorge, very steep and difficult. Hannibal’s army
spent 15 days fighting its way up through this
gorge, hemmed in by almost vertical cliffs, along
narrow trails, and over large boulders. The el-
ephants found the boulders insurmountable. Leg-
end has it that Hannibal built huge bonfires around
these boulders, and when they were red hot, poured
red wine on the boulders to split them into frag-
ments. Improbable though this may seem, it had
already been described by Pliny and Vitruvius.
Much later, in the early 19th century, this practice
(but using water) was carried out on rocky New
England farms. Today’s armies would use explosives.

The army was constantly attacked by hostile
tribes, who rolled great rocks down the cliffs to
block the way. But the tribes attacked only by day-
light and returned to their homes at night so that
Hannibal was then able to restore the passage. The
men suffered terribly from the cold, but the effect
of altitude hypoxia probably was slight because the
men had gained altitude gradually. The elephants
and horses had a dreadful time on the steep, bro-
ken tracks, which were often ice-covered. Above the
tree line they came onto fresh snow lying treacher-
ously over deep slush near the top of the pass, and
this gave them great trouble. From the pass
Hannibal showed his men the plains of Italy, al-
though they would still confront problems while
making the steep descent.6

Hannibal’s army crossed the Alps in October or
November 218 BC, and descended on Italy with 20,000
infantry and 6,000 cavalry (of his original army of
50,000). Although many elephants may have survived
the passage, historians believe they did not tolerate
the lower Apennine hills, and most died. Although
Hannibal’s daring passage through the mountains
caught the Romans by surprise, they rallied and—
with their much larger armies—forced Hannibal to
maneuver around Turin for many months. During this
period, Hannibal twice scored significant victories
over the much stronger Roman army, crushing it in
216 BC at the decisive Battle of Cannae.

Despite Hannibal’s bold and brilliant crossing
into Italy, the privations of the mountain environ-
ment left him barely enough power to win at
Cannae. Thereafter, in a strange and hostile land
he faced attrition from the continuously reinforced
Roman armies. He had no secure supply line
through the Alps or from the sea. Nor could he ad-
equately replenish his supplies from the countryside,
which was protected by the Romans. After the Battle
of Cannae, Hannibal’s leadership weakened. He left
Italy several times only to return for years of skir-
mishing against stronger Roman armies, which
slowly exhausted the Carthaginians. Hannibal took
poison and died in 183 BC.

Here again, strong and daring leadership enabled
a small army to prevail against the difficult barri-
ers of high mountains and, initially, to defeat a much
larger force. Owing to increasing problems with
supplies and reinforcements during many years of
fighting, Hannibal’s leadership failed and the de-
cades of war ended in defeat for Carthage.

Two thousand years later, when the French were
challenging all of Europe, in May 1800 Napoleon
led some 40,000 troops across the Great Saint Ber-
nard Pass (2,500 m, or 8,200 ft, in the Alps between
Switzerland and Italy), along an ancient Roman
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road that Napoleon rebuilt—and which is the ma-
jor highway in use today. Few altitude-related prob-
lems have been recorded. The monks and their huge
rescue dogs in the 800-year-old monastery on the
summit of the pass received him with impartial
hospitality, and in return, Napoleon promised the
monks perpetual custody of monasteries there and
on the neighboring Simplon Pass.

World War I

Although the years of slaughter and stalemate
on the western front are the best-known part of
World War I, some of the most desperate battles
were fought elsewhere, in mountain environments.

In December 1914, Enver Pasha led a strong Turk-
ish army against a smaller Russian army in the high
Caucasus Mountains. His first attack surprised and
overwhelmed the Russians but the following coun-
terattack defeated the Turks, who lost 78,000 of
Enver’s original 90,000 men. Bitter winter cold and
altitude contributed heavily to this month-long de-
bacle. Troops on both sides came close to starva-
tion, and scurvy disabled many.7

Between 1915 and 1917, many major battles were
fought in the Alps between the Italians, who sided
with the Allies, and the Austrians, who sided with
the Germans. Much of the fighting took place on
the frontier mountains at 2,000 m (6,500 ft), and
many troops lived for weeks and months at much
higher altitudes.8 More than half a million men were
engaged along a 600-mile front but concentrated
within 20 miles along the crests or slopes of the
steep Italian Alps and the Dolomites (a subsidiary
Alpine range in northern Italy), in terrain consist-
ing of steep mountains, ravines, waterfalls, and tur-
bulent streams (Figure 20-3). Ten thousand soldiers
fell at the Col di Lano, the most fought-over pass in
the Dolomites. Troops fought at an altitude of 3,000 m
(10,000 ft), and some 600 injured soldiers arrived daily
in Milan, most suffering from frozen feet and hands.9

This was terribly difficult terrain, even for the
experienced mountaineers who had been profes-
sional guides in civilian life and needed only a little
military training. Food, ammunition, arms, and
supplies of all kinds had to be carried from the
roadhead in the foothills to the front line, often on
men’s backs. Only occasionally could mountain

Fig. 20-3. These illustrations give some idea of the ardu-
ous terrain in which fighting between the Italians and
the Austrians took place during World War I in the Do-
lomites. (a) The first line of Italian trenches in the Cadore
district. The dark line across the snow is not the trench
itself but the barbed wire entanglements stretched in
front. In summer, the wire, which is fastened to posts
cemented into the rock, serves its purpose; but in win-
ter, when the deep snow covers it, the enemy could
readily advance over the top. To prevent this, little
wooden sawhorses are constructed in the trenches, the

a b

wire attached, and the portable entanglements pushed out on the hard snow surface. (b) An Austro-Hungarian night
patrol makes its way cautiously along a ledge in the Dolomite Alps. Photographs and legends: (a) Reproduced from
Bagg EM. Letters from the Italian front. National Geographic. 1917;32(1):47. (b) Reproduced from Gregory B. Mountain
and Arctic Warfare. Wellingborough, Northamptonshire, England: Patrick Stephens Ltd. Thorsons Pub Group; 1989: 18.



629

Selected Military Operations in Mountain Environments: Some Medical Aspects

mules be used. In places, long ropeways were con-
structed up which loads were hauled.

Most of the engagements were fought between
specially trained mountain troops—the brigades or
divisions of the Austrian Bersaglieri and the Italian
Alpini. Both sides were equipped with white camou-
flage clothing, skis, and machine guns mounted on
skis. The Alpini on Monte Ciove were under continu-
ous attack for 3 weeks, losing 4,000 of their 6,000 men.
Frequently the fighting was hand to hand, with bayo-
nets. These elite mountain troops used advanced rock
techniques to scale steep cliffs, establish ropeways,
and fortify almost impregnable summits. The strong
points were vulnerable to long-range artillery so the
soldiers lived in snow caves and tunnels, inadequately
protected and provisioned.9,10

This was the first time that two great armies had
faced each other on extended mountainous terrain.
Artillery barrages, machine gun attacks, and hand-
to-hand bayonet battles caused less damage to both
sides than did injuries from rockfalls, avalanches,
and cold. The mountains were rugged and access
very difficult; blizzards often dumped many feet

of snow on slopes too steep to hold it, and ava-
lanches buried many men. At night the great cold
froze rocks in place, but as the sun melted the ice,
there were dangerous rockfalls. The climbing was
difficult, and falls by men and equipment caused
many casualties. Some of the fiercest battles took
place on skis, often hand to hand.

Food was poor and scanty, and malnutrition and
abominable sanitary conditions weakened the sol-
diers. The effects of altitude hypoxia are not recorded
but were probably minimal owing to the acclimatiza-
tion the men developed. Although casualties could
usually be evacuated to a hospital, many were lost
(Figure 20-4). Between the mountaineers on both sides
a certain chivalry prevailed (what climbers call “the
fellowship of the rope”), unlike on any other front.
But disputes among the leaders decreased morale, and
the years of fighting ended in stalemate when the two
huge armies disengaged—except for small battles
fought from summit to summit in the Dolomites.

Such campaigns in World War I convinced many
countries that special training was important for
troops who would fight in the mountains (Figure 20-5).
Not so much altitude sickness but steep, broken,
and dangerous terrain, and storms, snow, ice, and
cold posed then and will always pose major prob-
lems for fighting in the mountains, despite advances
in supplies and equipment of modern times. Strong,
united leadership would be particularly important
in such harsh environments; however, not all coun-
tries acted on these lessons.

World War II

In 1938 the German mountain troops, or Gebirgsjäger,
were reconstituted into three divisions, but except for
their battles in Italy and the Caucasus, most of the
fighting was not in mountains, although their moun-
tain training was invaluable in winter conditions.

The Gebirgsjäger fought in Norway for 8 weeks
in 1940, facing bitter cold, deep snow, and long
darkness with little food and shelter. Finally they
prevailed and drove the British from Narvik. Other
Gebirgsjäger fought in the Balkans and Macedonia
and captured Athens.10,11

After the terrible winter of 1941/42 outside of
Moscow, the German Army was slow to recover but
in August 1942 began a drive into the Caucasus
ranges, the first chance the Gebirgsjäger had to fight
in terrain for which they had been specially trained.
The southern prong of the 1942 German offensive
would cut southward across the Caucasus to the
Black Sea to seize the seaport city of Batum, near
the Turkish border, and the oil-rich south. (The

Fig. 20-4. Transporting Italian casualties in the Alps. The
teliferica car provided the most comfortable vehicle for
the men wounded at the front, and this stage was said to
be the easiest of their long journey back to the base hos-
pitals. The teliferica car was also used to carry bodies of
Italy’s Alpine soldiers to their snowy graves. If time and
opportunity permitted, the dead were sent back whence
they came, but more often they were buried with full
military honors in the ice and snow of the glaciers. Pho-
tograph: Reproduced from Bagg EM. Letters from the
Italian front. National Geographic. 1917;32(1):55.
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northern prong was directed toward Stalingrad.)
They fought their way over many passes 2,000 to
3,200 m (6,500–10,500 ft) high, in bitter summer bliz-
zards and cold, and on into the fall and winter.7

Throughout the Caucasus campaign the Gebirgs-
jäger were extremely short of food and adequate
winter clothing. They were harassed by thousands
of native men and women, who had improvised for-
tifications in the mountains. German casualties
were heavy, but the natives were inured to the
mountain environment and suffered less. Here once
again, more casualties were due to cold, hunger, and
privation than to enemy action. Although trained
for mountain warfare, the German Army was inad-
equately equipped; they had little knowledge of the
geography or climate in the Caucasus and were
forced to gather information hastily, from 15-year-
old sources in Moscow, just as the campaign started.

In both world wars, which were largely European
and Middle Eastern wars, too little forethought was
given to the problems that troops would face in the
mountain environment: extreme cold, lack of oxy-
gen, insufficient food, and the difficulties of pro-
viding timely medical care. Some of these lessons

of the past were not entirely ignored in the United
States as the storm clouds gathered over Europe in
the 1930s. In 1939 several groups of American
mountaineers and skiers pressed for the formation
of a special Mountain Division. After months of
planning, the 10th Mountain Division was commis-
sioned in 1942 and composed of volunteer mountain
climbers and skiers. Training began in early 1943 at
Camp Hale, Colorado, at 2,700 m (9,000 ft) and in-
cluded rock and ice climbing, survival in cold
weather, ski combat, avoidance of rockfalls and
avalanches, and travel in dangerous terrain. The di-
vision was originally intended to attack the Germans,
who had survived difficult winter months in Denmark
and controlled the country. But it was soon apparent
that their effort would be too late and inadequate
against the large, entrenched German armies.

After 8 months of training at Camp Hale, detach-
ments moved to Camp Swift, Texas, or to the Aleu-
tian Islands, southwest of mainland Alaska, await-
ing the invasion of Italy, where they were expected
to be most valuable. They arrived in Italy in early
1945, 18 months after the invasion had started,
fought notably at Riva Ridge, and moved north-

Fig. 20-5. The skirmish line of Italian skimen advancing in attack. These troops, mounted on skis, can descend on an
enemy position like a flock of great white birds, bringing a message of disaster to their foe. In this photograph, they
are creeping forward in skirmish formation, firing as they go. Photograph and figure legend: Reproduced from Bagg
EM. Letters from the Italian front. National Geographic. 1917;32(1):61.
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ward until the war ended.
The main Allied forces had already landed and

were fighting north toward Rome. In January 1944
these forces confronted a formidable barrier, Monte
Cassino, the center of the Gustav line, which the
Germans held across Italy.12,13 The monastery of
Monte Cassino had been built in AD 524 by Saint
Benedict, on a high, steep mountain chosen to be
impregnable against assault from any side. Al-
though destroyed several times over the centuries,
the monastery was always rebuilt more strongly;
in 1944 Monte Cassino, rising 500 m (1,600 ft) from
the plains, dominated the road to Rome. Although
the elite German Jaegergebirge, the specially trained
and highly experienced mountain troops, had stock-
piled armaments and other supplies to repel re-
peated attacks or a long siege, Monte Cassino was
defended by paratroopers of the German 1st Para-
chute Division. Trained mountain troops from
France, Morocco, Turkey, and India, along with
regular infantry from England and the United
States, attacked again and again, forcing routes up
the steep cliffs almost to the summit before falling
back with heavy losses from firepower above them.
Winter conditions prevailed: mud, slush, snow, and
sleet caused casualties comparable to some of the
terrible injuries received by troops in the trenches
of France in World War I.

The US Quartermaster Corps had been develop-
ing a special boot for cold weather warfare, and a
few hundred were field-tested in Italy in the clos-
ing months of that campaign. The troops who did
not have this special boot suffered a special type of
cold injury—immersion foot—that caused thou-
sands of casualties and necessitated many amputa-
tions. This boot would be nicknamed the Korean
boot (or, affectionately, the Mickey Mouse boot) af-

ter it was used in the Korean War 5 years later, al-
though it arrived too late to prevent many amputa-
tions for frostbite.

The Italian campaign was bitter. Some German
troops said that the winter of 1944 on Monte Cassino
was as bad as anything on the Russian front. Allied
troops fought four major battles in the next 5 months
before the Germans retreated from the monastery,
which was by then almost totally destroyed.12,14

Monte Cassino fell in May 1944 and Rome was
taken 10 days later. In 1945, the 10th Mountain Divi-
sion had its baptism of fire in an assault on a series
of strong points on Riva Ridge and surrounding
peaks. The trained mountain division forced routes
up steep cliffs, fixing ropes much as Curtius5 says
that Alexander’s men had done in Sogdiana. Casu-
alties were heavy, but the mountain training paid
off and the German line was broken. The 10th
Mountain Division moved northward.

Many of the lessons from World War I had been
ignored or forgotten in the following decades and
mistakes were repeated in the Italian campaign of
1944–1945. Some top leaders disliked each other and
failed to cooperate at important times. They dis-
agreed over tactics at critical times. They led troops
who came from many countries and therefore had
language problems as well as different cultures and
military traditions. The US Army 10th Mountain
Division trained for 2 years to fight in the moun-
tains but did not arrive until the bitterest fighting
(at Monte Cassino) was over. The military leadership
and the US mountain troops, too, had not expected a
long winter campaign, and their clothing, footwear,
shelter, and even food were inadequate. New com-
manders for all troops repeated the mistakes of those
they replaced. In many respects it was déjà vu all over
again, at least in Italy and in the Caucasus.

TRAVELERS’ TALES

Most military operations in Europe and the
Middle East were conducted below 3,000 m (10,000
ft), where altitude hypoxia is seldom a problem be-
cause most troops acclimatize rapidly to these el-
evations. However, Asian mountain ranges (includ-
ing the Hindu Kush, Caucasus, Karakoram, and
Himalaya) and the South American Andes are high
enough to cause serious altitude problems for
troops, especially since supply problems limit the
time that can be spent on acclimatization. The first
reports of altitude or mountain sickness came from
travelers in Asia and the Andes, and at least a few
military campaigns in Asia have also experienced
these problems.

Asia

Some of the earliest accounts of the dangers of high
mountains come from the mountains of Asia. For ex-
ample, in 156 BC, General Du Qin advised Chinese
Emperor Wudi not to send envoys to Kashmir because
the mountains along the way were too perilous. The
general described the dangers of the journey in terms
suggesting altitude illness (he and others also men-
tioned the risks from dragons among the mountains):

[T]ravellers have to climb over Mount Greater Head-
ache, Mount Lesser Headache, and the Fever Hills.
… [T]hey must support each other by ropes.15(p10)
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An early example of a serious altitude problem
was described in the 5th century AD. After crossing
the Safed Koh, a subsidiary range of the Hindu
Kush, on the way to the higher Kohat Pass near
Peshawar, in modern Pakistan,

Fa Hsien and the two others proceeding southwards,
crossed the Little Snowy Mountains. On them the
snow lies accumulated both winter and summer. On
the north side of the mountains, in the shade they
suddenly encountered a cold wind which made them
shiver and unable to speak. Hwuy Kung could not
go any farther. A white froth came from his mouth
and he said to Fa Hsien, “I cannot live any longer. Do
you immediately go away, that we do not all die
here”; and with these words he died.16(p10)

Like Alexander’s men, the 5th-century party also
experienced snow blindness, and they noted an-
other unusual mountaineering peril, as well:

The snow reflects a white light so strong that the
traveller has to shut his eyes and cannot see any-
thing. Only after he has made sacrifices to the King
of the Dragons will his eyesight be restored.16(p10)

South America

Soon other travelers noted problems due to alti-
tude. In 1590, Father Jose de Acosta astutely blamed

“thinne aire” for the acute sickness he experienced
while crossing the high Pariacaca Pass in the Andes
Mountains.17(p10) His contemporary, Father Alonzo
de Ovalle, agreed:

When we come to ascend the highest point of the
mountain, we feel an aire so piercing and subtile
that it is with much difficulty we can breathe, which
obliges us to fetch our breath quick and strong and
to open our mouths wider than ordinary, applying
to them likewise our handkerchiefs to protect our
mouth and break the extreme coldness of the air
and to make it more proportionable to the tempera-
ture which the heart requires, not to be suffocated;
this I have experienced every time I have passed
this mighty mountain. 18(pp46–47)

A century later, Gruber repeated Acosta’s “subtile
aire” theory, but added:

In summer certain poisonous weeds grow there which
exude such a bad smell and dangerous odor that
one cannot stay up there without losing one’s life.19

Not until the end of the 19th century would the
true cause of altitude illnesses be proven to be due
to decreased barometric pressure and the resulting
lack of oxygen. The various forms of mountain sick-
ness would be experienced by armies that cam-
paigned above 2,500 m (8,000 ft).

MILITARY CAMPAIGNS

Asia: The Mongols

From 1200 to 1400 AD the tribal peoples from a
remote corner of central Asia—the Mongols—domi-
nated the political and military life of the known
world except for western Europe.20 Genghis Khan
(also known as Temujin), perhaps the greatest mili-
tary genius of all time, initiated these conquests;
his forces and those of his successors were known
as the Golden Hordes. For 200 years the Hordes
roamed and conquered much of China, all of cen-
tral Asia, and Europe to the Adriatic and the Black
seas, in bitter winter cold and debilitating desert
heat. Although little information describing their
health has survived, their standard diet of grains
and curd gave them adequate nutrition, and their
woolen dress minimized cold injuries.

Their military success as well as their resistance
to hostile environments was because of their mo-
bility. Genghis Khan learned very early in his ca-
reer that speed meant victory. His only fighters were

mounted cavalry, each man with a string of relief
horses. Men and horses alike were incredibly tough
and fast. Living on the grasslands of the Asian
steppes, advancing on a very broad front but able
to concentrate forces rapidly when faced with battle,
the Hordes were brilliantly trained, disciplined, and
led. After some years they spread out to form other
Hordes, whose cavalry also terrified their oppo-
nents by ruthless slaughter and plunder, massacring
all the people in the cities they conquered and then
razing them to the ground.21 It was a scorched earth
policy in the extreme, like Alexander’s.

One Mongol chieftain, Mirza Muhammad Haider,
filled a book with detailed descriptions of the cam-
paigns in which he participated. This account, writ-
ten in 1544 near the end of his long life, is a record
of incessant fighting between infidels and Moslems,
between members of a family, and between rival
clans.22 Much of the action took place around
Samarkand, Tashkent, Yarkand, Khotan, and
Kashgar, now largely arid desert. Considerably
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more rain fell during those years, so that parts of
the now-almost-barren high desert were fertile
enough to provide fodder for the horses and grain
for the people, ensuring the Hordes’ mobility. Nev-
ertheless, campaigning was incredibly difficult for
these armies (large and small), and their total de-
pendence on horses adds special relevance to the
following selection from Haider:

It is clear that Tibet is a very high-lying country,
since its rivers run in all directions. Anyone wish-
ing to enter Tibet must first ascend lofty passes,
which do not slope downward on the other side
for on the top the land is flat. ... On account of the
height, Tibet is excessively cold. … Having reached
this point in my narrative it is necessary for me to
give some account of the land of Tibet, for this
country is so situated that very few travellers have
been able to visit it. On account of the difficulties
of the route, which from every point of view is most
dangerous whether by reason of its hills and passes,
or the coldness of the air or the scarcity of water
and fuel, or the shameless and lawless highway-
men, who know every inch of the way and allow
no travellers to pass—no one has ever brought back
any information concerning this country.

Another peculiarity of Tibet is the damgiri [literally,
breathtaking], which the Moghuls call Yas and
which is common to the whole country, though less
prevalent in the region of forts and villages. The
symptoms are a feeling of severe sickness (nakhushi).
And in every case one’s breath so seizes him that
he becomes exhausted, just as if he had run up a
steep hill with a heavy burden on his back. On ac-
count of the oppression it causes it is difficult to
sleep. Should, however, sleep overtake one, the eyes
are hardly closed before one is awake with a start
caused by the oppression of the lungs and chest.

. . . .

When overcome by this malady the patient be-
comes senseless, begins to talk nonsense, and some-
times the power of speech is lost, while the palms
of the hands and the soles of the feet become swol-
len. Often, when this last symptom occurs, the pa-
tient dies between dawn and breakfast time; at
other times he lingers on for several days.

. . . .

This malady only attacks strangers; the people of
Tibet know nothing of it, nor do their doctors know
why it attacks strangers. Nobody has ever been able
to cure it. The colder the air, the more severe is the
form of the malady.

. . . .

It is not peculiar to men but attacks every animal that
breathes, such as the horse, as will be presently in-
stanced. One day, owing to the necessity of a foray,
we had ridden faster than usual. On waking next
morning I saw that there were very few horses in our
camp and on inquiring, ascertained that more than
2,000 had died during the night. Of my own stable
there were twenty-four special riding horses, all of
which were missing. Twenty-one of them had died
during the night. Horses are very subject to damgiri. I
have never heard of this disease outside of Tibet. No
remedy is known for it.22(pp412–413)

This account is important because it is an early and
very detailed description of the problem of altitude
sickness, and of acclimatization, which affected a
powerful and resourceful leader campaigning in a
high and hostile environment.

The Mongol Hordes were among the most effi-
cient, ruthless, and powerful fighting machines the
world has ever experienced. They were an early
model for modern mobile forces, living on the land,
traveling light and fast, with minimal supplies but
able to fuel their transport (horses) as they went.
By contrast, tank offensives in World War II were
often halted because fuel could not be obtained. The
Mongols crossed high mountain passes, fought
through severe sand and snow storms, in drought
and famine-stricken areas, always moving. During
the first decades the strong and brilliant leadership
of Genghis Khan brought seemingly impossible suc-
cesses. Later, as the original Horde split into sev-
eral smaller ones, most of the leaders were still able
and strong. But unbelievable success and booty led
to corruption and internal quarrels between lead-
ers. After 2 centuries, all of the territories they had
conquered were lost.

Asia: The Great Game

For thousands of years military campaigns have
been fought in Asia among the harshest mountains
on Earth between bitter enemies. Since the 18th cen-
tury, these have attracted attention to what Rudyard
Kipling called “the Great Game.” Sometimes only
a few men were involved, but small armies were
engaged at others.23

Several great and discrete mountain ranges run
for 2,000 miles from northwest to southeast across
Asia, forming a nearly impassable barrier between
the Russian confederation, Mongolia, and China to
the north and Iran, Afghanistan, Pakistan, and In-
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dia to the south. For most of their length the sum-
mits are from 6,000 to 8,000 m (20,000–26,000 ft)
high. This formidable barrier is breached in many
places, but few of the passes are lower than 5,000
m (16,400 ft) and all are covered by perpetual snow
and ice. Yet for many centuries, invaders have
crossed these passes from the inhospitable north to
the warmer, richer, and softer south.23,24

Ever since the British Empire gained control of
India 300 years ago, the English have been major
players in the Great Game against the Russians.
Both played for high stakes: the British to retain the
riches of India, and the Russians to claim them. Both
sought passes by which an army from the north
might invade India, and where such an invasion
could be halted, even though few places on Earth
are less suited to war because of the terrain, extreme
cold, great altitude, and lack of food and often of
water. The area was unexplored and almost un-
known until both sides sent intrepid soldiers, usu-
ally disguised as Muslim traders or priests, to pen-
etrate this wild country, map the great rivers, and
locate villages and oases. The Oxus and Indus riv-
ers were thought to offer possible routes for an
army, ones where bitter cold and altitude would not
be problems, but even to reach the rivers involved
crossing high mountains.

Not only were these early travelers seeking
routes for armies and for traders, they were also
trying to win the support of the rulers of the many
petty, often warring states. Many of the covert
agents took 6 months even to reach their destina-
tions—often being executed if one ruler or another
was offended or suspicious. They crossed high
mountain passes and endured severe privation on
snow and in barren deserts. Their instructions were
dictated from India or Britain, took many months
to arrive, and were often unclear or contradictory.
It is not surprising that, given greatly delayed and
wavering leadership from London or Delhi, the
hardships they experienced are not as frequently
mentioned in their reports as are the political and
personal confrontations and frustrations. Although
these intrepid agents were few in number, the maps
and information they brought from central Asia
should have improved strategy and tactics for gen-
erations—but unfortunately did not—both because
of the long delays in communication and because
of vacillating policies and incompetent generals.

In Afghanistan, a climax came in 1843 when Shah
Shuja, the Afghan premier, was forced by a revolu-
tionary group to expel the British mission that had
installed him as Prime Minister and was negotiat-
ing a peace between the two parties.25 Although
promised safe conduct during their retreat from

Kabul, the British were treacherously attacked by
Shah Shuja’s Afghan soldiers and suffered horrible
losses. British troops returned a year later and took
savage revenge. The Great Game played on for an-
other hundred years, but prior to 1970, the inces-
sant intrigues and struggles for power did not at-
tract much international attention.

Then in 1978, for complicated reasons still being
debated, Russia, by then loosely consolidated as the
dominant member of the USSR, decided to inter-
vene in the chronic political struggles between Af-
ghan rebels and their government. Without warn-
ing, Russian troops invaded Afghanistan through
a tunnel that Russia had built beneath Pamirs (the
high-altitude region of central Asia, which contains
numerous mountain peaks higher than 6,100 m
[20,000 ft]) to encourage, as they claimed, free
trade.26 This invasion was what the British had
feared and had tried to prevent for a century, but
when it happened they were able to do little about
it. Using the tunnel enabled Russian troops to avoid
many of the problems due to cold and altitude en-
countered on the peaks and passes that hampered
the Afghans, even inured as they were to these haz-
ards. The Russians also used air support, but this
was effective only at first.

In Afghanistan the land is high, wild, and bar-
ren—frozen or scorched—and dry, with scattered
oases along rivers that flow from high and impreg-
nable, snow-clad mountains to disappear in sandy
wastes. Ragged, tortured, rocky ridges provided
sanctuary for ground forces and gave some shelter
from air attack. Russian ground transport was ham-
pered by heat or cold, endless rocky spurs and out-
crops, and sand or snow. Supplies had to come by
air. The Russians were trying to restore a dishev-
eled government, torn by deceit and murder, as well
as many independent guerilla factions, often oper-
ating independently and at odds with one another.
Despite superior equipment and unopposed air as-
saults, the Russian armies did not tolerate the
mountain hardships, and finally the Afghan rebels,
poorly disciplined and led though they were, used
the mountainous wasteland better than the Russian
troops, and forbade them ground control. After 10
years the Russians could not prevail and, after an
ignominious stalemate, withdrew.

The struggles in Afghanistan demonstrate the
obstacles that make mountain warfare so difficult
and costly. Most of the land is parched and water is
available only from the few large rivers, making
agriculture possible only in irrigated areas; food is
always scarce. The mountains are from 2,500 to
6,000 m (8,200–19,700 ft) high and are always cov-
ered with ice and snow. The temperature varies
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from above 40°C to –30°C (> 104°F to –22°F). Sand-
storms, rockfalls, and avalanches are frequent. Cold
injury and altitude sickness are major hazards in
the high mountains. Belatedly, the Russians recog-
nized that their troops had not been adequately
prepared for the terrain and the extreme climate en-
countered in Afghanistan, and they established a
mountain warfare training center in Russia.

Tibet: Geopolitical Machinations

The Great Game was played in another region at
the start of the 20th century as Russia increased its
efforts to acquire Tibet, at that time still an aloof
and little-known country. The British, determined
that no other power should control this high, wild
land, matched Russia’s diplomatic overtures until,
in 1904, the delicate negotiations collapsed, and the
British monarch sent a small army to escort a diplo-
matic mission to Lhasa, the principal city in Tibet.27,28

Colonel Francis Younghusband was chief of mis-
sion, with General Macdonald and 2,000 troops in
support. Their orders were ambiguous and fluctu-
ating in an effort to persuade rather than to force
the lamaistic theocracy to accept relations with Brit-
ain and to lock the door against Russia. When the
last polite exchanges failed, Younghusband’s party
marched from the lowlands of India up into the
Himalayas in February 1904 in battle array, drag-
ging artillery along rough and stony tracks and over
passes higher than, and almost as difficult as, those
that Hannibal’s elephants had crossed. After a few
minor skirmishes, they faced a Tibetan force of sev-
eral hundred men armed with ancient firearms and
large knives, sheltering behind a formidable stone
wall at an altitude of 5,500 m (18,000 ft). One of the
party described the difficulties:

Climbing over boulder strewn surfaces would be
bad at sea level; here where the air is so thin it soon
becomes a burden. … The lungs seem foolishly in-
adequate to the task imposed on them … the heart
goes on beating with increasing strokes until it
shakes the walls of the body … speech comes with
difficulty. … The brain seems cleft in two and a
wedge, all blunt and splintery, is hammered into it
by mallet strokes with every pulsation of the heart.
… Here too the wind exacts its toll and drives a
cold aching shaft into your liver.27(pp52–53)

The first battle was joined at the strongly de-
fended wall, which ran across a barren plain be-
tween hills that were prelude to immense snow
peaks. A strong force of Tibetans was routed and
several hundred were killed. Six weeks later, in a
narrower valley at 5,600 m (18,500 ft), the Tibetan

forces were larger, and after the battle, the Tibetan
dead were estimated at 2,000. The terrain was ex-
tremely difficult. A dozen men under a native of-
ficer were sent up the almost-vertical face of the 460-
m (1,500-ft) southern scarp to outflank the enemy
at 18,500 ft—incredibly difficult work even for ex-
perienced mountaineers.

Apparently, altitude hypoxia—so vividly de-
scribed by Landon,27 who was there—did not halt
or greatly impede the comparatively unacclima-
tized British forces. The Tibetans had lived at alti-
tude all their lives and were fully adapted, an im-
portant factor favoring indigenous people meeting
freshly arrived invaders anywhere in the moun-
tains. The benefits of acclimatization were very clear
when the Chinese invaded Tibet 50 years later, and
were even more dramatically illustrated when they
were ignored by the Indian armies when they faced
the Chinese in 1962.

Younghusband’s British party eventually forced
its way through to Lhasa at 4,000 m (13,000 ft) and
concluded a treaty with the Tibetans. The British
force, although smaller than the Tibetan, was bet-
ter trained, disciplined, and led; they had superior
equipment that enabled them to prevail despite the
great difficulties of altitude, cold, terrain, supply,
and transport. Their advance was slow enough to
enable the troops to acclimatize partially to the high
altitude. This small military campaign should serve
as a model for other larger operations in the moun-
tain environment.27

China: The Long March

Perhaps the longest and most grueling campaign
fought partly in the mountains was the Long March
of the Chinese Communist party. In 1934, about
100,000 Chinese Communist troops and camp fol-
lowers (85,000 soldiers, 15,000 administrators, and
15 women) were greatly outnumbered and encircled
by the Chinese Nationalist armies. The Communists
managed to break through the besieging armies and
began their journey in October 1934. For the next
18 months the ragged, underfed, underequipped
soldiers fought their way across western and northern
China over rugged, almost-unknown country.29,30

Soldiers and civilians alike suffered their greatest
hardships from cold and altitude while crossing the
Snowy Mountains, possibly the same range on which
Fa Hsien16 had first recorded a case of high-altitude
pulmonary edema many centuries before. Because
the Chinese Communists were constantly harassed
from the air, they often traveled at night despite the
intense cold. Their clothing was inadequate for the
glaciers and snow they had to cross. They had little
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food. Despite acclimatization, their malnourished
and weakened conditions increased the adverse ef-
fects of altitude, which, together with the cold,
killed many thousands. After this high-mountain
travel they had to cross a few hundred miles of
swampland at 2,000 m (6,500 ft) elevation. They had
few medical supplies, and disease and trauma took
a heavy toll. They crossed 18 mountain ranges and
24 rivers in 1934 and 1935. Of the 100,000 who had
begun the Long March, only 8,000 survived.30

Korea: The Retreat From the Chosin Reservoir

Another brutal campaign was fought in Korea
in very harsh mountain terrain, although altitude
was not a factor. During an intense period begin-
ning 1 November 1950, US Army and Marine troops,
recovering lost ground, were attacked by Chinese
forces north of the Yalu River near the Chinese bor-
der. For 3 weeks the Americans retreated from the
Chosin Reservoir along mountain roads, through
narrow passes, in heavy snow and blizzard condi-
tions. Although the campaign was described as a
“strategic retreat,” morale and military discipline
deteriorated and there were heavy casualties. The
terrain forced the battered troops into narrow de-
files, where they were attacked on both sides from
steep mountain ridges, reminiscent of the attacks
suffered by Hannibal in similar terrain.

The roads were in such bad condition that
wheeled transport was almost impossible, and even
tracked vehicles had great difficulties. The result-
ing traffic jams compounded the problem. The win-
try cold was extreme and clothing and footwear
were inadequate, causing hundreds of cases of hy-
pothermia, frostbite, and ensuing amputations. The
greatly hampered transport made food and water
scarce, so the troops became weak from hunger and
dehydration in the dry cold air, perhaps suffering
what Xenophon had called “bulimia.” Throngs of
civilian refugees clogged the roads and hindered
retreat and rearguard action. In this campaign it was
the mountain environment, although not including
altitude, that caused the many casualties.31 (For
more about the Chosin Reservoir retreat, interested
readers should also see Chapter 10, Cold, Casual-
ties, and Conquests: The Effects of Cold on War-
fare; and Chapter 14, Clinical Aspects of Freezing
Cold Injuries, particularly Exhibits 14-7 and 14-8;
in Section IV, Cold Environments, in Medical Aspects
of Harsh Environments, Volume 1.32)

This tragic operation is almost a replica of the
British Army’s retreat from Kabul a hundred years
before. Then, in January 1842, British forces, ex-
pelled from Kabul with a safe conduct, were be-

trayed by Shah Shuja and attacked from all sides
by Afghans. The British fought their way through
50 miles of the narrow Kabul River gorge in bitter
cold and heavy snow. Most of the horses were
killed, making wheeled transport impossible. Cloth-
ing was completely inadequate for the weather, al-
though it had been suitable for garrison duty in
Kabul. The 4,500 British soldiers were handicapped
by the presence of some 15,000 wives, children, ser-
vants, and camp followers. Little or no medical care
was possible. The horse-drawn artillery was aban-
doned when the Afghans shot the horses and
blocked the road through the Khyber Pass. One man
survived to gallop, badly wounded, into the fort at
Jallalabad bringing word of the disaster to the hor-
rified and beleaguered British garrison. Some weeks
later, 65 more officers and men, most of whom had
been held hostage in Kabul at the start of the jour-
ney, found their way around the Afghans to
Jallalabad. Only that handful survived the cold and
the fighting.15 The Americans retreating from the
Chosin Reservoir a century later, although badly
hurt, fared much better.

These two 19th- and 20th-century “campaigns”
were disasters in which the forces suffered all the
handicaps imposed on military operations in the
mountains except for altitude: bitter cold; heavy
snow; long winter darkness; and limited food, wa-
ter, and other supplies. Difficult and constricted
terrain for maneuver, vulnerability to ambush and
attack from high ground, fearful roads for vehicles,
and the heavy handicaps of accompanying refugees
or noncombatants made the retreat from the Chosin
Reservoir a terrible ordeal for US troops. One of the
worst medical problems for the US troops was in-
jury from cold. Most of the survivors had frostbite
injuries often requiring amputation. These could
have been avoided if the suitable footwear, already
field-tested in the Italian campaign 5 years before,
had been provided in time. Inappropriate leader-
ship before the Chinese attack laid the base for the
Allied retreat, but leadership during the retreat was
brilliant and undoubtedly prevented more casual-
ties from enemy action.

South America: Liberation and Continuing
Conflict

The valleys and high plateau (altiplano) of the
Andes mountains that rim the Pacific coast of South
America are relatively hospitable to human habita-
tion. The Amerindian cultures who settled these
mountains developed an effective agriculture and
high-nutrition crops (eg, high-protein grains, pota-
toes, fruits) that allowed the altiplano to support
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very large populations before Europeans arrived in
the 16th century. The mineral wealth of the Andes
attracted the conquistadors, and Spain colonized
the area and subjugated the indigenous popula-
tions. Throughout history, the presence of large
numbers of people with often-conflicting economic
and political interests has provided tinder for armed
conflict, and intermittent warfare has occurred in
the Andes Mountains from the beginning of human
settlement there and continues to this day.

The history of Amerindian societies in the Andes
was one of frequent warfare between various tribes
until the Quechua-speaking Incas conquered most
other tribes and consolidated a sophisticated,
mountainous empire during the last half of the 13th
century; it stretched from northern Ecuador to the
middle of Chile. Owing to the lack of a written lan-
guage, historical account of the battles was by spo-
ken word; much of that history was lost when the
Spanish conquest destroyed the Inca culture. The
high altitude of the Andean region probably had
little effect on Amerindian warfare because the com-
batants, who resided there permanently, were ac-
climatized to the altitude. The rugged topography
probably did shape the warfare, however. Because
there were no ballistic weapons, combat was mostly
hand to hand and had to take place in the relatively
flat areas where combatants could face each other.
Further, the battles were somewhat formalized, with
the location and timing chosen to avoid the geo-
graphical and climatic impediments of hand-to-
hand combat. Some of the battles were immense,
with thousands of combatants. The Spaniards were
able to conquer and subjugate the Inca in 2 years
(1531–1533) with a very small number of soldiers,
owing to the following factors33:

• the devastating effects of European diseases,
which rapidly decimated the Amerindian
populations in both North and South
America,

• their use of guns and horses, which were
advanced technology at that time and in-
timidated the Inca, and

• the effective exploitation of political unrest in
the Inca empire and use of blatant treachery
by Spanish conquistador Francísco Pizzaro.

Spanish rule of South America ended with the
Wars of Liberation, a series of revolutionary move-
ments and military campaigns that began in 1808
and continued until 1824. Two men are credited
with liberating the continent: José de San Martín
and Simón Bolívar. To achieve the element of sur-
prise in their campaigns, they used mountain cross-

ings by their armies (similar to Hannibal and
Alexander before them), but they also fought many
battles in the mountains.

Wars of Liberation

José de San Martín, called the Liberator of the
South, was born in Argentina but grew up in Spain,
where he trained as a military officer; he fought in
North Africa and on the Spanish peninsula before
the Napoleonic Wars. When the independence
movements began in South America, he returned
to Argentina and fought for its independence. He
became convinced that the stability of the libera-
tion from Spain depended on removing the Span-
iards from their main stronghold in South America,
which was centered in Lima, Peru. To invade Peru
from Argentina, an army would have to cross part
of the Amazon basin and then a wide stretch of the
Andes Mountains. To circumvent those formidable
geographical barriers, San Martín conceived a dif-
ferent plan: to cross the Andes from Argentina into
Chile, liberate that region, and then move up the
Pacific coast to Peru. To accomplish his plan, he
moved to the Cuyo province of Argentina on the
east side of the Andes, where he raised and trained
an army near Mendoza; from there, San Martín and
his Army of the Andes set out to cross the moun-
tains into Chile in 1817. He provisioned his troops
with large amounts of garlic and onions to combat
mountain sickness and dismantled his artillery
pieces to be packed by mules over the rough moun-
tain passages.

To confuse the Spanish and colonial Royalist
forces in Chile, San Martín divided his army into
three columns, each of which crossed the Andes
Mountains by a different route. He led the largest
force over the 4,575-m (15,000-ft) Uspellata Pass
near Cerro Acongagua (6,960 m; 22,836 ft), the high-
est mountain in South America. The crossing took
3 weeks and, as had happened with previous armies
crossing mountain ranges, the mountain environ-
ment and terrain extracted a heavy toll of men and
equipment. San Martín lost about one third of his
troops to cold, altitude illness, and injury; more than
half of his horses and mules; and most of his artil-
lery and ammunition. Despite his losses, however,
the element of surprise worked in his favor: the
Spanish and Royalist army was divided because its
leaders were unsure where San Martín planned to
cross. He defeated the Spanish and Royalist forces
at Chacabuco, a battle in which San Martín’s use of
features of the terrain (he had surveyed potential
battle sites in Chile before crossing the Andes with
his army) and the inspired leadership of his Chil-
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ean subordinate, commander Bernardo O’Higgins,
carried the day.

San Martín and O’Higgins later defeated the re-
maining Royalists in the Maipú Valley near
Santiago, Chile. San Martín then raised another
army, which, with the help of British Admiral Lord
Cochrane, he transported by sea to Peru in 1820.
There he blockaded Lima, forcing the Spanish mili-
tary to retreat into the Andes east of Lima. San
Martín then attempted to set up a stable indepen-
dent government and did not immediately pursue
the Spanish and Royalist troops, which were be-
tween his own force and those of Simón Bolívar
fighting in Colombia and Ecuador to the north. San
Martín and Bolívar met privately in Ecuador in 1821
to discuss the final campaign to eliminate Spanish
rule. What was said during the meeting is unknown,
but afterwards San Martín resigned as head of the
Peruvian government and returned to Argentina,
leaving Bolívar to drive the last of the Spaniards
from the Peruvian highlands and, thus, from South
America.34,35

Simón Bolívar, known as the Liberator of the
North, also used mountain warfare to his advan-
tage during his campaigns to free northern South
America from the Spaniards. In his early struggles
to free Venezuela, he fought in the lowlands but had
only intermittent and transient success. Several
times his armies were defeated, forcing him to flee
to Caribbean islands to find funds for munitions
and supplies and to recruit new soldiers. In 1819,
after forcing the Spanish and Royalist sympathiz-
ers out of many areas in Venezuela, he was joined
by a large group of soldiers from Europe who were
looking for employment after the Napoleonic wars
had ended. These expatriate soldiers constituted
about a third of Bolívar’s troops and stayed with
him throughout the remaining wars, although their
numbers were considerably reduced by combat ca-
sualties. With his reinforced army, Bolívar set out
from Angostura, Venezuela, on the Orinoco River
in the interior of the country to help liberate Co-
lombia. He marched his troops through the lowland
jungles and pampas of Colombia to the base of the
Andes Mountains and then across a 4,880-m (16,000-ft)
pass to surprise and defeat the Spanish and Royal-
ist forces at the Battle of Boyacá. The army crossed
the Andes as a single unit over a pass that was 1,000
feet higher than the passes that had been used 1
year earlier by San Martín’s army in Chile. As with
San Martín’s crossing, Bolívar’s army suffered tre-
mendous losses of men and equipment to the high-
mountain environment, especially to the cold, for
which his soldiers were poorly provisioned. Bolívar

marched at the head of his troops during this cross-
ing; his strong leadership held the army together
and inspired it during a series of battles over the
subsequent weeks, culminating in the Battle of
Boyacá, which allowed him to claim the city of
Bogatá.36

Following Boyacá, Bolívar’s subordinate general,
Antonio José de Sucre, fought a series of battles in
the mountains of Colombia and Ecuador that re-
sulted in the final liberation of that region. The last
battle there was fought on the slopes of the
Pichincha Volcano, near Quito, Ecuador, in 1822.
The battlefield was so steep that neither side could
deploy its cavalry, and the battle was fought entirely
by infantrymen, who struggled up and down the
difficult terrain.

That same year, Bolívar turned his attention
south to Peru, where the last Spanish and Royalist
troops in South America were caught in the moun-
tains between Bolívar’s army to the north and San
Martín’s army in Lima on the Pacific coast. When
San Martín left Peru after their meeting in Equador,
Bolívar moved his own army nearly 1,000 miles
through the Andes Mountains into the Peruvian
altiplano. Like his previous crossing of the Andes
into Colombia, the long march through the moun-
tains was difficult, and hundreds of troops were
injured, died, or deserted the army. The first battle
took place in 1823 on the high (4,270 m; 14,000 ft)
altiplano in the Junín region of Peru (near the
present-day city of Huancayo). There, units of
Bolívar’s army, led by General Sucre, routed the
Spaniards in a short, intense cavalry battle fought
entirely with lances and sabers. The Spanish forces
fled southward into the mountains, pursued by
Bolívar’s forces commanded by General Sucre.

The last battle of the Wars of Liberation was fought
between these forces in 1824 in the mountains near
the present-day city of Ayacucho, Peru. The rugged
mountain topography hindered effective lines of ar-
tillery and rifle fire, and much of that battle was fought
with bayonet and saber. Sucre’s use of the rugged
topography and the inspired fighting by legendary
units of Bolívar’s army carried the day and ended
Spanish dominion in South America.36,37

Continuing Conflict

Following the Wars of Liberation, South America
has been (and is still) the site of frequent revolts,
violent changes of government, and border conflicts
within and between the newly independent coun-
tries. Of particular significance in terms of moun-
tain warfare were the Wars of the Pacific (1879–1883)
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fought between Bolivia and Peru on one side and
Chile on the other. The conflict started in a dispute
between Bolivia and Chile over nitrate-rich guano
deposits in the Atacama Desert on the Pacific coast.
Peru was drawn into the conflict through an alli-
ance with Bolivia. Early on, however, Bolivia with-
drew from the conflict and subsequently lost its only
access to the ocean. Peru and Chile continued to
fight. After the Peruvians lost fierce battles on their
southern border, the Chileans invaded Peru from
the sea, and in more fierce fighting, defeated Peru-
vian defenses and occupied the Peruvian capital,
Lima. Like the Spanish forces before them, the sur-
viving Peruvian forces retreated into the mountains
and high altiplano in the interior of the country to
regain strength and carry on the resistance. There,
under the leadership of Colonel Andrés Cáceres, the
Peruvian forces fought a series of engagements
known as the Breña Campaign (1881–1882) against
the Chilean forces that had been sent to destroy them.

The fighting was part guerrilla and part conven-
tional warfare, and the mountain environment ad-
versely affected both sides at different times. For
example, after a victory at Pucara, Peru, Colonel
Cáceres marched his forces toward Ayacucho, in-
tending to finally drive the Chilean forces out of
the Peruvian mountains. However, he and his
troops were caught by a storm in a high Andean
pass between Acobamba and Julcamarca, where he
lost approximately half his men and all his horses
and mules and was unable continue to Ayacucho
to capitalize on the momentum from his previous
victory. Despite many small victories, the Peruvi-
ans were never strong enough to make a serious
attempt to take back their capital, Lima.38

The war was eventually settled through diplo-
matic negotiations led by outside countries, but the
determined resistance of Colonel Cáceres was a
notable demonstration of the concept of the use of
mountains for refuge by forces who know how to
survive and fight there. This principle was again
demonstrated in the same region during the last half
of the 20th century, when the Sendaro Luminoso
guerillas fought the Peruvian government there for
more than 2 decades.

Modern Border Wars

China and Tibet

Since long before the Great Game began, China
has claimed sovereignty over Tibet, and exact bor-
ders have long been disputed. In 1950, Chinese
armies invaded Tibet and soon controlled the en-

tire country. Although much of the action occurred
on the high, inhospitable plateau, the Tibetans’ ac-
climatization advantaged them only for the first few
months: soon the lowland Chinese adjusted to the
altitude and acclimatized fully during the follow-
ing years.

However, among the occupying Chinese a pre-
viously unreported medical syndrome called sub-
acute mountain sickness, appeared in Han (Chi-
nese) infants who were either born at altitude or
taken there when very young. This cardiac prob-
lem is a form of right ventricular enlargement and
failure due to the pulmonary hypertension caused
by hypoxia.39 This is truly an environmental illness
and is apparently an infantile form of a syndrome
later described among Indian troops fighting at
even higher elevations in the Karakoram moun-
tains. Both the adult and the infantile forms are re-
versed after a few months by descent to lower alti-
tude, but they are often fatal if descent is delayed.

China and India

In 1962 Chinese armies suddenly attacked India,
crossing the Himalayan mountain ranges in half a
dozen places from the southeastern end (Assam) to
the northwestern section (Ladakh). Much of the
fighting was between small patrols and pickets, but
these engagements were no less bitter because rela-
tively few men were involved in any one place. For
the Indian forces, it was not military might but en-
vironmental forces that ultimately brought stale-
mate.40 Because the Chinese troops had occupied
the Tibetan highlands at 4,000 m (13,000 ft) for over
a decade, they were well acclimatized to altitude.
By contrast, most of the Indian troops were taken
up hastily from the low, hot, plains only a few hun-
dred feet above sea level. They were not clothed
for the cold mountain environment and were un-
aware of, and unprepared for, the hazards of alti-
tude hypoxia.41

In Ladakh, at the northern end of the Himalayan
ranges, many men were taken up by truck and even
more were flown up, to defend difficult positions
at 5,000 to 5,500 m (16,000–18,000 ft) above the low
plains of India. The Indian troops promptly suffered
severely from the altitude and cold, whereas the
Chinese, well acclimatized and also cold adapted,
were unaffected.42,43

In Assam at the southeastern end of the Hima-
layan ranges, cold was somewhat less a problem
than altitude, which incapacitated men at crucial
periods. Indian regiments moved into the moun-
tains rapidly
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in summer uniforms with one blanket per man—
and bivouacking that night at 4,500 meters (15,000
feet) … they moved next day to Yamato La, a 4,000
meter (13,000 foot) pass a mile west and higher. …
[The commanders in Delhi] pointed out that the
troops could not survive at this altitude without
winter clothing. … Brigadier Kaul spent a restless
night … . Like so many of his troops he was suffer-
ing from a pulmonary disorder consequent on his
exertions at altitudes to which he was not accus-
tomed. … [H]e had to be carried over the pass. A
helicopter was waiting … to lift him to Delhi.42(p20)

This conflict, extending the length of the Sino–
Indian frontier, was the first large-scale confronta-
tion between armies at altitudes that can be—and
in this case often were—fatal. Among the Indian
troops, morbidity from mountain sickness ranged
from 4% to 20% in different companies; a third of
the casualties are said to have died. From experi-
ence in this theater, many studies of acute moun-
tain sickness and of high-altitude pulmonary and
cerebral edema have been published. There is no
doubt that the Indian troops suffered far more casu-
alties from altitude and cold than from enemy action,
although the numbers still remain classified.43 The
conflict continues today, occasionally flaring up and
endangering the stability of the subcontinent.

After 18 months of indecisive action, the Chinese
unexpectedly withdrew, although minor skirmishes
persist today as they have for many decades. Hun-
dreds of casualties and deaths among the Indian
troops on the northwestern front, but only a few on
the southeastern, were due to altitude illnesses.

In retrospect, the lessons are clear: at the outbreak
of hostilities the Indian command was forced to
move troops very rapidly to a dangerous altitude,
but they failed to appreciate the importance of ac-
climatization, which the Chinese understood. It is
not likely that staging troops gradually to higher
from lower elevations would have altered the out-
come, but it would have prevented many casual-
ties from cold and altitude. The most important re-
sult of the Sino–Indian conflict was not conquest
but major medical contributions to understanding
the pathophysiology of mountain sickness and ac-
climatization.42

India and Pakistan

Kashmir has been fought over for a thousand
years, and it has been a theater for the Great Game

between Britain and Russia since the 17th century;
the territory has been even more bitterly disputed
since the partition of the subcontinent into Pakistan
and India in 1947. Although Kashmir was and still
is predominantly Muslim, the Hindu government
of India immediately sent troops to occupy the state
despite ragged opposition along the always-mili-
tant northwest frontier. Several small, desperately
brave military operations by Pakistani troops took
place in the winter of 1948 at 4,500 m (15,000 ft),
resulting in little gain but great suffering from frost-
bite and later amputation for those who survived.

As an adjunct to the Kashmir dispute, India and
Pakistan have been fighting a difficult and undeclared
war in the Karakoram Range of the Himalayas since
1985. The arena is the watershed of the Siachen Gla-
cier, comprising about 1,000 square miles of the
highest, least accessible mountains in the world.
This small war is a case study of the problems of
operations in very high mountainous terrain. The
campaign is immobile and consists of holding po-
sitions on very high points, raids by both sides, and
daily artillery duels. No large-scale engagements
have been fought. Details are classified but appar-
ently only a few hundred troops on each side are
engaged at any time.

At the beginning of 2002, both India and Paki-
stan are in full alert across the disputed Kashmir
border, both armed with nuclear weapons. This con-
frontation threatens to destabilize the smaller-scale
fighting, which has been in progress for 10 years in
the Siachen area as high as 7,000 m (23,000 ft). Per-
sonnel rotate through these positions every 6 to 8
weeks, since they are at or above the altitude where
deterioration outstrips acclimatization. Replacements
are taken by truck and airlifted to points from which
they must climb up the remaining few thousand
feet. Supplies follow the same route and are often
air-dropped. Casualties are alleged to be 20% or
higher owing to cold and altitude, because the
troops are exposed without adequate acclimatization.

The same syndrome of right ventricular failure
described in Han Chinese infants in Tibet has been
reported in Indian (and presumably has also ap-
peared in Pakistani) troops who have been stationed
for long periods at great height. The syndrome is
different from the well-studied chronic mountain
sickness (Monge’s disease) seen in long-time resi-
dents in the high Andes Mountains.39 Cold injuries
are said to be less important. The medical experi-
ence gained has been of great interest to science.
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SUMMARY

gen lack at great altitude has caused many casualties
among troops required to ascend too rapidly to dan-
gerous altitude; this was especially true among Indian
troops in Ladakh. Together, cold and altitude have
been devastating, as Alexander found in the Hindu
Kush Mountains, and as the Chinese Communist
army experienced when crossing the Snowy Moun-
tains. The combatants in the Karakoram Range of the
Himalayas today are badly handicapped by the ex-
treme altitude. By contrast, even on high mountains,
well-clothed and -acclimatized men have usually pre-
vailed over the enemy, whether defending or attack-
ing. Continuing supplies of food, water, weapons, and
clothing are crucial but are often interrupted by ter-
rain and weather. Lack of food, as Xenophon noted,
can greatly weaken even the best soldiers. In very cold
weather, ice and snow can be changed to water only
when fuel for fire is available; lack of water causes
weakness from dehydration.

It is ironic that despite sophisticated weapons,
clothing, and food; despite airpower and advanced
transport; repeated failure to learn such basic les-
sons from the past has continued to cause avoid-
able casualties and has too often led to defeat.
Mountainous terrain is a special circumstance, one
greatly complicating the other hazards of war.
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ter—as happened in the disastrous retreat from the
Chosin Reservoir in Korea.

During a few campaigns in the mountains, the oxy-
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