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Mountain is the third volume in this collection of books, published by 
Grupo Modelo as part of an ongoing effort to invite readers to enjoy 
and experience nature while making a commitment to protect the 
environment.

In Mountain, images unfold of the most important summits in the 
Americas, so that the majesty of Denali in Alaska, the Peak of Orizaba 
in Mexico, or the Aconcagua of the Argentinean Andes can be fully 
appreciated. These are just some of the many natural zeniths that 
embellish this work as unequivocal symbols of divine presence in our 
world. 

Our mountains are home to exceptional species of flora and 
fauna. They are also producers of water and minerals, sources of 
life for peoples and cities, and, moreover, unique references in 
our landscapes. To honor this wealth, in Mountain we chose to 
accompany the beauty of photography with seven texts that reflect 
the opinions and understanding of experts in sciences and the arts. 
Each of the authors who share their knowledge in this book is an 
expert in his field and an active participant in the search for solutions 
that will contribute to putting an end to the irrational exploitation 
of resources, thereby achieving, through the protection of our 
mountains, significant ecological progress.

These texts, together with extraordinary photographs taken by 
Antonio Vizcaíno, are a summons to work together starting today, 
to preserve our orographic pride. Mountain is also an invitation to 
stop and look at the rocks, soils, and glacial ice that compose these 
majestic peaks. Therein we can read the history of our planet and 
the dynamics that have governed us for millions of years, while at 
the same time comprehending the role played by mountains as 
fundamental components of the hydrological basins inhabited by 
millions of people around the world.

There is still time to stop the abuse being committed against 
nature through the poor utilization of natural resources, which 
manifests itself in threats to ecosystems such as deforestation and 
the pollution of wildlife reserves. It is up to us all to prevent and 
reverse the deterioration of our environment. In order to achieve this, 
the participation of society as a whole is indispensable. Likewise, each 
individual will hopefully bear witness to an undertaking that will lead 
us to adopt a new culture, one that allows us to modify paradigms 

and activities, transforming these into rational and sustainable usage 
of our natural resources.

We trust that by placing this beautiful edition in your hands, 
Grupo Modelo will fulfill its goal of inviting you to reflect upon and 
appreciate the enormous treasure that we possess in nature, a gift 
from God that has been entrusted to mankind.

presentation
Carlos Fernández González

Chairman of the Board and CEO of Grupo Modelo
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If you want to feel the true scale of time and place on our planet, as 
well as our own fleeting dimension, trek through its mountains.

Watch the planet closely. Only thus will you feel life flowing 
between each of its infinite nooks and crannies. Nature—that 
amazing web of interconnection—creates and recreates while 
constantly transforming itself, the conditions for myriads of species 
within their own particular environments to form part of it and 
survive. It is not unlike a kaleidoscope: the many-colored pieces of 
glass sealed in its interior, which are always the same, represent the 
raw materials of life. As the cylinder turns, these crystals shift and with 
them, the way they are perceived. Such is diversity in nature; in time, 
the species and landscapes will change, although the composition 
or raw materials has remained the same since life began. By 
contemplating mountains, which have emerged over the course of 
millions of years, we can feel the forces of an Earth that has been 
sculpted and remade time and time again.

When we hear the word “mountain,” we evoke an image 
associated with the term. Most people visualize an enormous mass of 
rock and snow. An yet, during my travels through mountains—which 
have lasted for many years now—what never ceases to amaze me is 
the variety of types and forms they can assume. A mountain is home 
to myriad ecosystems that have developed on snowy peaks, ancient 
rocks, lakes, waterfalls, entire basins, valleys, salt flats and beyond; 
thus constituting multiple life sources. It is my hope that this book 
will show, albeit in relatively few images, the diversity I have seen in 
my long pilgrimage toward the Mountain.

On mountains, reading landscapes and photographing them can 
take on fantastic, almost impossible planetary dimensions. How can 
one recreate in images the magnificence of the ranges that traverse 
the American continent? Composing the photographic essay that 
comprises this book has been a slow process, just as the evolution 
of mountains themselves is slow. I have traveled constantly, without 
interruption, for ten years to the most beautiful and best preserved 
natural sites in the Americas, from Tierra de Fuego to Alaska. Beyond 
my creative concept or desire to visit each and every place, the 
practical challenges involved have been countless. During this time, 
my dreams have revolved around nature and landscape as a whole, 
while the backbone of my photographic and oneiric journey has 
been the mountain.

The publication of the present book is the continuation of a long-
term project that began in 2003, thanks to the initiative of Grupo 
Modelo to create a series of books highlighting the intrinsic values of 

nature through publications of the highest quality and content. The 
objective of Grupo Modelo and América Natural is the sensitization 
of readers, motivating them to respect nature and create a culture of 
sustenance through the knowledge passed along in texts and the 
beauty of the locations being captured. 

In these photographs, various aspects of mountain splendor 
can be appreciated, from panoramic views that encompass broad 
landscapes to the minutest detail of their textures. Also during 
my expeditions, however, I have witnessed the environmental 
deterioration that has reached these colossal regions. The gradual 
disappearance of glaciers has had a tremendous impact on me, as 
well as changes I have experienced in weather patterns.

While contemplating mountains, I have confirmed time and time 
again that living conditions in our time have been subjected to rapid 
transformation and devastation. The planet has changed drastically 
over the past few years, with consequences that will be, in many 
cases, millenary.

Human understanding of natural processes has grown 
exponentially in recent decades. However, this powerful knowledge 
has led humanity to want to control the planet in order to achieve 
the irrational exploitation of its resources. This arrogance has 
unleashed the inevitable: overexploitation of nature, excessive 
consumption, deforestation, pollution, climate change...

Now in the early 21st century, we are experiencing an age of great 
and unprecedented transformations: doubtless the one that will have 
the greatest long-term impact and relevance is environmental decay. We 
face not only mass extinction of species, but the loss of the necessary 
environmental conditions for the continuity of life as we know it.

Today, our global priority must be the conservation of life on this 
planet. Achieving this will require the participation of all sectors of 
human society and every individual to create a new culture. But only 
by trading in unlimited exploitation for the rational, sustainable, and 
cooperative use of resources will the web of life continue to weave itself.

It is our desire that reading these texts and viewing the beauty 
of mountains depicted here will awaken in the reader the respect 
for and desire to contribute to the conservation and care, not only of 
mountains, but of the environment that generates the conditions for 
our survival as a whole.

The epilogue is simple: everything we do to the environment, 
we do to ourselves. Now is the time to act. Let us establish a new 
and healthy long-term relationship with nature in order to sustain the 
web of life on Earth.

prólogo
Antonio Vizcaíno / América Natural
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While observing its grandeur, we feel our own anatomy: the mountain cannot be won  
with small steps, with short legs. It is unattainable for fragile lungs.  
Surpassing narrow fields of vision, it lies immense within our miniature hearts.

sacred mountain   p. 12

Within this context, as we have seen, tropical glaciers will be particularly vulnerable  
and may therefore disappear over the course of the 21st century.   

Exactly when will this take place? At this point, no one knows.

mountains and glaciers   p. 32

La  tiempos. 

mountain origins   p. 16

The beauty of the mountainous landscape and our comprehension of its role  
in the equilibrium of ecosystems and social wellbeing is our strength,  

motivating conservation under new global scenarios.

mountains and climate change   p. 38

Thus, solely as the result of geographic location and dominant wind patterns, the mountains of the 
New World enclose dry, deciduous rainforests, yunga forests composed of clouds, groves of oak and 
mountain pine, dry forests of nut pines, maguey fields, and deserts. At distances of less than one 
hundred kilometers, the cordilleras house more biotic and climatic regions than any European country.
mountain biodiversity   p. 20

Mountains create weather, collect snow, and birth rivers.  
Mountains produce distinctive human cultures.  

Mountains form natural barriers that can isolate wildlife populations,  
thereby assisting evolution’s long dance.

mountain conservation   p. 42

Mountains have been called “the World’s Water Towers.”  
Mountains capture water from the atmosphere, seasonally store it as snow and ice,  
and release it to areas downstream.

mountains and water   p. 26

It is our desire that reading these texts and viewing the beauty of mountains depicted here  
will awaken in the reader the respect for and desire to contribute to the conservation and care,  

not only of mountains, but of the environment that generates the conditions for life.

photography   p. 49
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Seeing mountains
We contemplate mountain peaks in stillness, with primeval 
amazement.  The stupor caused by all summits is rooted deep within 
an awareness of ourselves. It is a matter of proportion. The body 
itself, matrix of the basic coordinates of the human imagination, 
is what throws caution to the wind when confronted by the 
incomprehensible existence of a brutal mass. While observing 
its grandeur, we feel our own anatomy: the mountain cannot be 
won with small steps, with short legs. It is unattainable for fragile 
lungs. Surpassing narrow fields of vision, it lies immense within our 
miniature hearts. “I wept at the humiliation of mountains, saddened 
by the exaltation of sands...” a pre-Hispanic canto says. A mountain is 
something that is hard to believe. Its presence bewilders and intrigues 
us: there is a disturbing vibration, an attraction that whispers. Its 
shadow is not extinguished at dusk; it filters through the silence and 
touches our dreams. Its heights are a magnet that attracts our souls.

The mountain is stillness, we are movement. The mountain is 
steadfast, we are unstable. It is certainty, we are doubt. Before its 
strength our fragility reacts: “The worth of human beings, individuals, 
must be defended from the potency of the mass,” Gao Xingjian 
writes in Soul Mountain. This is how the peak transforms anxiety into 
longing; this is how its outline blankets the silhouette of humanity. 
Mountaintops make our minds grow: their solidity congeals us from 
within; we are concentrated. Corn plants were originally hidden 
among Mexican sierras. Various powerful deities tried to separate 
mountains in order to gain access to this staple food, but their efforts 
were in vain. Until Quetzalcóatl transformed himself into an ant and, 
not without difficulty, climbed up to the obscure spot. Between his 
mandibles he brought back a grain that the Aztecs were finally able 
to plant, making this their staple food. It is said that the strength 
they later used to build their cities and temples can be attributed to 
corn, a treasure hidden behind inaccessible slopes. The mountain is 
a lesson, it is both physical demand and spiritual challenge. Before its 
majesty, we become nobler.

The mountain embodies many dualities: it is close to the sky and 
at the same sustained by the underworld, according to the beliefs 
of most Mesoamerican pre-Colombian societies that formed part 
of Olmec culture as it developed in Tabasco, Veracruz, and Morelos. 
These ancient artisans sculpted sacred pieces from the material 
extracted from the rocky masses surrounding their settlements. They 
knew that their hands were touching infinity, thus materializing an 
aura of divinity in the stones they carved. The mountain is a massive 

presence, absolute in its visibility, but it is also a guardian of mysteries. 
It conceals what lies beyond, while at the same time, conceding a 
horizon. “One sees great things from the valley; only small things 
from the peak.” Chesterton affirmed. The mountain rises with the 
Earth, but surrenders to the empire of celestial machinery.

Moving mountains in order to inhabit them
Imagine the amazement of early human beings before this vigilant 
immensity. Their first impulse was to worship mountains all the better 
to fear them. “It is the sun that slits its throat above mountains at 
dawn,” warns Vicente Huidobro in his poem, Night and Day. The Inca 
called them Apo, thereby transforming lofty summits into deities.

It is hardly necessary here to mention pyramids; the first large-
scale constructions of our most ancient civilizations. The mountain 
is an axis of the Universe: the Sumerians built zigurats, temples 
whose name means “the mountain of god.” The mountain is both 
a convergence of cardinal points and their center. If we understand 
it as the node that summarizes the relationship between earth and 
sky, its substance necessarily attracts us: we must make it ours by 
representing it; by bringing it closer, as the ancient settlers of Mexico 
also did, manufacturing small mountains to scale, in miniature, 
in order to worship the spirits identified with fertility, rain, and 
earth. Because “great things are done when men and mountains 
meet,” as William Blake intuited. The mountain as metaphor of the 
world and symbol of initiation is materialized in the pyramid. The 
mountain-pyramid is the ship that transports us, the platform of 
mystic experience, the space where our relationship to divinity 
develops. “The Great Temple is a grand display of stone. From the 
mountains of basalt and porphyry fencing in the valley, vast bulks 
have been made to wander,” Alfonso Reyes explained in his Vision 
of Anáhuac. The Maya called the ornaments they used to decorate 
their pyramids witz: “sacred mountain” or “mountain face.” Prayers, 
rituals climb up their sides while bounty descends, compassion 
descends, and the universe once again articulates its system, setting 
the machinery of life in motion. In Chiapas today, people continue 
to worship Yumtzilob, god of the mountain. Pachamama, the most 
important deity of the pre-Hispanic world in South America, inhabits 
the Andean peaks where tribute is paid by piling up stones, apacheta 
altars that the Mountain shepherds use as offerings to ask that both 
their voyage and their animals be protected. In this coming and 
going between the earthly and the divine, lessons also descend, 
while human longing rises.

sacred mountain
Carla Faesler
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were getting less.  They then climbed up to the crater, which was 
very round and wide and about a mile and a half across. From the 
summit they could see the city of Mexico and the whole lake, and 
all the towns on its shores. The volcano is about eighteen or twenty 
miles from Mexico. Ordaz was delighted and astonished with the 
view of Mexico and its cities. After gazing at them for some time he 
went back to Tlaxcala with his companions...”  

Similar events involving visions and amazement were also 
experienced in the southern American continent years later when 
figures like the conquistador Francisco Pizarro and his men explored 
the infinite slopes of the Andes just before the consolidation of the 
conquest of Peru, circa 1532, as related in the chronicles of Francisco 
de Jerez. On their way to meet Atahualpa—the thirteenth and final 
governor of Inca culture—the Spaniards voyaged long distances 
through snow and stone, marveling, in the midst of their weariness, 
at the heights and hallucinating at the flight of the condors, those 
enormous, black birds of ferocious appetites, a shimmering array like 
an obsidian mirror they had never before seen.

Love and Mountains
Let us imagine love in the Andes, invincible as the warrior Tupac 
Canquí, passionate as the ñusta Aclla.  An impossible union for 
a priestess of one of the most important Inca temples; just as 
impossible for them to be apart. So they ran away and lived together, 
but were never able to counteract the spells that pursued them for 
having transgressed her sacred vows. She died, and was buried by 
her husband in the high peaks. Soon after, her grave site began to 
flower in the rocks as the rhodocrosites or red mineral formations 
that we can still see today as a natural wonder that reminds us of her 
suffering.

Thousands of miles north in Mexico, right where we have 
already seen Spanish armor and weapons crossing toward the 
Great Tenochtitlán, someone may have told the story of what had 
already happened there at the beginning of time or in the collective 
imagination. There, perhaps someone narrated how under their feet 
palpitated the hearts of two mythic lovers now covered with tears 
and stone, bathed in snow and lava. Because we know that there 
lay the protagonists of one of the most moving legends ever to 
explain to us the reason behind mountains. For only a great love can 
make the earth grow, mobilizing tectonic plates until the magma 
of the Earth appears. Only the most intense of human sentiments 
could have created the beauty of that spectacle that speaks to us 

of war, death, passion, hope, adoration, eternity. Although there are 
several versions, we know that the warrior and the princess fell in 
love. It might have been the son of Tonatiuh, the young Izcozahqui, 
who lived with his father in the thirteenth heaven of the Aztecs. The 
young man wanted to visit the gardens of Tonacatecuhtli and his 
father gave him permission. There he became enamored of a damsel 
who emerged from a great lake dressed in silver, her garments 
glowing far more than the moon at its zenith. They decide to go and 
visit Earth, but this was forbidden to them. Due to her disobedience, 
she falls ill and dies. And he is left postrated with grief, watching 
over her until she awakens again. He may also have been a warrior 
who fell in love with the beautiful princess who was the daughter of 
Tezozomoc, governor of the Tepanecas of Azcapotzalco. His chieftain 
father asks the young man to go to war and promises his daughter’s 
hand if he wins a victory. But when he learns that the young warrior 
is on his way back in triumph, he decides, as a jealous father, to 
deceive his daughter and tell her that her beloved has fallen in battle. 
Broken-hearted, her hopes dashed, she dies from sadness and, in 
turn, the warrior languishes and perishes from her absence. It might 
have been that the gods, moved by their story, transformed them 
into mountains and covered them with meadows and snow. It might 
also have been that he lifted up the form of the woman who was the 
object of his passion and went off into the landscape until he was 
able to lay her down on a field of warm flowers that tempered the 
cold grimace of her death and remained at her side vigilant, watching 
over her sleep until he was covered, next to her, by the beautiful 
compassion of Nature. 

Nothing like love for mountains to understand the mountain of 
love within us, to receive its bounty, to gain access to spaces that its 
solid mass has placed within our reach. The silhouettes that stand 
out against the sky were also the imaginary space in which Pablo 
Neruda composed a beautiful poem with which we can end this 
spiritual, historical, and sensorial ascent, one that will keep us up at 
the summit, peak, vertex, point, zenith, cusp, or crest for a long time, 
because the mountain is tantamount to the words that name its 
essence, no less: acme, culmination, superiority, apex.

Through mountains you go as the breeze comes
or as the brusque current that descends from snows
or perhaps your palpitating tresses confirm
in thickness the lofty ornaments of the sun.

All around the world there are sacred mountains as mythic as 
Olympus, residence of the gods in Greece, or as mystical as those 
that rise up in China and for millennia have protected the Taoist 
and Buddhist temples, centers of spiritual discipline and initiation. 
According to Tibetans, Mount Meru is the umbilical center of the world 
manifested in the mountain Kailash, around which all else is generated. 
This place shelters the Vedas and all their knowledge. It is the place 
where Shiva and Parvati dwell, according to the Hindi, and where the 
last prophet of the Jain Indian religion became enlightened. It is no 
coincidence that in the Judeo-Christian tradition, a mountain is where 
the transfiguration of Jesus takes place: there is a moment when his 
entire figure glows, wrapped in golden light as a show of glory before 
his disciples, thus finally convincing them of his divine nature. Such 
is the summit of Sinai, where the Biblical god speaks to Moses and 
conveys the Ten Commandments to him. Jesus also gives his well-
known sermon from a peak dictating the main principles of Christianity. 
Both prophets ascend in order to receive what they will deliver to 
those who await down below. The mountain as center of the universe, 
nucleus of the cosmos, is the highest place on Earth, a symbolic 
image of victory over divine will, of that which is unique, of that 
which the Universal Deluge failed to submerge. Uplifted emanation 
in thin air, our molecules react to the lightness of the atmosphere. 
“My father considered a walk among the mountains as the equivalent 
of churchgoing,” George Orwell tells us, a confession that recalls the 
experience of visiting Machu Picchu in the high Peruvian mountains 
of the Urubamba Valley, one of the most important religious centers 
on the planet. An astronomical observatory with temples of worship 
to the Sun and Moon, Machu Picchu evokes the power of altitude: a 
majestic clarity of spirit, a profound meditation on Nature. A shrine 
whose full-fledged brilliance tourism cannot diminish.

To think that we see mountains as both aspirations and obstacles, 
just like those early engineers and landscape architects who achieved 
marvels, encourages us to say, together with André Gide, “It’s extremely 
rare that a mountain be steep from all sides”, or to feel, as Saint Matthew 
noted in his Gospel, that faith, no matter how small, can move them. 
“The violets in the mountains have broken the rocks,” Tennessee 
Williams writes, and we think of the efforts of those human beings who 
have succeeded in scaling their peaks. As reference points, we measure 
ourselves in their volume. We adjust to the reverie of their heights. “Faith 
can move mountains; it’s true. Reason leaves them where they are; 
it’s better,” as Pierre Bourgault chose to put it with serene, ironic, and 
objective introspection, returning us to the ongoing irony of the reality 

of landscape. Like Mohammed who—at the turn of the 7th century—
waited three years for the reappearance of the archangel Gabriel, who 
had already manifested himself twice to him, the second time on a 
mountaintop. When the miracle failed to occur, he pronounced the 
well-known proverb, “if the mountain will not come to Mohammed, 
then Mohammed must go to the mountain,” and headed for the 
heights, brimming with confidence, where Gabriel awaited to tell him it 
was time to begin. By deciding to climb, to go out and elevate himself, 
he proved that he was already prepared to spread his message.

So it is that within the mystic tradition, the figure of the mountain 
hermit symbolizes introspection and meditation.  The ascetic signals 
solitude, distanced from all human vicinity as a means of spiritual 
elevation, open to the hidden teachings that are forbidden to the 
majority, entertained and distracted as we are by the mundane. The 
hermit appears for the first time in Arthurian tales as a wise figure, 
sometimes a knight with gentle manners who has abandoned 
armed glory in favor of serene isolation. The early Christian tradition 
recovered him in the form of monks, who chose the remoteness of 
silence, mystery, and reserve. 

Mountains See Everything
In his Vision of Anáhuac, Alfonso Reyes imagines that vibrant moment 
in the heights, “when, in an enviable hour of amazement, transposed 
the snow-capped volcanoes, the men of Cortez, ‘dust, sweat, 
and iron,’ peered over that orb of sonorousness and glow—that 
spacious circus of mountains.” Indeed, among the most exciting 
chronicles of life in Mexico is the History of the Conquest of New Spain 
by Bernal Díaz del Castillo, who narrates one of the most impressive 
moments experienced by those who came, when they found 
themselves on what we now know as “Cortez Pass.” At the foot of the 
Popocatépetl volcano, some of the Spaniards gazed at the mountain 
in stupor. Diego de Ordaz then decided to ascend the volcano, 
which was called “Popocatepeque,” accompanied by some of the 
expeditionaries and several inhabitants of “Guaxocingo.” But they 
hung back, fearful of unleashing the terrestrial fury, aware that such 
daring that could cost them their lives. Afterwards Bernal Díaz del 
Castillo writes that Ordaz would later tell them that he finally decided 
to continue climbing, albeit with just two of the Spanish soldiers. 
Until the volcano began to erupt fire, stones, and smoke, and that the 
earth entire trembled beneath their feet:

“...they stopped still, not daring to go forward for quite an hour, 
until they saw that the eruption was over and the smoke and ashes 
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Alexander von Humboldt climbed and descended the steep slopes 
of the Andes weighed down with instruments designed to estimate 
both local altitude and atmospheric properties: a mercury barometer, 
an entire battery of thermometers, a hygrometer, a cyanometer to 
measure the intensity of the color blue in the sky, and a small stove to 
calculate the temperature of water at its boiling point. He registered 
with great precision the borders of vegetation, the height of 
snowlines, rocks and minerals, and the diversity of plants and animals. 
Influenced by the scientific theories of French physicist Joseph 
Louis Gay-Lussac, whom he had met in Paris, Humboldt practiced 
on mountainsides of the Andes what experimental physicists were 
practicing in their laboratories back in Europe: the behavior of 
atmospheric gasses and the thermodynamics of air. Thus, he hoped 
to gain an understanding of the geographic distribution of living 
creatures and synthesize the growing science of plant geography 
through new findings in physics, chemistry, and thermodynamics. 

They climbed the perfect cone of the Cotopaxi Volcano south 
of Quito, scaled the summit of the Chimborazo, and mapped in 
great detail the vegetation of the high mountain moorlands and 
grasslands of the Ecuadorian Andes. They gathered quite a spread 
of useful plants on the slopes of the Quindiu in New Granada (today 
Colombia); analyzed the gaseous exhalations of the Turbaco Volcano, 
above the old Cartagena de Indias; walked along the slopes of the 
Cayambe Volcano; and were astounded by the perennial glaciers 
and snows that nourish the Andean valleys. In New Spain (today 
Mexico), their amazement was even greater: the rugged landscape 
of Mexico awakened profound reflections regarding the origins of 
life on Earth. Seeking explanations and measuring smokestacks, 
they scaled the Popocatépetl and Iztaccíhuatl; explored Cofre de 
Perote and the Peak of Orizaba; covered the terrain of the Jorullo 
Volcano and described, for the first time in science, the almost lunar 
landscapes of the Mexican badlands. 

From 1799 to 1804 they traveled across some of the most 
important mountains found in Mexico, Colombia, Venezuela, 
Ecuador, and Peru. Upon returning to Europe, while Bonpland 
feverishly wrote down descriptions and lists of the thousands of 
plants they had collected, Alexander Von Humboldt transferred 
his own scientific observations regarding mountains into three 
treatises of monumental importance: Views of the Cordilleras and 
Monuments of Indigenous Peoples of the Americas, the Essay on 
the Geography of Plants, and the Geographic and Physical Atlas 
of the Kingdom of New Spain. Thanks to the minute detail of his 

observations and rigor of the hypotheses analyzed therein, these are 
some of the most important studies to date about the environment 
and natural history of the American continent. The work of these 
two young explorers laid the foundation for what would later 
become the science of global ecology, opening gateways to a new 
understanding of the world as a predictable, explainable natural 
system. Modern biogeography and global ecology were born out of 
these mountaintop ascents, and raised from the field notes carefully 
written down on those jagged slopes.

Three decades later, on March 18, 1835, Charles Darwin initiated 
his crossing of the Andes mountain range from Santiago de Chile to 
Mendoza through Paso de Portillo. Just like Humboldt and Bonpland, 
the almost metaphysical dimension of the experience made his head 
spin from the start. Terraces of fallen stones made him see right away 
that at some moment in the remote past, these highland terraces, 
now over 3 000 meters in altitude, had once been at sea level. The 
noise made by these stones as they vibrated with the passage of 
water along the Maipú River put him into a deep state of reflection: 
“So it was with these stones; the ocean is their eternity, and each note 
of that wild music told of one more step towards their destiny.”

Like Humboldt and Bonpland, Darwin also noted with admiration 
that water boils at lower temperatures up in the Paso de Portillo 
heights than at sea level due to diminished atmospheric pressure. 
After having cooked them for several hours, the potatoes that he 
had brought along for dinner were still as hard as ever, he remarked 
with amazement and a touch of resignation, given the imminent 
outlook of going hungry. Less attracted than Humboldt by 
instruments of measurement, he based his experience on incredibly 
meticulous observations and impeccable reasoning. A worthy heir 
of the rationalism of Roger Bacon and William of Ockham, Darwin’s 
intellectual weapons were deduction and hypothesis. Darwin 
observed the transparency of air at great heights, the intense blue of 
the sky and the incredible visibility. He remarked how his food was 
dehydrated by dryness in the air; he took note of the mummification 
of dead animals and registered the accumulation of static electricity 
in this rarified atmosphere, devoid of all humidity. He marveled at 
how his flannel jacket and even the hair on dogs would emit sparks 
in the darkness, as if impregnated with phosphorus.

But perhaps his most important observation was made when 
he got to Mendoza: “I was much struck with the marked difference 
between the vegetation of these eastern valleys and those on the 
Chilian side: yet the climate, as well as the kind of soil, is nearly the 

mountain biodiversity
Exequiel Ezcurra

That Sylvan Music: On geography, explorers, plants, and mountains
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the trade winds dissipate their humidity during their ascent over 
the sierra and then descend hot and arid towards the central high 
plateau, thus creating some of the most spectacular deserts and dry 
thickets on the planet: the Atacama and Sechura deserts to the west 
of the great mountainous mass of the Andes; the Monte desert to the 
west of the Aconquija sierra; the Caatinga to the west of the Atlantic 
sierra of Bahía; and the arid Mexican central plateau and Valley of 
Tehuacán, to the west of the Sierra Madre Oriental. On the western 
side of the cordilleras between 25 degrees latitude both north and 
south, where the trade winds blow, there are no cloud forests; the 
vegetation of the moorlands and high plateaus becomes dry forests 
and thickets, finally giving rise to arid brush deserts rich in cactaceans.

Thus, solely as the result of geographic location and dominant 
wind patterns, the mountains of the New World enclose dry tropical 
forests, deciduous rainforests, yunga and cloud forests, groves of 
oak and mountain pine, dry forests of nut pines, maguey fields, 
and deserts. At distances of less than one hundred kilometers, 
the cordilleras house more biotic and climatic regions than any 
European country. 

Many slopes to the east of the mountains of Mexico bear 
cloud forests while the slopes on the other side—known as “rain 
shadows”—house deserts. The tropical Andes shelter an infinite 
number of dry valleys, like the region of Chiquitanía in Bolivia, the 
Calchaquíes Valleys in Argentina, the arid valleys of Peru, the Guajira 
coast in Venezuela, or the Táchira depression in Venezuela and 
Colombia. In a similar fashion, some of the most important desertic 
valleys in Mexico are situated within mountainous valleys, such as 
the Jaumave Valley in Tamaulipas, the Vizarrón Desert and Metztitlán 
Cliffs in Hidalgo, and the Tehuacán Valley in Puebla. Of these, the 
most important due to its size and biological diversity is the valley of 
Tehuacán, an originating center of cactaceans and agaves, a region 
immensely rich in plants that are drought-tolerant, and the zone with 
the most ancient remains of agriculture in Mexico. Separated from 
the great deserts of the north and south, these arid pockets have 
evolved over thousands of years in isolation and are true centers of 
endemism and biological richness.

 The mountains, gigantic givers of life, are also a source of its 
diversity and wealth. 

 
Lava Bridge
The continents are aboveground segments of large plates of the 
Earth’s crust, floating above the igneous magma that seethes deep 

within the planet. Moved by the forces of lava, they float aimlessly, 
like gigantic vessels of rock and mud. The continents, in fact, navigate 
over magma, but neither air nor water currents drive them; the motor 
behind this drift are the great thermonuclear reactions that take place 
inside the Earth, where it is agitated in whirls of nuclear fission.

Beneath the thin terrestrial crust, the hottest and, therefore, 
lightest magma rises to the surface. This ascending lava tends to 
concentrate along a global system of deep oceanic crests and, as it 
rises and penetrates through the cracks, it separates the crust from 
the seabed. Gradually, the emerging magma solidifies, forming a 
new oceanic floor that, in turn, is divided and pushed in opposite 
directions by more hot material rising to the surface from the boiling 
interior of the Earth. Hidden, secret, invisible but omnipresent, this 
system of oceanic crests is the deep force within the planet, the 
origin and motor of all landscapes. It moves immense plates of the 
Earth’s crust that are slowly displaced, separating from one another 
at a velocity of three to six centimeters per year. The continents move 
at the same pace, which is also incidentally the speed at which our 
fingernails grow. Compared to the ephemeral temporality of our 
existence, it seems like almost nothing; but in terms of the Earth’s 
lifespan, which has lasted over four billion years, this is vertiginous 
change.

And yet this crust cannot be created in the middle of our 
deepest oceans without being consumed somewhere else in the 
world. Along the edges where two plates converge, pushed by fault 
lines at the bottom of the ocean, one of these two plates must be 
submerged below the other. When an oceanic plate crashes into a 
continent, the lighter continental rock floats above the solidified lava 
on the marine bed and the ocean floor is forced to penetrate once 
again the red-hot interior of the planet. Under the tremendous force 
released by the convergence of two plates, continents are deformed 
and great mountain chains grow near their borders.

Driven by the oceanic crest of the Atlantic, the American 
continent has advanced on the floor of the Pacific Ocean for billions 
of years, creating in the process the deep abyssal cavity along 
our western coast. The force of this impulse has also formed an 
immense fold that runs parallel to the western coastline, from north 
to south, like a planetary wrinkle: the Andean range in the southern 
hemisphere and the Sierra Madre Occidental in the north. Composed 
mostly of igneous materials like lava and granite, this majestic range 
bears mute witness to the colossal forces emerging from the depths 
of the Earth.

same (...) This fact is in perfect accordance with the geological history 
of the Andes; for these mountains have existed as a great barrier 
since the present races of animals have appeared; and therefore, 
unless we suppose the same species to have been created in 
two different places, we ought not to expect any closer similarity 
between the organic beings on the opposite sides of the Andes than 
on the opposite shores of the ocean.” 

The marvelous experience of crossing the Andes led Darwin 
to describe, in the stroke of a pen, one of the most important 
mechanisms in biological evolution: the isolation of species induced 
by geographic barriers and their effect on the divergent evolution of 
living beings. Charles Darwin crossed the cordillera on his way back 
to Chile with a clear, powerful idea in mind that decades later, would 
become one of his main arguments in On the Origin of Species: that 
great geographic barriers had existed before current species, and 
that their influence on the diversity of the natural world is visible and 
notorious. Thus, during his crossing of the Andes mountain range, 
the intellectual seeds of the Theory of Evolution were already sown in 
the young naturalist’s mind.

The Earth’s Skin
As Humboldt was able to discern, the intricate ecosystems of the 
mountains are maintained through one of the simplest—and at 
the same time, one of the most powerful—mechanisms of the 
natural world: the physical behavior of air. Like any gas, air cools 
upon decompressing and heats upon compressing. On the Earth’s 
surface, air loses barometric pressure while rising. It decompresses 
and cools at a rate—known as the adiabatic gradient—of 10°C for 
every thousand meters when the air is dry, or 6°C in an atmosphere 
saturated with humidity. Therefore, on a mountain measuring  
4 000 meters in altitude, the air at the summit will be around  
20-40°C colder than at the base; this is the same difference in mean 
temperature that exists at sea level between tropics and tundra.

The scientists of the 19th century clearly understood this and 
enunciated it in one of the first laws of biogeography: “Altitude 
reproduces latitude.” As far as the science of ecology is concerned, 
this phrase is practically a cliché, given that the vegetation floors on 
the mountains of the American continent—from low-lying rainforests 
to high, barren plains—repeat on a smaller scale the great climatic 
changes imposed by latitude, from equatorial rainforests to polar 
tundra or Antarctic vegetation. 

It is precisely these differences in atmospheric pressure and 
temperature that allow the survival of cold climate vegetation in 
the heights of tropical mountains. Just as Humboldt understood it, 
atmospheric physics are responsible for the marvelous biological 
wealth of the cordilleras and the surprising ecosystems that survive in 
isolation on their highest summits and slopes.

 
While the lowlands can reach up to thirty degrees Celsius in the 
tropics, the highest mountains may register temperatures as low as 
thirty below zero. Due to this dramatic range of temperature, the 
glaciers of the Andes are maintained, regulating the hydrological 
cycle of Amazonia as a whole. Phantasmagorical cloud forests 
replete with orchids and vines are nourished with water thanks to 
the condensation of atmospheric humidity as it climbs the mountain 
slopes. The physics of air maintains the vegetation floors that 
populate mountain ranges and tropical cordilleras and, thanks to 
these atmospheric complexes on sierras and mountains, a great deal 
of the planet’s ecosystems are sustained as well.

Wrinkled paper
Awestruck Spanish colonizers used the metaphor of “wrinkled 
paper” to describe the rugged landscape of the tropical valleys 
and mountains of Mesoamerica (Mexico and Central America). This 
turned out to be a fortunate comparison, because it is in fact these 
folds—these topographical wrinkles—that provide the region with its 
incredible natural diversity. Due to the heterogeneous landscape of 
sierras and mountains, some of the most rare and valuable portions of 
the biological treasures of the American tropics survive in these forests.

The Mesoamerican territory and South American tropics have 
a unique, privileged geographic location. As a result of the Earth’s 
rotation, winds are displaced in the tropics from east to west, thus 
arriving from the Orient to the coast of Tropical America as the same 
legendary trade winds that brought the Spanish ships full of sail from 
the Canary Islands all the way to the Caribbean Sea. Upon reaching 
the Sierra Madre Oriental, the coastal sierras of Brazil, and the 
Equatorial Andes, air masses heavy with water vapor from the tropical 
ocean rise, are cooled by the altitude and deposit their humidity in 
the form of fog and rain along the mountain slopes, on masses of 
trees and arborescent ferns within the cloud forests. 

In contrast, on the other side of the sierra, winds are dry when 
they descend. Like an immense conveyor belt of water and energy, 
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Despite having described this phenomenon since the 19th 
century, one question remained hanging in the air for a long time: if 
in effect the climate was colder in the past, what was the mechanism 
and cause of this climatic change? How did boreal species reach 
the mountains of Mexico? How could firs, for example, reach the 
Transverse Volcanic Axis at the center of the Republic or the Zapotec 
sierra—to mention only two examples—if their seeds were not 
scattered by birds, and are incapable of traveling long distances 
blown by the wind?

The answer was deduced by science just recently: the Earth spins 
and while doing so, its axis wobbles slightly, just like that of a top, in 
a cyclical to and fro with a periodicity lasting hundreds of thousands 
of years. Sometimes the terrestrial axis is more heavily tilted over the 
plane of the orbit, and at others, it is more vertical. When the second 
is true, the poles receive less solar radiation and the polar icecaps 
grow out of proportion; great masses of ice advance from the Arctic 
over the boreal regions, covering the valleys with great glaciers. 
The earth freezes at high latitudes, and the boreal forests gradually 
descend towards the south. An Ice Age begins.

This phenomenon has taken place intermittently over millions 
of years. Time and time again, the Earth has cooled and warmed, 
alternating between icy periods known as “glaciations,” and more 
temperate interglacial periods. For millions of years, every time 
a glaciation occurs, the cold forests have descended from their 
northern latitudes into the tropics. Temperate species such as 
fresnos, walnuts, elms, maples, oaks, pines, firs, and alders descended 
toward the south along the slopes of mountain corridors until 
reaching central and southern Mexico. In South America, araucarias, 
cypresses, and podocarpus evergreens also advanced toward 
the Equator. When the ice withdrew, they gradually returned to 
their colder latitudes, but some individuals took refuge on the 
summits of mountains, where they encountered a propitious 
climate for metabolisms adapted to lower temperatures. Gradually, 
the mountains of Mexico were covered with pines, oaks, and 
firs, becoming true biological islands in a temperate climate, 
surrounded by a sea of tierras calientes; the yungas gradually 
developed, populating the Bolivian slopes with pines and cypresses; 
and the araucarias remained, like a memory from the past, in the 
mountainous heights of southern Brazil.

Thanks to this process of evolution in reclusion, two great 
biogeographic realms coexist today in the Mexican mountains; 
in the highest zones, nearctic temperate vegetation of boreal 

origin, and in the lowlands, neotropical life forms that are mostly 
equatorial in origin. 

And despite the passage of millions of years, the mountains 
maintain a biological memory of their evolutionary origin. In the 
highest parts, dry and cold, the dominant vegetation proceeds 
fundamentally from chaparrals of pines, oaks, dasylirions, cypresses, 
manzanita shrubs and arbutus, and dry forests of pines and oaks 
like those found, farther north, in Colorado or New Mexico. In the 
more humid zones, the relicts of temperate forests survive bearing 
new garb: that of mesophilus mountain forests or cloud forests, 
dominated by trees originating in the more humid northern 
continent: oak (Quercus), sycamore (Liquidambar), beech (Fagus) 
and maple (Acer). In the Mexican cloud forest, however, these trees 
have lost the harshness of their boreal origins and coexist with an 
abundant, eye-catching flora of tropical origin, including diverse 
epiphytes (mosses, lichens, ferns, orchids, and bromeliads) that have 
found shelter in their branches. In the cloud forest, the tropics and 
poles meet, blend, and form associations in a fascinating ecosystem 
that synthesizes the evolutionary history of North America.

Thanks to this encounter between two kingdoms with 
completely different evolutionary histories, the Mexican forests are 
currently vast reserves of biological wealth; areas where a great 
deal of the most endangered species of Mexico and the planet 
remain. Like castaways from another era, or survivors from the past, 
the remnants of ancient glacial flora subsist, having found refuge 
in mountains surrounded by tropical plains. They form a fragile 
archipelago of biodiversity.

Without the geographically heterogeneous landscapes that 
mountains bring, none of these surprising ecosystems could exist, 
and monotony would have taken over the earth. 

Humboldt and Darwin understood this perfectly well... 

On the other side of the continent, another mountain chain emerged 
from the ancient floodplains millions of years ago, also driven by 
the Earth’s tectonic forces. Sharing the same elevation, and just as 
imposing as its sister to the west, the Sierra Madre Oriental cannot 
conceal its marine origins: rich in seabed sediments, calcarean 
mantles and fossil remains are predominant in these mountains. And 
to the same degree that the colossal forces of planetary tectonics 
forced these chains upwards, the plains between them were likewise 
elevated, forming a gigantic central plateau that begins in New 
Mexico and ends in the valleys of Oaxaca. In an almost identical 
fashion, the coastal sierra of Brazil arose from the tectonic elevation of 
an ancient shield of crystalline, Precambrian rock that today enriches 
the region with its astounding crystallized minerals.

While the bas-relief of North and South America were gradually 
being formed, the forces of continental drift brought them together 
little by little. Around 60 million years ago, the Equatorial current 
crossed our southern coasts, and South America was located 
approximately two thousand kilometers away. Each continent 
evolved in complete isolation, developing its own species according 
to the characteristics of the organisms that colonized them.

But around fifteen million years ago, the forces of tectonic expansion 
in the Pacific and Atlantic collided, pushing their floors against 
each other and slowly elevating the zone of impact. As a result, the 
fractures created new tectonic plates that formed the arc of the 
Antilles Islands, triggering the eruption of volcanoes located along 
the underwater fault between the two great continents. The islands 
produced by these eruptions closed the isthmus little by little with 
their own sediment. Approximately five million years ago, birds and 
currents began to regularly transport seeds and animals. Leaping 
from one island to the next, the forests of Amazonia began to 
reach Mexico, and Mexican flora began to colonize South America. 
Rainforest plants like cocoa and sapodilla arrived in Mexico, and 
species of flora from North America, such as pine trees, copal trees or 
maguey plants were propagated toward the south.

Scientist call those plants whose site of evolutionary origin is North 
America, i.e. the boreal regions of the New World, “nearctic flora;” 
and the set of vegetable species originating in the tropics of South 
America, i.e. the tropical regions of the New World, “neotropical flora.” 
Once the Central American isthmus was joined and the encounter 

between both continents took place, nearctic flora advanced toward 
the south across colder ecosystems, in the high mountains, while 
neotropical flora gradually grew northward along the lowlands 
and coastal plains, where the absence of cold and frost allowed it 
to survive. Both ecosystems were able to coexist adjacently in the 
mountains of Mexico, giving rise to the spectacular wealth of the 
ecosystems of Mesoamerica.

Around three million years ago, the isthmus of Central America 
finished closing. Blocked by this continental barrier, the equatorial 
current turned northward, giving rise to the Gulf Stream. Once the 
land bridge was complete, what is known as the “great American 
exchange” could begin: across the isthmus, just like the birds and 
seeds a few million years earlier, the fauna of North America migrated 
south, and that of South America, north. Foxes, bears, raccoons, 
mastodons, tapirs, peccaries, deer, panthers, and other great felines 
went south, while glyptodons, armadillos, opossums and megatheres 
invaded the territory of Mexico and North America. Some became 
extinct in their native environs: for example, the camelids, originally 
from North America, still survive in South America in the shape of 
llamas, guanacos, and vicunas.

This exchange marked the character of Mexico forever as a bridge 
between ecosystems, a place of immense diversity in its tropical 
jungles and temperate forests, dry deserts and misty mountains, 
coasts and high plateaus where a true spectacle of diversity is found, 
in an explosion of forms, histories, adaptations, and origins of life.

Shipwrecked in Mid-air
In the low-lying regions of the Mexican sierras, we find tierra caliente 
or hot land, so called because of its tropical vegetation. In the 
highlands, on the other hand, reigns temperate vegetation of conifers 
and oaks similar to those growing in the United States and Canada. 
In evolutionary terms, the species of tierra caliente originated in the 
tropics of Mesoamerica, while those found in colder lands come from 
the boreal regions in the northern continent. 

The interpretation of this phenomenon allowed researchers 
from the 19th century to elucidate for the first time regarding great 
climatic changes in the past, having realized that, for boreal forests 
to reach the mountains of Mexico at some point, there must have 
been a colder period when temperate vegetation advanced into the 
tropical lowlands, temporarily replacing rainforests there. 
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Mountains have been called “the World’s Water Towers.” Mountains 
capture water from the atmosphere, seasonally store it as snow and 
ice, and release it to areas downstream. Mountain waters are used 
for drinking water, agriculture, industry and domestic uses, power, 
and sustaining the natural environment. Snow and snowmelt, in the 
form of thrilling rapids and bubbling trout streams, provide recreation 
and support a vibrant tourist-based economy in many parts of the 
world. Climate change threatens to disrupt these functions and 
benefits, causing profound impacts to the ecosystems and human 
populations that rely on water from the mountains.

Mountains are a fundamental player in the planet’s climate, 
affecting flows of air, capturing precipitation, and storing water. 
Globally, mountains receive twice as much precipitation as similarly 
situated lowland regions, largely because of something known 
as the orographic effect. In essence, air rising up over mountains 
compresses and cools, causing atmospheric water to condense 
and fall as precipitation. The opposite effect occurs downwind of 
mountains, where air expands, warms, and dries, leaving a “rain 
shadow.” In many areas, such as the Cascade mountain range in the 
northwest of the United States, the sharp relief of coastal ranges 
captures moisture from air that had blown across the ocean. These 
coastal ranges can receive very heavy precipitation—more than 350 
cm per year in some parts of the Cascades. Yet immediately east of 
the Cascade Range lies a high desert that receives less than 25 cm of 
annual precipitation.

The very heights of the mountains that inspire us are the source 
of their ability to collect and store so much of the world’s water. 
Because temperatures cool at higher elevations and because cooler 
temperatures mean lower evaporation rates and lower demand for 
water by vegetation, more of the precipitation that falls on mountains 
runs off into streams or percolates into the ground than does the 
same amount of precipitation at lower elevations. In temperate 
regions and at very high elevations in the tropics, precipitation 
in the mountains can fall as snow, where it may accumulate into 
glaciers or melt later in the season. Cooler temperatures also mean 
that accumulated snow lasts longer on the ground than it does at 
lower elevations, providing free natural water storage. The value of 
this natural storage is immeasurable, demonstrated by the attention 
water managers in California and Arizona and other parts of the 
American West pay to monthly snowpack reports. In California, the 
snowpack in the Sierra Nevada mountain range supplies one-third of 
the state’s total water demand.

Every major river in the world starts in the mountains. The total 
amount of water flowing out of the mountains has been estimated 
at one-third to more than one-half of the total volume of water 
flowing in all of the world’s rivers. In arid and semi-arid regions, 
mountains contribute at least half, and sometimes—as with the 
Nile—more than 90 percent of total river flow. The Colorado River, in 
the arid American Southwest, is another desert river where almost 
the entire flow of the river originates in the mountains—in this case 
the mighty Rocky Mountains. By one account, nearly 80 percent of 
the Colorado River’s water comes from only 20 percent of the land 
area of the basin, from areas that lie above 2 400 meters in elevation. 
These mountain-fed desert rivers are especially vital ribbons of 
life, permitting agriculture and thriving civilizations that otherwise 
could not exist there. For example, Cairo—founded more than one 
thousand years ago—only gets about 2.5 cm of rain a year, yet 
almost 17 million people live in its greater metro area. Without the 
mountain-fed waters of the Nile to sustain it, Cairo, and the great 
Egyptian civilization that developed thousands of years ago along 
the banks of the Nile, would not exist.

Long mountain ranges form the backbones of many continents, 
defining watersheds and determining the fate of the snow and 
rain that falls upon them. The Rocky Mountains are part of the 
backbone of the Americas, a series of mountain ranges that extends 
from the Arctic Ocean to Tierra del Fuego, including Mexico’s Sierra 
Madre Occidental and the South American Andes. This Great Divide 
separates water flowing into the Pacific Ocean from that ultimately 
flowing into the Atlantic and Arctic Oceans. Two drops of rain may 
fall but centimeters apart in the northern Rocky Mountains, but 
the western drop could run into the Columbia River and eventually 
flow some 2 000 kilometers into the Pacific Ocean. The eastern 
drop, meanwhile, could help form the headwaters of the Missouri 
River, run more than 3 700 kilometers into the mighty Mississippi 
River, and eventually flow into the Gulf of Mexico and the Atlantic 
Ocean, ultimately separated by more than 3 400 kilometers from that 
western raindrop. 

The flow of most mountain streams is not measured—stream 
gauges are expensive to install and maintain, especially in remote 
mountain areas. Estimates of total global flows are generally 
extrapolated from areas with extensive monitoring networks, such 
as the Alps, the Sierra Nevada in California, and the Colorado River 
basin. However, mountain precipitation and runoff patterns vary 
widely across different regions—and even within the same region—

mountains and water
Michael J. Cohen and Peter H. Gleick
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Over millions of years, glaciers and moving water erode mountains, 
carving valleys and canyons, such as Mexico’s Copper Canyon and 
the Grand Canyon in the United States. Freeze/thaw cycles slowly 
pry rock away from their surroundings. Plant roots can penetrate 
the narrow cracks caused by these freeze/thaw cycles, gradually 
splintering the rock, which can fall down mountain slopes, to be 
carried away by mountain streams. Some mountain ranges, such as 
the Himalayas, are geologically young and still being formed. Other 
ranges, such as the Appalachians in the eastern United States, are ten 
times as old as the Himalayas and stopped growing some 250 million 
years ago. The jagged peaks and sharp relief of the young Himalayas 
contrasts markedly with the softer, rounded features of the older 
Appalachians, a testament to the power of water to sculpt and erode 
solid bedrock and change the landscape over time.

Rivers carry both water and sediments downstream. Mountain soils 
are often thin layers overlying impermeable rock, so water runs off 
them quickly. This high percentage of runoff relative to percolation, 
combined with steep slopes, means large volumes of water move 
rapidly along the surface. This fast-moving water picks up small 
particles that in turn dislodge larger and larger sediments, carried 
downstream to fall out in slow-moving reaches of the river. Such 
transported sediments help form rich, fertile bottomlands, developed 
for agriculture throughout the world. In other areas, such as the delta 
of the Colorado River, these transported sediments have filled deep 
ocean trenches—the uppermost portion of the Gulf of California 
now contains sediments that are almost two kilometers deep. In 
essence, it is the Grand Canyon in reverse, now developed into the 
very productive Coachella, Imperial, and Mexicali valleys.

In many areas, mountains replenish groundwater. Vegetation, 
be it sparse, wind-blown shrubs or tall forested slopes, slows the 
movement of water, allowing it to percolate into the soil. Alluvial fans 
form where fast-moving mountain water slows where it meets the 
more gradual slopes of the foothills and plains. This alluvium—the 
sediments that have washed off of the mountain—include coarse 
materials that allow water to seep into the ground, recharging 
aquifers. At lower elevations, this water may re-emerge as springs, 
generate baseflows that maintain streamflow during dry periods, or 
be pumped or extracted from wells, for agricultural and domestic 
purposes. Mountain water undoubtedly makes an important 
contribution to groundwater recharge, but since groundwater is even 

more difficult to measure and monitor than is surface water, the actual 
amount of mountain water that recharges aquifers is not known. 

Modern civilization has tamed the formerly wild rivers fed by our 
mountains. Irrigators, industry, and cities have built massive dams 
to capture and store peak flows, reducing the risks of downstream 
flooding and storing water in wet periods for use during dry ones. 
Worldwide, there are more than 40 000 dams higher than 15 
meters. Many of these dams generate electricity, taking advantage 
of water’s weight and the potential energy embedded in water 
at higher elevations. In some countries, such as Bhutan and Peru, 
electric power produced by mountain streams is the major source 
of energy. We have straightened river channels and armored the 
banks with rocks and concrete, constraining rivers and speeding 
flows downstream. We have built aqueducts hundreds and even 
thousands of kilometers long to move water from water-rich areas to 
areas in need, in some cases pumping water uphill using the energy 
generated by the same river. Through dams and canals and other 
diversions, we have taken water out of mountain-fed rivers, in some 
cases—such as the Colorado River—leaving no water at all in the 
channel for kilometers at a stretch.

These man-made systems have brought great benefits to 
many, but they also have brought unanticipated costs. Aquatic 
ecosystems have been dramatically altered, driving some species 
to extinction and threatening many more. Big dams capture 
sediments and nutrients that used to feed downstream floodplains 
and deltas. Large reservoirs lose tremendous amounts of water 
to evaporation. Intensive use and re-use of rivers and extensive 
pollution have degraded water quality, making many rivers and 
lakes little more than open sewers. Some rivers carry so many 
pollutants that they have created dead zones where they meet the 
ocean, reducing the productivity of ocean fisheries and depriving 
human coastal populations of food and employment. Overpumping 
of groundwater has drained lakes and wetlands and diminished 
streamflow; in some areas, overpumping has caused the very 
ground to sink, damaging property and destroying roads. Around 
the world, the diversion and depletion of mountain-fed streams 
and lakes has caused catastrophic environmental devastation. The 
Aral Sea offers the most dramatic example of the damage caused 
by over-depletion of the mountain-fed rivers, in this case the Amu 
Darya and Syr Darya: the Aral Sea’s surface area has declined by 
more than 75 percent and its volume by more than 90 percent 
over the past fifty years, exposing some 51 000 square kilometers 

due to differences in storm tracks, local humidity and evaporation, 
vegetation and soils, and levels of human and natural disturbance. 
Since direct sunlight plays a key role in determining evaporation 
rates, the direction a mountain slope faces (known as its “aspect”) 
greatly affects evaporation, vegetation, and runoff. These many 
differences combine to create a variety of mountain runoff patterns, 
and challenge efforts to estimate the total volume of water captured 
and released by mountains at a global scale.

Like water towers, mountains store water for future needs 
and distribute water over broad areas where local supplies 
may be insufficient. Especially in temperate regions, mountains 
distribute water over time, capturing precipitation as snowfall 
in the winter and releasing it as snowmelt in the spring and into 
the summer. As civilization has expanded, our societies have 
learned to take advantage of the hydrologic characteristics of our 
mountain regions—indeed, we are dependent on their benefits. In 
Mediterranean climates, spring and summer snowmelt releases come 
during the dry season, exactly when irrigation needs are greatest. In 
such areas, cities and irrigators carefully monitor mountain snowpack, 
to gauge their water supplies in the following year. These snowpacks 
are huge natural reservoirs that greatly exceed the capacity of any 
dam. Especially in the world’s arid and semi-arid regions, such as 
northwest Mexico, the American Southwest, much of Australia and 
China, and parts of North Africa and the Middle East, mountain-
fed rivers sustain agriculture, industry, and large populations that 
otherwise could not thrive there.

For undammed mountain-fed rivers in temperate regions, 
peak spring flows periodically (often two years out of three) cause 
streams to rise out of their banks, inundating the floodplain. This 
periodic flooding enables aquatic life to access the nutrients in the 
floodplain, leaches salts and other elements from the soil, triggers the 
germination of seeds of many riparian plants, recharges local aquifers, 
and slows the movement of the water itself. Floodwaters, flowing 
slowly across the floodplain, deposit sediments, renewing the soils 
and increasing their productivity. Less frequently, larger floods can 
scour river channels and tear vegetation from the banks, changing 
the course of the river itself and creating space for young plants to 
germinate and grow. In the humid Amazon basin, seasonal flooding 
occurs in response to the rainy season rather than to snowmelt from 
the Andes. The vast scale of the Amazon basin—more than seven 
million square kilometers—means tremendous variability in river flow 
and flooding patterns across the landscape.

In temperate regions, mountain snowmelt generates a peak flow 
in the spring. In many areas, as global climate has been changing, 
these peak flows now arrive two to three weeks earlier than they 
had historically. These changing flow patterns have disrupted 
river operations and reservoir management, as well as the natural 
ecological cycles. For example, many dam operators are required to 
create enough storage capacity in their reservoirs by a certain date, 
by releasing excess water through the dam, so that they have space 
to capture spring floods. When mountain runoff arrives earlier in 
the year, there may not be enough storage available in the reservoir, 
leading to larger releases from the dam and subsequent downstream 
flooding and destruction of property. These earlier peak flows also 
cause problems for the natural environment. Many riverside trees 
time the release of their seeds to coincide with peak spring floods, 
so that they can germinate in wetted soils; some aquatic species 
have adapted so that their young are born to take advantage of peak 
floods, and access nutrients in the floodplain. Consistently early peak 
flows can reduce the numbers of young plants and animals that 
reach maturity, causing long-term population declines.

Water appears in many forms in the mountains:  as snow and 
ice; as seasonal wetlands; as pools and lakes; as groundwater; and as 
streams moving across and down the mountain. Lakes and smaller 
pools have been documented at elevations as high as 6 390 meters; 
high mountain lakes and pools are found around the world, from 
Argentina to Iran, from Kenya to Tibet. Many of the highest lakes are 
found in volcano craters, such as Mexico’s Lake of the Sun and Lake of 
the Moon in the crater of the Nevado de Toluca volcano, and at the 
bases of retreating glaciers, where they are known as “moraine lakes.” 
Lake Titicaca, the world’s highest large lake, covers some 8 300 square 
kilometers in Peru and Bolivia, at an elevation of more than 3 800 
meters. Seasonal wetlands form in natural depressions, in response 
to rainfall or snowmelt, often creating lushly-vegetated swales in the 
mountains. Streams are naturally dynamic, scouring their channels, 
moving materials downstream, meandering laterally through softer 
soils. Mountain streams show great variability in shape and structure, 
ranging from waterfalls and the archetypal rushing torrents plunging 
almost vertically through rocky beds, to lazy meandering streams 
idling across high mountain meadows. The different shapes and sizes 
of mountain streams, lakes, and wetlands create a variety of habitats, 
attracting and sustaining many kinds of plants and animals. 

At the same time that mountains give rise to much of the world’s 
water, that same water slowly tears down the mountains themselves. 
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of former lakebed, generating toxic dust storms that have caused 
respiratory problems in surrounding communities. More than 200 
species of plants and animals have disappeared from the region.

Many mountain-fed rivers are international. The Amazon River 
starts as a glacial stream in Peru, some 5 600 meters above sea level, 
with major tributaries arising in the mountains of Bolivia, Colombia, 
and Ecuador; the basin as a whole includes eight countries. More 
than eighty percent of the Nile River’s flow comes from mountains 
in Ethiopia, but Egypt and Sudan claim most of this water through 
various treaties dating back more than a century. In all, the Nile basin 
includes ten countries. Many other international river basins have 
seen conflict and political tensions over how to manage shared 
waters, especially between the upstream, mountainous countries 
contributing most of the river’s flow and the downstream countries 
that have come to depend on those flows. As populations continue 
to grow and water supplies diminish due to climate change, political 
tension and conflict over water resources will rise.

We have reached the point where we are altering the planet’s 
climate itself, with profound and only partly understood implications 
for water and the very mountains themselves. As the Earth warms, 
there will be fundamental changes in the hydrologic cycle, in 
precipitation patterns, increased evaporation, snowfall and snowmelt 
in the mountains, losses of glaciers, complex impacts on downstream 
communities, and much more. Society is not ready for these changes, 
but they are coming fast, and as we look to the mountains for their 
beauty, their strength, and their water, we must also look to ourselves 
and ask what kind of world we want to live in. In the end, the 
mountains will endure.
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Snow-capped mountains, mythical figures  
according to the Andean worldview
Despite the fact that the retreat of glaciers has been quite visible for 
several decades in the Andean landscape, it still is not evident to the 
general population that this has identifiable physical causes that are 
climate-related. The animist tradition, still very much present in the 
mountain ranges occupied by the Inca long ago, position “snow-
capped peaks” (the term “glacier” is not used in daily speech) within 
the supernatural world. What we may consider to be “white deserts” 
are for many Andeans places actually occupied by ancestral divinities: 
achachillas in Bolivia, apus in Peru. Communities have always sought 
to gain their favor through rituals, worship, and offerings, including 
human sacrifices practiced throughout the Incan period. They 
implore these divinities to bestow upon them water and conditions 
that guarantee a good harvest, upon which their survival depends. 
These beliefs are still held today, as demonstrated by the shamanic 
practices related to mountains at sites that are, at times, very ancient. 
For example, the festival of Qoyllur-Rit’i is celebrated in Cuzco, near 
the Ausangate summit. This great magical-religious pilgrimage 
takes place each year in mid-June at the foot of the snow-capped 
Qolquepunco mountain; there, tens of thousands of indigenous 
people come together to pray and dance for three days, even on the 
glacier itself. Figures of mysterious origin, the ukucos (or “bears”), who 
cover their faces with ski masks, are in charge of gathering ice and 
transporting it to the valleys as a miraculous relic. When I asked one 
of them in 2004 why they had stopped doing so, given that I had 
seen it brought back in 2001, he answered that after observing the 
glacier was in retreat, they decided that it was sick, and that it would 
not be wise to aggravate its condition...

Glaciers, objects of scientific study in the Andes 
A glacier is a mass constituted of snow and ice that flows under 
the effect of its own weight, from elevated zones where it receives 
water solidified by the snows towards lower regions where it is lost 
by fusion. Glaciers are a natural phenomenon sensitive to successive 
atmospheric states; on one hand, solid precipitations that increase 
their mass and, on the other, energy flows exchanged within the 
atmosphere that tend to diminish it through fusion and sublimation. 
Sublimation is the process by which a solid is transformed into a 
gaseous state and can only be activated when the climate is cold, 
dry, and windy. In the case of ice, sublimation requires a lot of energy; 
eight times more than fusion, which transforms a solid into its liquid 

state.  Glaciers are like gigantic meteorological stations, because they 
register the climate. Their upper portion is an accumulation zone 
subject to snows, where the accumulation process is dominant; 
whereas their lower portion, where losses are more considerable, is 
the ablation zone. Between the two there is an equilibrium line, or 
limit where contributions and losses are balanced out. On the other 
hand, ice, like any other viscous and ductile body, flows downward 
due to gravity at a velocity that can vary from a few centimeters 
to several meters per day. This mechanism introduces a certain 
periodicity between the growth or diminishment of mass, triggered 
by the climate, and the advance or retreat of its lower end. The 
glacier brutally disappears at low altitudes whenever the quantity of 
ice descending from above is fully consumed by the effects of fusion.

In the Andes, the reconnaissance of snow-capped mountains 
dates back to 1740, when French scholars La Condamine, Bouguer, 
and Jussieu measured together with their Spanish counterparts 
the first three degrees of the Meridian below the Equator. The high 
mountains covered with snow were, for them, points of support for 
a trigonometric system; they measured their altitudes and registered 
the lowest areas covered by permafrost. Then, in 1802, Humboldt 
and Bonpland attempted to climb these summits in order to study 
how plants and animals adapted to the limitations of altitude, 
forming bio-geographic belts—but they were not particularly 
interested in glaciers as such. This would have to wait until Hans 
Meyer’s expedition to Ecuador in 1903, where glaciers were finally 
considered objects of scientific study; their retreat had already been 
observed in the final two decades of the 19th century when Edward 
Whymper, pioneer of Andeanism, completed in 1880 his ascent of 
the highest snow-capped volcanoes in Ecuador and completed 
precise illustrations of some of their glaciers.1 During the 1930s in 
Peru, and later on in the 1970s in Bolivia, Colombia, and Ecuador, the 
first precise maps of glaciers were completed, allowing us to study 
their fluctuations and supervise the dangerous lagoons left behind 
by their retreat. These lagoons constitute true hazards when they are 
suddenly emptied out—generally due to violent seismic events—
causing thousands of casualties, especially along the Cordillera Blanca 
of Peru.2

In the early 1980s, given the intensification of their retreat, 
glaciers became indicators of climate change and are now therefore 
being kept under close watch. They were also recognized as natural 
reservoirs of water, whose accelerated diminishment may affect 
hydrological basins, especially those where hydraulic resources are 
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Bernard Francou



34 35

dominated by anthropogenic effects, particularly atmospheric 
warming associated with polluting gases. Starting in the years 
1975-1980, tropical Andean glaciers entered a dramatic phase of 
retreat, an evolution that was possible to reconstruct with precision 
thanks to available photographs and images. Thus, studies carried 
out in Ecuador regarding the Cotopaxi, Antisana, and Chimborazo 
volcanoes, in the Cordillera Real of Bolivia, and in the Cordillera 
Blanca in Peru indicate 1976-1980 was a key period: the initiation of 
a strong glacial withdrawal that put an end to the period between 
1950 and 1976, which was marked by relative stability.6 Although 
reduction has been irregular and some years registered minor 
losses (for example 1999-2000 or 2008-2010), for most glaciers, the 
magnitude of the retreat over the three decades from 1976 to 2006 
has had no precedent since the height of the LIA: it is calculated that 
the loss, both in surface and in volume, of glaciers in the zone has 
reached 40 to 50 percent over the course of 30 years and reached 
up to 100 percent (total disappearance) in some cases, such as 
that of the Chacaltaya glacier in Bolivia. In terms of thickness, it is 
estimated that since 1976, glaciers have lost an average from 4 to 14 
m of water-equivalent per decade, which in the long run condemns 
glaciers of smaller size (less than one square kilometer) to inevitable 
disappearance, given that, due to their low altitude, they no longer 
possess zones of permanent accumulation.

Connecting glacial retreat to climate evolution: irreversible 
decadence, or just temporary withdrawal?
It is rather impressive to confirm that great homogeneity exists within 
the evolution of glacial balances over a broad region that extends 
over more than 20° in latitude from central Colombia to northern 
Bolivia, encompassing diverse climates with marked dry seasons 
(Bolivia, Peru) and without them (Ecuador, Colombia). The positive 
or negative years (that is to say, the years where the mass of glaciers 
increases or decreases) are synchronic from one place to the next. 
The glaciers in the region thus register the same climatic variability 
on a multi-year scale.

The origin of this variability lies in the tropical Pacific and, more 
specifically, in the anomalies of surface temperature in their central 
zone (El Niño Southern Oscillation). During years when El Niño 
presents itself (warm central Pacific) glaciers melt a lot, whereas 
during La Niña years (cold central Pacific), fusion diminishes.7 
Indeed, the Andean atmosphere is warmer (from 1°C to 3°C) in  
El Niño periods from all regions, and in some sectors—for example, 

in southern Colombia, south of Peru, and in northern Bolivia—it is 
drier; the combination of both factors increases fusion and its  
magnitude at altitudes of up to 5 400 meters. As warm events  
(El Niño) have increased in frequency and intensity from 1976 to 1998, 
they are considered to be largely responsible for the acceleration in 
the retreat of glaciers that took place during this period.

However, the evolution of glaciers and changes that occur in 
the climate cannot be related without questioning the physics of 
ablation processes identified through studies carried out by the IRD 
team in Bolivia at the Zongo glacier (16°S) and in Ecuador at glacier 
15 of Antisana (0°28S).8 Thanks to low latitude and high altitude, 
there is a large quantity of energy on the surface of a glacier that 
is radiative in origin, but the air temperature is not high enough to 
sustain efficient fusion. In fact, the low air density (the atmospheric 
column reaches 5 000 meters, half the air pressure at sea level) limits 
the warming of air and the transmission of heat to the icy surface. 
So that this radiative energy can actively melt the ice, it must first be 
absorbed by the surface of the glacier. For this to happen, the glacier 
needs to be of a different color than the white of recently fallen 
snow, which reflects 80 percent of the Sun’s light. Indeed, when the 
snow is dirty or when ice appears on the surface, the glacier absorbs 
up to 60-70 percent of the radiation in short waves. A great deal 
of this energy is destined for ice fusion. Within the current context 
of overheating climate, situations in which glaciers do not appear 
covered with white, reflecting snow at less than 5 400 – 5 200 meters  
have become increasingly frequent. This is due to a rise in 
atmospheric temperature, which enhances the probability that 
liquid precipitations or fusion temperatures (0°C) will be produced, 
even where precipitations used to be generally solid and “cold.” In 
certain regions, moreover, precipitations tend to diminish (chronic 
drought tendency), contributing to the same result. The rates of 
fusion are maximum when the glaciers, relatively unprotected by 
layers of reflecting snow, receive the maximum quantity of radiative 
input: these are the months of the equinox on the equator, or the 
months of austral summer in the vicinity of the tropics in Peru and 
Bolivia. The role of temperature in the fusion of glaciers within these 
tropical altitudinous environments is complex. The glaciers melt 
not so much because of direct heating from the atmosphere, but 
rather because their temperature surpasses the threshold at which 
precipitations pass from the solid to the liquid phase, thus reducing 
the possibility that snow cover can be maintained on the ground at 
low altitudes. Furthermore, the increase in temperature has another 

used for irrigation, hydroelectric generation, and the water supply 
of cities. By initiative of teams of diverse origin, various scientific 
programs were put in place, but only the IRD (Institut de Recherche 
pour le Développement) has built since 1991 a true permanent 
observatory of glaciers in cooperation with Andean institutions 
located between Bolivia and Ecuador, with outposts in Colombia 
and northern Chile. The methods used to study glaciers fall within 
the realm of geophysics and require the implementation of complex 
observation systems. The period of research covers the Little Ice 
Age (LIA, 14th – 19th centuries), and the retreat that has taken place 
thereafter up until the present. The analysis of aerial photographs 
and images taken by satellite allow us to reconstruct with great 
precision glacial fluctuations since the 1950s. In order to go further 
back in time, we must recur to geomorphological indicators like 
moraines, which are masses of detritus transported by glaciers and 
abandoned as barriers in their periphery.  We are able to date, using 
different methods, the date of deposit of these moraines, allowing 
us to reconstruct the surfaces occupied by the glaciers during a 
certain period.3 The diagnosis of the current “state of health” of 
glaciers is established on an annual, or even a monthly scale through 
mass balance measurements.4 Linking the increased loss of glacier 
mass to climate change is no easy task, and to do so the processes 
of accumulation and ablation of ice must be analyzed. Ablation, 
together with the effects of fusion and sublimation, constitutes the 
most complex variable, demanding full-fledged meteorological 
stations where the flows of energy exchanged among atmosphere 
and glacier surface can be measured. On the other hand, glacier area 
and longitude depend on the run-off of ice, whose characteristics 
(thickness, velocity) are the result of factors belonging to each 
glacier such as the slope and ruggedness of the rocky substrate. The 
geophysical study of glaciers demands costly devices and specialized 
equipment, reasons why it is limited to a few, carefully chosen 
examples, because these are representative of the cordilleras where 
they are located. Thus, the IRD and its counterparts “check up on” a 
dozen glaciers from Bolivia to Colombia.

The retreat of glaciers in the tropical Andes since the Little Ice Age 
and its acceleration over the past few decades 
The average temperature on the planet has varied over the course 
of the Quaternary (the past two million years) within a range of 5°C 
to 6°C, triggering a succession of glacial and interglacial periods. 
The main reason for these cyclic changes is well known; they 

originate in the complex mechanism of how our planet revolves 
around the Sun, its star. We know, from the study of sediment and 
ice accumulated in the Antarctic and Greenland that, over the past 
million years, a glaciation has taken place every ~100 000 years, 
followed by an interglacial period of ~10 000 years, or sometimes 
longer. Within these long orbital cycles other, minor cycles exist, such 
as those lasting 44 000 and 22 000 years. However, the temperature 
variations linked to solar activity are shorter—on a scale of centuries 
or decades—and the most significant do not surpass 2°C. Other 
factors may also intervene on a short-term scale, such as volcanic 
explosions of great magnitude that increase the opacity of the upper 
atmosphere to solar radiation, or internal mechanisms that form part 
of the climatic system that still have not been fully explained, such as 
for example El Niño phenomena. The last relatively cold episode was 
the LIA, which began at the end of the 13th century of the Christian 
era and ended during the second half of the 19th century. The 
reheating of the 20th century, which scientists associate by consensus 
with human activities, has exposed the sensitivity of our climate 
system to so-called additional greenhouse effect gases produced by 
the combustion of fossil fuels.

How do we manage to identify past glacial fluctuations?
From Bolivia to Ecuador, studies completed by the IRD team on 
moraines5 have allowed us to demonstrate that after the 10th-
12th centuries of our era, glaciers initiated a generalized forward 
movement that culminated between 1630 and 1730, considered 
to be the height of the LIA in the central Andes. It has been 
calculated that the temperature in the Andes dropped during this 
period ~1°C in comparison to the average temperature of the 20th 
century and that precipitations had increased by 30 percent in 
comparison to current levels. Both in the tropics and elsewhere, it 
is reasonable to think that the LIA could have been triggered by a 
notable diminishment in solar activity; in effect, from 1650 to 1715, 
a great reduction in sunspots known as the Maunder minimum 
was detected, thanks to observations made with the telescope 
recently perfected by Galileo. The spots tend to disappear when the 
Sun’s activity is at its lowest. Afterwards, the glaciers in the central 
Andes initiated a gradual retreat in the 18th century, interrupted 
only by certain minor advances during the 19th century. Diminished 
precipitation is what began deglaciation, while temperature elevation 
took over starting in the second half of the 19th century. By the 
second half of the 20th century, we find ourselves in a climate fully 



36 37

1986-1990 in the northern Atlantic (Alps, Arctic).  This time lag can be 
ascribed to regional oscillatory mechanisms such as El Niño Southern 
Oscillation (ENSO) and the North Atlantic Oscillation (NAO), which 
influence the distribution of precipitation in the tropical Pacific and 
north Atlantic, respectively. Thus, the glaciers of the tropical Andes 
retreated very quickly after 1976 due to a warm Pacific, but the 
Chilean glaciers between 33°S and the tropics experienced some 
episodes of growth during that same period due to an increase in 
precipitation. The glaciers of the American and Canadian West began 
to actively melt starting in 1976, but the glaciers of Alaska did so 
after 1988. Some masses even displayed atypical behavior, as is the 
case of New Zealand, with an almost generalized growth of glaciers 
from 1976 to 2000 thanks to a succession of El Niño phenomena 
that increased precipitation over the southern island. Similarly, 
glaciers in Norway registered a marked increase from 1988 to 2003, 
due to a positive NAO phase that contributed to increasing winter 
precipitation over all maritime masses in northern Europe. Then, 
starting in 2006, in contrast, the tendency to decrease seems to have 
become generalized in all mountain glaciers of the world, with rare 
exceptions.

In conclusion, it is a fact that atmospheric warming affects 
glaciers worldwide, but the variability of precipitation, which is 
considerable because it is subject to regional variables, makes some 
“noise” within a global “signal.”

If we make projections, most future models of general circulation 
simulate a warmer climate in the American cordilleras—with 
considerable nuances, depending on the scenario for retained 
greenhouse-effect gas emissions. The zones that will warm the 
most are those located at great altitudes in the tropics; in the 
southern hemisphere, in the vicinity of the Antarctic peninsula, and 
in the northern hemisphere north of 40°, particularly in the Arctic 
zone. Within this context, as we have seen, tropical glaciers will be 
particularly vulnerable and may therefore disappear over the course 
of the 21st century.  Exactly when will this take place? At this point, no 
one knows.
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physical consequence: it tends to increase the load of water vapor 
in the atmosphere, which favors fusion (a more efficient process in 
terms of making ice disappear) over sublimation. In glacial zones 
located at low altitudes with a strong maritime influence—such as 
the Ices of Patagonia and Tierra del Fuego, where glaciers reach sea 
level—fusion, on the other hand, is more related to atmospheric 
temperature and, in the case of wind-blown ice and snow that flows 
into the sea, with ocean temperature. 

There is little data available regarding temperature and 
precipitation in long, continuous series at over 4 000 m altitude over 
the past few decades. By extrapolation of measurements taken at 
stations based at low altitudes, it is estimated that the temperature 
has increased in 50 years from 0.6°C to 0.7°C in the central Andes.9 
There is greater uncertainty as far as precipitation is concerned, given 
that it is difficult to identify a clear trend on a regional level. There are, 
therefore, many reasons to think that the elevation of atmospheric 
temperature is the source of glacier reduction in the tropical Andes. 
Studies completed with the assistance of models show that tropical 
glaciers are very sensitive to temperature: on the Zongo glacier of 
Bolivia, for example, it is estimated that for each degree centigrade 
of temperature increase, the equilibrium line rises in altitude by 
150/200 m.10 According to these models, with equilibrium lines 
currently being measured between 5 100 m and 5 300 m, an increase 
in the order of 3°C would therefore be enough to trigger the almost 
complete disappearance of glaciers in this region of the Andes, given 
that there are few glacier surfaces that surpass 5 800 m. According 
to forecasts or climate models for the central Andes that have been 
carried out by various teams of climatologists, the temperature could 
increase or even surpass 3°C, if the scenarios of greenhouse-effect 
gas emissions continue to follow current trends. In this case, the 
presence of Andean glaciers will become residual; confined, in the 
best-case scenario, to the highest peaks. It is difficult to reasonably 
set a date for such an occurrence, given that there are too many 
unknowns subsisting both in terms of climate models and in terms of 
models that simulate the response of glaciers to climate variables.

Consequences for hydraulic resources: a complex diagnosis 
Glaciers are known for being water reservoirs. In the Andean regions 
subject to strong seasonal contrasts in precipitation (Peru, Bolivia), 
glaciers regulate the hydrological regime, melting and releasing 
water before the rainy season arrives. In dry years (for example, those 
with an El Niño presence in the Bolivian high plains), the deficit 

is even more tempered by melting. But a major concentration of 
glaciers is needed for the impact on hydrographic systems to be 
notable. This is the case within and at the exit of the cordilleras 
with the heaviest snowfalls, such as the Cordillera Blanca or the 
Cordillera Real, or on certain isolated glacial caps in southern Peru 
and Ecuador. In these basins, the release of ice over the past few 
decades has produced a substantial increase in flows, but this is 
temporary and will reverse itself once ice reserves reach a minimum 
level. Measurements have been taken in small basins located at 
great altitudes in the Cordillera Blanca that show that a great deal 
of the melted volume (35-60 percent) comes from the fusion of 
reserves of non-renewable ice. In a great Andean basin such as that 
of Santa, which drains the western part of the Cordillera Blanca, a 
notable percentage of the hydroelectricity of Peru is produced and 
a broad desertic region on the coast is irrigated. It is estimated that 
this proportion is on the average 10-20 percent, and that it increases 
(~40 percent) during the dry season.11 The water supply originating 
in the melting of glaciers for the city of La Paz, Bolivia, is currently 
15 percent, but it increases to 27 percent during the time of year in 
which precipitations become scarce.12 The diminishment of flows 
caused by the reduction of glaciers can only be currently observed in 
small basins at higher altitudes where glaciers are disappearing.

An evolution that affects cordilleras outside the tropics and many 
other mountain masses on the planet 
It is estimated that tropical glaciers could be more vulnerable than 
other mountain glaciers of the world to atmospheric warming 
given their particular characteristics, such as reduced size and the 
permanence of fusion throughout the year due to the absence of a 
winter season. A study carried out in 2007 by Francou and Vincent13 
and completed in 200914 regarding seventy-five mountain glaciers 
monitored in 16 regions around the world and present on all 
continents shows that the deficit of glaciers in Andean tropics over 
the past 30 years is important, but not exceptional when compared 
to that of the glaciers of Alaska, the western United States and 
Canada, or the Tien Shan, or the Alps. The glaciers with large zones 
of accumulation lost between 5 and 7 m of water per decade; those 
that have been reduced to zones of ablation lost twice as much 
and are on the verge of disappearing. When longer series of data 
(over 30 years) are available, it can be noted that the accelerated 
diminishment of glaciers occurred starting in 1978-1980 around the 
Pacific and Indian Oceans (the Americas, Africa, Asia) and starting in 
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Mountains are the most distinctive feature of Earth’s landscape. At 
first sight, their image helps us put our own scale into perspective; 
and at a distance, they give us the illusion that some places are still 
inaccessible to Man. Many of us are attracted to this remoteness of 
mountains, which makes us think that human action is incapable of 
altering their vast presence or their apparently immobile existence.

We know that the creation and modification of mountains 
fundamentally obeys slow geological changes or the movement of 
tectonic plates; but we also bear witness to the seasonal alterations 
that climate triggers in their morphology and their flora and 
mineral mantles.  In the archipelago of Hawaii we find the best 
example of this: trade winds clearly influence the craggy mountains 
on the northeastern islands that contribute the rain needed for 
the development of tropical rainforests, while the slopes facing 
south receive no humidity and are dominated by the brushland 
characteristic of semiarid zones. When mountains are created by 
volcanic eruptions, their birth is capable of upsetting the fragile 
equilibrium of the global environment. It is estimated that the 
Yellowstone Crater on the American continent, located on one of 
the first mountainous zones to be protected by its scenic beauty, 
has decisively affected on various occasions the composition of the 
atmosphere, causing mass extinctions and changing the natural 
evolution of species around the globe.

Climate change is, beyond a doubt, the most serious global 
threat faced by humanity today. It is true and also worrisome 
that many other urgent problems need solving, such as extreme 
poverty or the worldwide financial crisis. But the alteration 
of climatic conditions on the planet can destroy the natural 
foundation that sustains both our economic activities and the 
wellbeing we have attained as a civilization, putting at risk, 
moreover, the future of numerous fauna and flora species.

Now we begin to understand that even without being physically 
present, our society is capable of altering mountain landscapes, 
modifying the forest and rainforest ecosystems that blanket them, 
diminishing their glaciers or interrupting the life cycle of many 
species of flora and fauna that unobtrusively inhabit them. The 
release of toxic chemical substances, the emission of greenhouse 
gases and of black carbon particles, as well as the selective extraction 
of mineral and hydraulic resources, are some of the human alterations 

to the planet that are linked to mountains, sometimes inadvertently, 
and occasionally through abrupt processes of deliberate intervention 
in our natural surroundings.

Due to their elevation above sea level, mountains can keep clouds 
in check and attract rainfall to supply the broad territorial plains 
where our civilizations have flourished over the past 10 000 years 
with continuous humidity. But while only one-fourth of the Earth’s 
surface is covered with mountain ranges, just over a fifth of the 
world’s population live there. Those of us who reside near mountains 
understand their dynamic and geological metabolism, just as people 
who live on the coasts become familiar with the sea. We benefit 
from their landscapes, their runoffs, and their forests; but we also 
find ourselves affected whenever telluric or volcanic events arise, 
as well as when gradual or extraordinary changes take place in the 
meteorological conditions governing them.

The first signs of climate change have been scientifically observed 
and documented in mountains. The comparative photographs 
showing the withdrawal of glaciers in the Andean or Himalayan 
regions that have been so widely disseminated have become the 
unequivocal symbol of rising temperature and, therefore, of the 
alteration of the global hydrological cycle.

Today, at the United Nations Intergovernmental Panel on Climate 
Change (IPCC) we estimate that the average global temperature 
on our planet has risen more than half a degree Centigrade. 
We have already started to witness and fall prey to extreme 
meteorological phenomena with intensities seldom registered 
previously, as well as significant variations in precipitation as well 
as snow and ice cover on Earth.

Whether by direct experience or scientific inference, we know that 
the massive addition of gases and particles to the atmosphere affects 
life on our planet, particularly if this takes place abruptly or over 
short periods of time, impeding the adaptation of species to new 
climatic conditions. Such is the case of the mass disappearance of 
several species of amphibians such as harlequin frogs, which lived in 
the mountaintops of Costa Rica: the increase in sea temperature has 
modified the cloud pattern in the tropical forests of Central America, 
propitiating infectious outbreaks of fungi that attack the delicate skin 
of these frogs, causing in turn their demise.

mountains and  
climate change

Mario Molina
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Establishing sustainable development in each country, backed 
by low carbon intense economic growth, would be considerably 
cheaper for humanity than having to confront the severe impact 
that climate change will have upon all nations of the world.

In less than five years, the world population will reach seven billion, 
a figure three times higher than the one we had registered in 1950. 
Practically half of the Earth’s surface has been affected by human 
activities, and it would seem that the mountains are the final 
frontier to be occupied. We have begun to fall victim to extreme 
meteorological phenomena—the first global manifestation of 
climate change—on all continents, mainly along the coasts, but also 
in the mountains where sudden rains have caused severe damage. A 
great deal of the worldwide efforts to confront the alterations climate 
change will bring about are focused on diminishing our vulnerability 
to extreme meteorological phenomena. In the mountains, it will 
become necessary to further protect the population from new 
climatic conditions, which implies planning human settlements or 
agricultural, livestock, and forestry activities differently. Likewise, 
strategies for the conservation of natural resources must be oriented 
toward facilitating the adaptation of wildlife by establishing, among 
other strategies, biological corridors.

Countries that have been able to achieve development over the 
past two centuries based on their high consumption of carbon, 
oil, or gas should definitely support those countries that do not 
possess the technological know-how or resources to respond 
to, among other foreseeable consequences of climate change, 
extreme meteorological phenomena, the accelerated depletion 
of natural resources, or the propagation of diseases that were 
once confined to relatively uninhabited territories. This is an 
ethical responsibility that our generation should and must 
assume.

This book shows photographs of vast, pristine mountain landscapes, 
images of a legacy that in the hands of the present generations will 
gradually change, due to climatic processes with end results that 
are uncertain. The beauty of the mountainous landscape and our 
comprehension of its role in the equilibrium of ecosystems and social 
wellbeing is our strength, motivating conservation under new global 
scenarios.

According to recent research, the black carbon particles derived 
from forest fires and the burning of fossil fuels have triggered thaws 
in the Himalayas comparable to those created by the increase in 
temperature caused in turn by elevated concentrations of carbon 
dioxide in the atmosphere. While in comparison to the hundreds of 
years carbon dioxide remains in the atmosphere, these particles are 
suspended for only a few days, but their capacity for absorbing solar 
energy and their abundance make them act as a greenhouse effect 
compound as significant as the gases that at a given time were the 
focus of the Intergovernmental Panel on Climate Change in its 2007 
final report. Moreover, there is a well-known melting effect caused by 
black carbon in the Arctic when it is deposited over broad expanses 
of snow or ice.

The contribution of glaciers to the hydraulic expenditure of rivers 
varies from one year to the next and is strongly influenced by 
temperature. In the Austrian Alps, studies have been completed 
showing that during hot, dry summers, mountain thaws contribute 
over half of the water that flows into a hydrological basin. Something 
similar has been studied in Pakistan, where the population is rapidly 
growing and agriculture depends on the rivers that descend from 
the Himalayas. It is expected that the melting of glaciers over the 
next fifty years will increase the water supply for two or three 
decades, but that following this initial runoff from thaws, a substantial 
decrease of the Indo River will ensue, limiting irrigation in the Punjab 
region. Something similar will happen with rivers that flow from the 
Himalayas into India, China, and the rest of Asia. For many scientists, 
these predictions are highly accurate, given the intensive use that 
is being made of fossil fuels and the consequent increase in CO

2 
concentrations worldwide. 

Over the past decade, the rate of growth in CO2 emissions derived 
from the burning of fossil fuels reached 3.3 percent annually, a value 
much higher than estimates made by the IPCC in its set of future 
scenarios for climate change. For this reason, over the past twenty 
years, the rate of growth of CO2 concentrations in the atmosphere has 
doubled; by the end of the year 2010, the measuring station operated 
by the U.S. government on the island of Mauna Loa registered 
390 ppm (parts per million) of carbon dioxide. Humankind has 
changed the chemistry of the atmosphere in less than two centuries 
of civilization. Our industrialized societies are leaving behind an 
alteration of geological magnitude that will be known by the name 

Anthropocene, a term proposed by Paul Crutzen, the colleague with 
whom I shared the Nobel Prize for Chemistry in 1995. At the IPCC we 
estimate that the average temperature on the planet’s surface has 
climbed 0.76º C worldwide due to the activities of people, whereas 
in the Northern Hemisphere, this elevation has already reached one 
degree Celsius.

Percent of area affected by severe climate 

change* in mountain regions

 Region   %

North and Central America 77

South America 17

Eurasia 66

Africa 29

Australasia and Southeast Asia 17

Greenland 98

 Global Values  %

Severe climate change  23 

simulated worldwide occurring 

in mountain regions  

*  ”Severe climate change is defined as areas where either temperature increases 
by more than 2.5º C or precipitation decreases by more than 50 mm/y by 2055, 
averaged for the five GCMs (Global Circulation Model).

Source: UNEP World Conservation Monitoring Center: Mountain Watch, 2002.
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In December of 1874, while on one of his rambles in California’s Sierra 
Nevada Mountains, John Muir was exploring the northern part of 
the range, near the Yuba River, when a storm kicked up. Rather than 
seeking shelter in the low country, he climbed to the highest ridge 
in the area to experience the weather’s full power. At the height 
of land he noted a clump of hundred-foot-tall Douglas fir trees 
whose “lithe, brushy tops were rocking and swirling in wild ecstasy.” 
Being accustomed to climbing trees for his botanical studies, Muir 
ascended to the top of the tallest fir, and spent the next few hours 
riding the currents. 

“The slender tops fairly flapped and swished in the passionate 
torrent, bending and swirling backward and forward, round and 
round, tracing indescribable combinations of vertical and horizontal 
curves, while I clung with muscles firm braced, like a bobolink 
on a reed,” he later recalled. During his time aloft, Muir noted the 
extraordinary qualities of the air and light, the ineffable beauty of 
the forested mountains, and the song that the swaying trees and 
rushing air played together—“the sounds of the storm corresponded 
gloriously with this wild exuberance of light and motion.” Like no one 
before him, Muir was able both to hear the music of the mountains 
and to communicate that song to a broad swath of the American 
public. His account of the windstorm in the forest appeared in a 
popular magazine a few years later, and then as a chapter in his book, 
Mountains of California, the first of many works that would attract a 
wide readership.

Muir’s deep connection with the natural world, and ability to 
describe the beauty of mountains, the nobility of trees, and the value 
of wild places in a compelling way, made him a seminal figure in 
conservation. Part naturalist, adventurer, mountaineer, and mystic, 
Muir would become the prophet of the wilderness, the voice for 
nature that attracted the attention of presidents and business 
tycoons and regular folks around the country. His singular voice and 
charismatic personality gave Muir an unprecedented opportunity to 
affect a burgeoning nation’s land-use agenda. He was a herald for 
untrammeled nature speaking to an America already in the throes of 
rampant industrialization, a society that viewed the landscape almost 
exclusively through the lens of economic utility. Every successful social 
change movement has multiple leaders and visionaries, but it is clear 
that the nascent conservation movement then forming in response 
to the wave of settlement and exploitation that had swept across the 
continent by European settlement of North America, would have been 
a lesser force and followed a different trajectory without Muir. 

The values of unspoiled nature—beauty, integrity, health, 
wildness—have been well articulated by other conservationist 
following Muir, just as Muir’s philosophy built upon the thinking of 
Henry David Thoreau and Ralph Waldo Emerson (Muir considered 
the days he spent with Emerson in Yosemite one of the highlights of 
his life.) The sustained popularity of Muir’s writings, however, and the 
power of his ideas—particularly the belief that wild places deserve to 
be preserved for their own sake—continue to make Muir an influential 
figure even in our time. By cofounding the Sierra Club in 1892, the 
world’s first significant, grassroots organization dedicated to protecting 
mountains, Muir helped set the stage for the evolution of wilderness 
advocacy and the broader environmental movement. That legacy of 
love for the land, and action on its behalf, continues in myriad forms 
by conservation activists around the world to the present day. Muir 
helped blaze a path for all who would speak for the mountains.

Going to the mountains is going home.
    John Muir

It is February 14, 2011, Valentine’s Day, the annual holiday for lovers. In 
Frankfort, the state capital of Kentucky, a crowd gathers. Young and old 
assemble, until the mass of people is more than a thousand strong. They 
sing and begin marching up the hill to the capitol building, stretching 
out along the half-mile route. Once gathered upon the capitol steps, they 
cheer a small party of activists who emerge from the building, having 
just spent four days sitting in the governor’s office to protest the state’s 
longstanding accommodation of the coal industry. A dominant force in 
the state for more than a century, the coal companies are decapitating 
mountains and polluting waterways with their surface mining operations, 
most especially the practice called “mountaintop-removal” mining. 

The elder statesman of the protestors is 76-year-old Kentucky 
farmer Wendell Berry, the great essayist, novelist, and poet who 
has been a trenchant cultural critic and advocate for ecological 
agriculture for decades. Addressing the throng, Berry notes that he 
and his fellow sit-in participants had occupied the governor’s office 
because they were determined to call attention to the destruction of 
“the land, its forests, and its streams…by the surface mining of coal” 
and the “intolerable harms” being suffered by affected people and 
communities. Berry continues:

“We have remained here until today because of desires that we 
know are shared by many thousands of the good people of our state 

mountain conservation
Tom Butler

Climb the mountains and get their good tidings. 
Nature’s peace will flow into you as sunshine flows into trees. 
The winds will blow their own freshness into you, and the storms their energy…
JOHN MUIR
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bulldozed into a pile and set ablaze. The topsoil, source of life, is 
scraped away and buried, wasted. Then a series of holes are drilled, 
filled with explosives, and detonated. Picture the mountain blown 
apart piece by piece, dismantled systematically, to expose the thin 
veins of coal, the dark, carbon-rich rock that we burn to keep the 
lights on. See how the shattered summit is pushed into the valley, 
covering the headwater streams there.

At the beginning of the fossil fuel age, muscle power from 
people and domestic animals was adequate to reach coal seams 
near the surface. But deeper mining was limited until the invention 
of the steam engine allowed mechanical pumps to clear mine shafts 
of pooling water. Coal-powered engines and pumps, introduced in 
the early 1700s, allowed workers to dig deeper and access more coal. 
And so fossil fuel use set in motion a positive feedback loop whereby 
technological innovation spurred additional fossil fuel use, and the 
resulting windfall of energy powered additional economic growth 
and technological innovation. Coal, and the engines it could power, 
helped set society on a course toward ever-greater technology, 
specialization, globalization, and economic expansion.

Humanity’s adoption of coal power made possible a particular 
kind of social organization and the radical new economy that went 
with it, one based on perpetual economic growth and ever more 
complex technology. This is the greatest lingering curse from the 
original sin of coal mining—the further estrangement of people from 
nature. Fossil fuel exploitation not only gave us the power to destroy 
mountains, but helped create the worldview that it was proper to 
do so. Instead of our rightful place as “plain member and citizen of 
the biotic community,” as the great conservationist Aldo Leopold 
phrased it, humans assumed the role of Lord Man, conqueror of the 
Earth. The power of burning rocks was not solely responsible for the 
schism between humanity and non-human nature, but certainly 
fueled anthropocentric hubris and the swath of destruction it would 
wreak around the globe. 

The mountaintop-removal mine may be the ultimate 
manifestation of modern industrial society’s ideology of conquest. It 
symbolizes a toxic culture so thoroughly divorced from humanity’s 
roots in wild nature that it views the living Earth merely as a 
smorgasbord of “resources” for exploitation and profit. Blowing 
up mountains and burying streams in pursuit of coal is a practice 
that could only be conceived by people who have forgotten—or 
rejected—our species’ kinship with all life. It is a form of violence 
against the land so extreme that it literally condemns mountains 

to death. It ignores the fundamental need for health. It promotes 
sickness. It is utterly contemptuous of the future. It is one generation 
of humans saying to our own descendants and to other members of 
the land community, you don’t matter.

For waterways completely obliterated by valley fills, history is 
over. There is yet some hope that hundreds of miles of streams 
degraded by mining might be restored to health, although the 
healing may take centuries. The more than 470 mountains that have 
been blown apart already will not grow back. Erosion, deposition, 
tectonic action—it is for geological processes now, over deep time, 
to soften the scars on the land. The damage will be visible as long as 
humans walk the Earth. 

While the mountaintop-removal mine may be an apt metaphor 
for a society based on cancerous growth, the practical effects of 
surface coal mining on the ecosystems and human communities 
of Appalachia are anything but symbolic. They are everyday 
realities for people living throughout the coalfields of Kentucky, 
West Virginia, Tennessee, and Virginia. Air and water pollution, 
overloaded coal trucks traveling narrow mountain roads, forest 
fragmentation, excessive levels of coal dust, massive coal-slurry 
waste impoundments perched over communities, degradation of 
headwater streams—these and other effects are suffered by people 
and wildlife across the region. But there is another impact, little 
considered by outsiders but spiritually toxic to the people when 
mountains are sheared-off.

The people of Appalachia, like other mountain-dwellers around 
the world, are fiercely attached to their homeplace. It is common 
for family roots to stretch back generations in a specific valley, or 
hollow, which local people call “hollers.” Judy Bonds, who died 
in 2011, was a Goldman Prize-winning activist with Coal River 
Mountain Watch, widely admired for her tenacious fight against 
stripmining. She was the last member of her family to leave Marfork 
Hollow, when a coal company’s mountaintop-removal operation 
made the area uninhabitable. Her family had dwelled in the 
Coal River valley for ten generations, surrounded by the familiar 
curves and folds of the mountains. It was the landscape of home. 
The terrain was both physical and cognitive—the landscape of 
experience and memory. Bonds once said: “There is nothing like 
being in the hollows. You feel snuggled. You feel safe. It seems like 
God has his arms around you.”

What does it do to a person, to a family, to a community when 
the landscape of memory is so disfigured by mining that the very 

and nation … namely, that all of our home places should be healthy, 
that all of our headwater slopes should be safeguarded for us and 
our children forever by sustainably used and ever-cherished native 
forests, that every stream should run clear, that every child should 
breathe clean air, that the economy of every community should grow 
from the local soil and local resources, within the affection and care, 
by the skills, thrift, and intelligence of the local people.”

The rally concludes with rousing speeches, and then many of the 
participants enter the building to lobby their state legislators to enact 
a law that would ban the coal industry from dumping waste into 
streams. A person looking out across the mass of citizens exercising 
their constitutional rights to assemble and petition their government, 
could not help but be inspired by the hundreds of people waving 
signs in the brisk, February air. They proclaimed a simple message:  
I LOVE MOUNTAINS. 

If John Muir best personifies the stream of conservation action 
directed toward wildlands preservation, today’s movement to abolish 
mountaintop-removal mining—launched in Appalachia but now 
spreading around the United States—represents a complementary 
stream that we might call “homelands conservation.” Establishing 
new national parks and other strictly protected areas remains vitally 
important. Big, wild, interconnected conservation lands are crucial 
to sustain wildlife and natural processes that shape the diversity of 
life. But they are not sufficient to reverse the global extinction crisis if 
society continues to create sacrifice zones outside park boundaries, 
leaving islands of intact habitat in a sea of degradation. A whole-earth 
conservation ethic demands that we preserve wilderness areas and 
take care of the places we live in and use. 

“When we try to pick out anything by itself, we find it hitched 
to everything else in the universe,” John Muir once wrote. This, of 
course, is the central insight of ecology: everything is connected. 
There is no “away.” And so it is right that the concerns of the 
conservation movement have expanded to include not only the 
scenic spectacles of nature—places like Yosemite National Park, 
which Muir helped preserve—but also the hills and hollows of Perry 
County, Kentucky. And Mingo County, West Virginia. And all of the 
coal-producing counties of Appalachia, a landscape scarred and 
bleeding from the actions of an extractive industry that has treated 
the region as a resource colony for more than a century. 

The movement to end the scalping of Appalachian Mountains 
has its charismatic leaders, too, people like Teri Blanton, Maria Gunnoe, 

Larry Gibson, and many others. This is a grassroots movement in the 
best sense, its leadership arisen from the coalfields, driven by passion 
and homeplace pride. It is illustrative of similar indigenous conservation 
campaigns from Patagonia to Romania. A group of people, inspired by 
love of mountains, is fighting to save the land and people.

Homeplace in the Mountains
Imagine a mountain in Appalachia, cloaked in green. It is a spring 
morning, with mist rising and the air alive with birdsong. Wildflowers 
splash the forest floor with color. In the canopy of a massive tulip poplar 
tree, warblers flit among the leaves. A stream pools and drops down 
the flank of the ridge. Black bears amble about the woods, seeking 
calories to bulk up their fat stores before the next winter arrives.

This is a community powered by sunlight. Ecologists have lately 
become adept at tracking energy flow through ecosystems, but even 
the most sophisticated schematic of food webs presents only a partial 
picture of reality. The energy economy of nature is amazingly elegant. 
There is no waste, only food for another organism. But the beauty 
of life cannot be quantified by any data set or scientific analysis. This 
mountain we have fixed in our minds is a glorious place, typical of 
myriad real peaks and valleys in the southern Appalachians now 
being destroyed by mountaintop-removal mining and its associated 
practices, including filling adjacent valleys with mining waste. 

Geologically, the Appalachian Mountains are the oldest in North 
America; they once rose higher than the Himalayas and have been 
whittled down by erosion over millions of years. The temperate forest 
ecosystem covering the southern Appalachian ridges is also the 
most biologically diverse temperate forest on the continent. And it is 
exceptionally beautiful.

Our species is not the author of this wondrous scenery and 
ecological vitality, which emerged long before humans’ arrival in 
the community of life. The land’s richness is of itself, and for itself. 
We did not make it—but we are unmaking it with a brutality that 
is breathtaking to behold. The name for this unmaking of the wild 
world is efficiency. By any sane analysis, mountaintop-removal 
coal mining is an ecological and social abomination. By the logic 
of the marketplace, however, it is an efficient, rational utilization of 
resources, a normal and predictable consequence of an economy 
based on converting natural capital into commodities and then into 
monetary wealth.

Return again to the mountain in your mind’s eye, the one 
alive with creatures going about their business. Now the forest is 
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•	 In	North	America,	in	New	York	state,	local	conservationists	are	
working to protect the Split Rock Wildway, a wildlife movement 
corridor linking public and private conservation lands. When 
complete, the Wildway will ensure habitat connectivity from 
the shores of Lake Champlain to the high peaks of New York’s 
Adirondack Mountains.

•	The	Yellowstone	to	Yukon	Conservation	Initiative	(Y2Y)	was	
established by a coalition of Canadian and US conservationists in 
1993. A habitat linkage on a regional scale, Y2Y seeks to maintain 
wildlife movement connectivity along some 2 000 miles of the 
Northern Rocky Mountains.

•	The	Spine	of	the	Continent	Megalinkage	extends	the	scope	of	
Y2Y, envisioning a conservation corridor running from Mexico’s 
Sierra Madre Mountains to the Canadian Rockies.

•	In	Europe,	numerous	initiatives	to	expand	and	connect	mountain	
protected areas are underway. One notable project, led by 
conservationists Barbara and Christoph Pomberger through the 
Conservation Carpathia Foundation, is using private philanthropy 
to create the largest forest wilderness in Europe. The goal is to 
establish the Priatra Craiului Wilderness Reserve in the Carpathian 
Mountains of Romania.

•	A	newly	developing	initiative,	the	Altai-Sayan	Mega	
Connectivity Conservation Corridor effort adds to the legacy 
of many mountain conservation projects undertaken in 
Asia during recent decades. The Altai-Sayan region where 
Russia, China, Mongolia, and Kazakhstan meet presents 
an unprecedented opportunity to expand and coordinate 
conservation actions in the transboundary region.

•	In	South	America,	through	their	nonprofit	foundations,	
conservationists Douglas and Kristine Tompkins have helped 
establish two outstanding mountain protected areas along the 
coast of south Chile. Pumalin Park and Corcovado National Park, in 
total covering roughly 584 000 hectares, stretch from the Pacific 
coast to the height of the Andes. The Tompkins’s efforts to create 
the future Patagonia National Park in Chile’s Chacabuco Valley, 
and donate additional private lands in Tierra del Fuego to the 
national government, are in progress. In the latter initiative, they 
have proposed to donate the privately owned Yendegaia tract 
(roughly 39 000 ha) to the Chilean National Park System to enlarge 
Agostini National Park, which would serve as a landscape bridge 
to Argentina’s Tierra del Fuego National Park and create the first 
transboundary protected area along the Chile–Argentina border. 

•	The	African	Wildlife	Foundation	is	working	with	partners	to	
sustain mountain gorillas with transboundary protected areas 
management, and secure the Kitenden Wildlife Corridor between 
Mount Kilimanjaro and Amboseli National Park.

•	In	Australia,	conservationists	have	successfully	collaborated	
with governments to establish regional conservation corridors, 
including the Australian Alps and the Great Escarpment of Eastern 
Australia Conservation Corridor. If these two habitat linkages, , 
were connected, it would establish the first continental-scale 
conservation corridor in the world.

These initiatives, and dozens of others similarly ambitious, operating 
at a scale from local to regional to international, are a testament to the 
innovation and passion of mountain conservationists across the planet.

Voices for the Mountains
Mountains create weather, collect snow, and birth rivers. Mountains 
produce distinctive human cultures. Mountains form natural barriers 
that can isolate wildlife populations, thereby assisting evolution’s 
long dance. Mountains are, as John Muir wrote, “fountains of life.” In 
some cases, they inspire people to take up a life’s work protecting the 
wild world. The peaks of California called to Muir, who became their 
voice in the councils of men. The long-inhabited mountains of West 
Virginia cradled Judy Bonds, who became their voice in the halls of 
power. If we believe the Gaia Hypothesis is plausible—that the Earth 
is a self-regulating organism—perhaps it is Gaia herself that creates 
the antibodies, conservationists, who will act in her defense. It seems 
she often does this through the love of mountains.

Mountains offer us mortals many lessons, including a sense of scale 
and humility. Above all, they invite us to experience integrity, beauty, 
health, and wildness. In the high country we begin to understand 
these values, and are invited to perpetuate them. Like John Muir in the 
treetops, we are called to join the chorus of the mountains—singing of 
communion and reciprocity between people and the land.

Oh, these vast, calm, measureless mountain days, inciting at 
once to work and rest! Days in whose light everything seems 
equally divine, opening a thousand windows to show us God. 
Nevermore, however weary, should one faint by the way who 
gains the blessings of one mountain day; whatever his fate, long 
life, short life, stormy or calm, he is rich forever.
     John Muir

contour of the mountains is altered? What kind of psychic dislocation 
does that cause, when the safety of a comforting landscape is literally 
blasted away, leaving poisoned waterways, dying communities, and 
an unfamiliar horizon?

Ecological Threats and Conservation Action
While the particular effects of mountaintop-removal mining in 
Appalachia are horrific, unfortunately, they are not unique. Mining, 
along with its associated deforestation and water pollution, is 
one of the key threats to the integrity of mountains globally. The 
massive Pascua Lama gold mine complex in the Andes along the 
Chile–Argentina border has prompted an ongoing battle between 
a transnational mining company and local people, supported by 
conservation groups from multiple countries. New or expanded mine 
projects threaten wild mountains in Patagonia, Bolivia, Canada, the 
Philippines, and many other places around the planet. A toxic legacy 
of past mining activities, including acid mine drainage and other 
forms of water pollution, is similarly widespread.  

Roughly a quarter of the land on Earth is mountainous terrain, 
and thus the variety of ecological wounds being visited upon the 
planet by humans greatly impact mountain ecosystems. Air pollution, 
for example, also affects the Southern Appalachians. For decades 
scientists have been studying how pollution, particularly from coal-
burning power plants, is killing the high-elevation forests in Great 
Smoky Mountains National Park, largest protected area in the region. 

Park boundaries may prevent the most flagrant kind of resource 
extraction such as industrial logging, but they do not prevent 
airborne pollutants from being deposited on the peaks by passing 
clouds. Nor can they prevent the exurban development and resorts 
that sprawl outside protected areas. With their steep slopes and 
fragile soils, upland landscapes can quickly be degraded when roads 
punch into wild areas. Gatlinburg, Tennessee, outside Great Smoky 
Mountains National Park is a perfect example of the worst kind of 
park gateway community, but one can find similar impacts at Jackson 
Hole, Wyoming, or Aspen, Colorado, or many other mountain resorts 
on multiple continents. 

Habitat destruction and fragmentation are still the primary 
causes of biodiversity loss in mountain ecosystems, but global 
overheating threatens to amplify all the other factors that 
compromise the health of mountains, and could become a leading 
cause of extinction in coming decades. Natural communities stack 
atop each other in the mountains, which produces rich biodiversity. 

In a warming world, some species will migrate upslope to find cooler 
or wetter conditions, but the natural community at the summit may 
have nowhere to go. If there is no north–south habitat connectivity 
for species to migrate, they may go extinct. This is a particular danger 
in smaller, isolated mountain ranges.

Besides species loss, a very significant danger posed by climate 
change is that it will de-water mountain-fed rivers that are the lifeblood 
of a huge swath of humanity. One report published by the United 
Nations Convention on Biodiversity suggests that roughly 50 percent 
of people globally depend, directly or indirectly, on the ecological 
services provided by mountain ecosystems. The loss of these services, 
particularly water, would be devastating to human welfare.

The range of threats to mountains—habitat loss and 
degradation, deforestation, air and water pollution, mining, resort 
development, climate change, and others—are now well understood 
by conservation biologists. The tools to address these ecological 
wounds include protected areas, conservation easements, regional 
planning, avoided deforestation programs, ecological restoration 
techniques, and others; in various settings and with various levels of 
success they are being used around the globe. 

National parks and reserves are among the oldest and most 
broadly supported conservation mechanisms, with thousands of 
examples designated on paper, although with varying levels of 
actual protection. Mountains are disproportionately well represented 
in protected areas. One may view this as a success, for the many 
values of mountain ecosystems are critical to conserve, but also as 
a challenge to better protect lower elevation, and generally more 
biologically rich, habitat. The problem of “rock and ice” wilderness 
is well known. The historical reasons for this are several; early in 
conservation movement history, leading figures, including John Muir, 
argued for the preservation of mountain parks and reserves largely 
because of their scenic beauty and recreational attributes. Moreover, 
it was usually easier to secure conservation status for mountainous 
regions because they were less desirable for agriculture and forestry 
than lowlands. 

The modern conservation movement, while still valuing alpine 
scenery, emphasizes ecological integrity and biodiversity protection. 
And so conservationists have responded to the ubiquitous problem 
of habitat loss and fragmentation by increasingly focusing on 
connectivity—making sure wild creatures have room to roam—and 
using landscape-scale conservation projects as an adaptive response 
to climate change. A few examples include:
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We contemplate mountain peaks in stillness, with primeval amazement.   
The stupor caused by all summits is rooted deep within an awareness of 

ourselves.  
It is a matter of proportion.  

The body itself, matrix of the basic coordinates 
of the human imagination, is what throws caution to the wind when 

confronted by the incomprehensible existence of a brutal mass. 
CARLA FAESLER
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Mountains are the most distinctive feature of Earth’s landscape. At first sight, their image helps us put our 
own scale into perspective; and at a distance, they give us the illusion that some places are 

still inaccessible to Man.

MARIO MOLINA
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Mountains provide landscapes with their highest and most dramatic profiles. 
Their enormous strength evokes the sacred. 

They amaze us and represent our greatest aspirations.
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The headwaters of all rivers in the world are located in mountains,  
which due to their shape and size are able to condense water already found in the air.  

Mountain water supplies over half the world’s population.
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Mountains offer us mortals many lessons, 
including a sense of scale and humility. Above all, they invite us to experience integrity, beauty, health, 

and wildness.

TOM BUTLER
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Water appears in many forms in the mountains:  
as snow and ice; as seasonal wetlands; as pools and lakes; 

    as groundwater; and as streams moving 
  across and down the mountain.

   MICHEL J COHEN / PETER H GLEICK
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Glaciers are like gigantic meteorological stations,  
because they register the climate (...)

In the early 1980s, given the intensification of their retreat,  
glaciers became indicators of climate change  

and are now therefore being kept under close watch.

BERNARD FRANCOU
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Composed mostly of igneous materials like lava and granite, 
this majestic range bears mute witness to the colossal forces 

emerging from the depths of the Earth.

EXEQUIEL EZCURRA
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And despite the passage of millions of years, 
the mountains maintain a biological memory 

of their evolutionary origin. 

EXEQUIEL EZCURRA
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Due to their elevation above sea level, mountains can keep clouds in check and attract rainfall to 
supply the broad territorial plains where our civilizations 

have flourished over the past ten thousand years with continuous humidity.

MARIO MOLINA
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Our species is not the author of this wondrous scenery and ecological vitality, which emerged 
long before humans’ arrival in the community of life. 

 The land’s richness is of itself, and for itself. 
We did not make it—but 

we are unmaking it with a brutality 
that is breathtaking to behold.

TOM BUTLER
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Now we begin to understand that even without being physically present, our society is 
capable of altering mountain landscapes, modifying the forest and rainforest ecosystems that 

blanket them, diminishing their glaciers or interrupting the life cycle of many species of flora and fauna that 
unobtrusively inhabit them.

MARIO MOLINA
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We have reached the point where we are altering the planet’s climate itself,  
with profound and only partly understood implications  

for water and the very mountains themselves. 
 

As the Earth warms, there will be fundamental changes  
in the hydrologic cycle, in precipitation patterns, increased evaporation,  

snowfall and snowmelt in the mountains, losses of glaciers,  
complex impacts on downstream communities, and much more. 

 
Society is not ready for these changes, but they are coming fast,  

and as we look to the mountains for their beauty, their strength, and their water,  
we must also look to ourselves and ask what kind of world we want to live in. 

 
In the end, the mountains will endure.

           MICHAEL J. COHEN / PETER H. GLEICK 
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p. 83 There are plans to include this mountainous 
mass in an ambitious conservation project 
that, if it becomes a reality, will protect  
300 000 hectares of Patagonia ecosystems. 
Future Patagonia National Park,  
Argentina-Chile.

p. 82 Albeit not very high (3 706 m.a.s.l.) this 
mount enjoys global fame due to its 
inclement weather conditions, which are 
both harsh and unpredictable.  
Mount San Lorenzo, Patagonia,  
Argentina-Chile.

p. 81 The peculiar shape currently taken by the 
peak of the Corcovado Volcano, dormant 
since 1935, is due to the collapse of a section 
of the ancient basaltic cone.  
Corcovado National Park, Chile.

p. 80 Today, this is the largest private park in the 
world, consisting of more than 325 000 
hectares dedicated to nature conservation. 
Mount Vodudahue. Pumlaín Park, Chile.

p. 79 This trans-border mountain is covered by 
three enormous glaciers: two in Argentina, 
and one in Chile. Those on the Argentinean 
side are in evident withdrawal.  
Mount San Lorenzo, Patagonia,  
Argentina-Chile.

p. 78 The narrow, serrated edges of high 
mountains are called crests. When these 
walls are extremely vertical, they are known 
as horns.  
Torres del Paine National Park, Chile.

p. 77 Layers of dark sedimentary rock contrast 
with the yellowish tone of the underlying 
granite. This structure explains the 
geological complexity of Mount del Paine. 
Torres del Paine National Park, Chile.

p. 76 The Paine Rock is a sedimentary geological 
formation that dates back to the Cretaceous 
era. Here, the orogenic processes that 
comprise the mountainous landscapes 
become evident. Cerro Grande del Paine, 
Torres del Paine National Park, Chile.

p. 75 Thanks to the hardness of the granite of 
which they are formed, the spectacular 
Paine Towers have best endured the 
onslaught of glacial erosion.  
Torres del Paine National Park, Chile.

p. 73 Aside from broad expanses of Lenga forests 
(Nothofagus pumilio), this park protects two 
lacustrian systems, pampa and chaparral 
ecosystems, and major fossil beds.  
Francisco P. Moreno National Park, 
Argentina.

p. 72 The complex orography lends itself to the 
existence of microclimates that are occupied 
by various kinds of vegetation within 
relatively small areas.  
Pumalín Park, Chile.

p. 71 This park represents a new model o 
conservation through private donations. 
Karukinka was a forestry project that was 
canceled thanks to the opposition of civil 
society. Karukinka Natural Park, Tierra del 
Fuego Island, Chile.

p. 70 Thanks to philanthropist Douglas Tompkins, 
the Yendegaia Foundation now owns 67 000 
hectares of this region, with the intention 
to donate in order to establish a bi-national 
park with Argentina.  
Yendegaia Estate, Tierra del Fuego, Chile.

p. 69 Glaciers, now in withdrawal around the 
world, leave behind surface deposits of 
fluvial and erosive materials that are highly 
variable in composition after having carried 
them for centuries.  
Darwin Cordillera, Tierra del Fuego, Chile.

p. 68 Fresh fallen snow reflects 80 percent of 
sunlight. When the snow is covered by 
sediment or other particles or when ice 
forms on the surface, it absorbs up to 60-70 
percent of radiation, accelerating thaws.  
Southern Patagonia Ice Field, Argentina.

p. 67 As they disintegrate, glaciers that flow out 
into lakes and seas form icebergs containing 
freshwater that has been solidified for 
hundreds or thousands of years.  
Darwin Cordillera, Tierra del Fuego, Chile.

p. 66 Fjords are long, U-shaped valleys carved out 
by glaciers that flow directly out into the sea, 
where they form coves and inlets.  
Darwin Cordillera, Tierra del Fuego, Chile.

p. 65 In addition to mountains and volcanoes, this 
new, vast privately funded park houses and 
protects rivers, fjords, bays, and old-growth 
forests.  
Corcovado National Park, Chile.

p. 64 Given its remoteness, this region is 
considered to be one of the last relatively 
pristine wild areas on the planet.  
Corcovado National Park, Chile.

p. 63 When the glacial erosive assault on a 
mountain takes place from at least three 
sides, it eventually carves out pyramid-
shaped peaks.  
Darwin Cordillera, Tierra del Fuego, Chile.

p. 62 The Darwin Cordillera is one of the most 
inhospitable places on Earth. Here, the 
treeline is located from 50 to 300 m.a.s.l..  
Darwin Cordillera, Tierra del Fuego, Chile.

p. 61 The Fueguinos Andes is a seaboard 
subrange that runs east-west, meaning that 
its mountains enter and seem to sink into 
the Pacific Ocean.  
Beagle Channel and Darwin Cordillera,  
Tierra del Fuego, Chile.

p. 59 Sea, fjords, mountains, and majestic  
glaciers blend together, creating 
unexpected landscapes in the extreme 
south of the Americas.  
Darwin Cordillera, Tierra del Fuego, Chile.

p. 58 Glaciers are one of the most imposing 
orogenic forces. Using their enormous 
abrasive power, they sculpt any living rock 
found in their path.  
University Range, Wrangell-St. Elias 
National Park, Alaska, United States.

p. 57 The high altitude wetlands or bogs that 
occupy Andean valleys 3 800 m.a.s.l. 
are native grasslands adapted to live on 
permanently humid terrain.  
Apolobamba Cordillera, Bolivia.

p. 56 The diverse origins and minerological 
variety of the rocks that comprise them bear 
witness to the geological complexity of 
some mountain masses.  
Real Cordillera, Bolivia.

p. 55 Although the region of the tepuis receives 
over 3 800 mm of precipitation annually, its 
exceptional flora has adapted to desert-like 
conditions.  
Roraima Tepui, Canaima National Park, 
Venezuela.

p. 54 Mountain chains are the result of orogeny, 
a term used to describe the geologic forces 
and processes related to the interaction of 
tectonic plates.  
Huayhuash Cordillera, Peru.

p.53 This continental ice shelf, the third largest 
in the world, covers 16 800 km2, completely 
blanketing some mountain masses.  
Andes Cordillera, Mendoza, Argentina.

p. 52  Erosive sediments originating in the 
mountains, streaked with pyroclastic 
materials accumulated over millions of years, 
gradually filled ancient endorheic valleys 
forming the Andean High Plateau.  
Bolivian High Plateau Region, Bolivia.

p. 51  Tepuis are the remains of an immense 
sandstone meseta that is extremely ancient 
(approximately 3 billion years old), located 
on the Guiana Shield.   
Auyantepui, Canaima, Venezuela.

p. 50  Thanks to low temperatures and the 
accumulation of snow over long periods 
of time, the high mountains possess vast 
freshwater reserves in the form of millenary 
glaciers.  
Apolobamba Cordillera, Bolivia.

p. 49.  From time immemorial, mountains and 
volcanoes have been a source of mystery, 
instilling admiration and respect by virtue of 
their colossal power and energy.  
Arenal Volcano, Arenal Volcano National 
Park, Tilarán Cordillera, Costa Rica.

photo captions
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p. 154 Different ecosystems occupy the altitudinal 
zones of these seaboard mountains, from 
mangroves and tropical rainforests along 
the coasts to mesophilic mountain forests at 
higher altitudes. Corcovado National Park, 
Osa Peninsula, Costa Rica.

p. 153 This isolated mass is the world’s highest 
seaboard mountain formation. It ranges 
from warm zones to glaciers. Frailejones 
(Espeletia) distinguish its high plateau.  
Santa Marta Sierra Nevada, Colombia.

p. 152 Nestled in the Central Volcanic Cordillera, 
covered with mesophilic vegetation and 
inactive since 1963, this conic volcano or 
stratovolcano, destabilized by the rains, 
experienced a phreatic eruption in 1994. 
Irazú Volcano National Park, Costa Rica.

p. 151 Considered to be among the rainiest 
in the world, this region is a mosaic of 
mountains, valleys, and plains covering 
the northernmost foothills of the Andes. 
Biogeographic Chocó, Colombia.

p. 150 Unlike other ranges, this one does not 
produce a rain shadow, because here winds 
regain humidity while blowing over Mato 
Grosso and El Pantanal.  
Serra dos Órgãos National Park, Brazil.

p. 149 The priority ground area of the Tropical 
Andes, which encompasses seven countries, 
is considered to be a “global epicenter of 
biodiversity.”  
Podocarpus National Park, Ecuador.

p. 148 La Pedra do Sino (Bell Rock) is a rocky 
outcropping 2 275 m.a.s.l. surrounded by 
tropical rainforest. It is emblematic of this 
park.  
Serra dos Órgãos National Park, Brazil.

p. 147 Nestled in Serra do Mar, this park protects 
rocky outcroppings with peculiar shapes, 
springs, and forests characteristic of the 
Atlantic Mata.  
Serra dos Órgãos National Park, Brazil.

p. 146 The slopes of this region, famous for their 
exuberant forests, shelter strange clusters 
of dwarf cloud forests covered with dense 
layers of epiphytes.  
Monteverde Reserve, Costa Rica.

p. 145 The Kerepakupai Vena waterfall, better 
known as Salto Ángel, is the highest in the 
world. It cascades 979 meters (with 807 
meters of freefall).  
Auyantepui, Canaima National Park, 
Venezuela.

p. 144 Tepui mesas boast erosive crevasses carved 
out by water; in this case, the Gauja River, 
source of Salto Ángel.  
Auyantepui, Canaima National Park, 
Venezuela.

p. 143 Due to the antiquity of their rocks, some 
tepuis present torques (deep wells with 
vertical walls) and sinkholes (caves) formed 
by dissolved minerals.  
Auyantepui, Canaima National Park, 
Venezuela.

p. 142 Totally cut off from the surrounding jungle 
and exposed to much lower temperatures, 
these mesas are authentic “ecological 
islands.”  
Auyantepui, Canaima National Park, 
Venezuela.

p. 141 The scarcity of minerals produced by 
constant rainfall translates into a lack of 
nutrients; therefore, tepui plants have 
become highly specialized.  
Roraima Tepui, Canaima National Park, 
Venezuela.

p. 140 Due to the intense pluvial precipitation that 
characterizes the region of the Guyanas, 
tepuis are the source of hundreds of 
waterfalls.  
Auyantepui, Canaima National Park, 
Venezuela.

p. 139 Tepuis are among the world’s most 
fascinating geological formations. These 
sandstone mesas tower up to 1 000 meters 
above the rainforest.  
Auyantepui, Canaima National Park, 
Venezuela.

p. 137 At the foot of glaciers, the mouth or zone of 
ablation is found, where ice ends and thaw 
runoff abounds.  
Huayhuash Cordillera, Peru.

p. 136 In general, glaciers consist of three parts: 
the head (highest, can be a cirque glacier), 
the tongue, and the foot (lower edge). 
Huayhuash Cordillera, Peru.

p. 135.  The only places in the tropical zones of 
the world where glaciers are found are the 
high mountains, making these especially 
important.  
Huayhuash Cordillera, Peru.

p. 134 In Peru, 80 percent of all electric energy is 
generated by these mountain glaciers, vast 
reservoirs of water that today have been 
reduced by almost half.  
Blanca Cordillera, Peru.

p. 133 Due to microscopic structural differences 
between snowflakes, the mountain slopes 
can accumulate unstable, laminar layers 
that tend to break, setting off avalanches. 
Huayhuash Cordillera, Peru. 

p. 132 Hard rime (consolidated ice) accumulated 
by the freezing of fog or sleet in extreme 
wind and temperature conditions forms 
alpine glaciers that seem to defy gravity. 
Huayhuash Cordillera, Peru. 

p. 131 The low points of intermountain valleys tend 
to sustain glacial wetlands of variable width, 
depth, and structure, ranging from swamps 
to actual lakes.  
Huayhuash Cordillera, Peru.

p. 130 In the high mountains, glaciers tend to 
form circular erosive concavities that, when 
surrounded by rock on three sides, are 
known as cirque glaciers.  
Huayhuash Cordillera, Peru.

p. 129 Icicles are formed when water that started 
dripping during a thaw is refrozen as a result 
of a sudden cold snap. They can create  
entire walls.  
Apolobamba Cordillera, Bolivia.

p. 128 Glacial caves are a particularly amazing 
natural phenomenon. They are formed by 
the infiltration of water that has thawed 
in summer and by sublimation in winter. 
Apolobamba Cordillera, Bolivia.

p. 127 Most of the water that human beings have 
consumed, past or present, was originally 
mountain precipitation particularly in semi-
desertic and desertic regions.  
Apolobamba Cordillera, Bolivia.

p. 125 Glaciers in these mountains are small due to 
warm Amazonic winds. Snow accumulation 
is also low, because precipitation is scarce. 
Apolobamba Cordillera, Bolivia.

p. 124 Despite low temperatures, there is little 
snowfall in this region because the rain 
shadow of the Oriental Cordillera generates 
desert-like conditions.  
Apolobamba Cordillera, Bolivia.

p. 123 Depending on the chemical composition 
of their suspended particles and dissolved 
minerals, bodies of water of glacial 
origin take on different characteristics. 
Apolobamba Cordillera, Bolivia.

p. 122 The hydrological cycle is particularly evident 
in the mountains. Without exception, the 
world’s most torrential rivers, such as the 
Amazon, are born out of mountain masses. 
Apolobamba Cordillera, Bolivia.

p. 121 There are three main kinds of erosion: 
hydraulic (from water), aeolic (from wind), 
and glacial (from ice). In the high mountains, 
all three interact.  
Apolobamba Cordillera, Bolivia.

p. 120 Wherever water freezes and expands after 
penetrating cracks, the colossal energy 
released is capable of splitting off great 
chunks of rock.  
Apolobamba Cordillera, Bolivia.

p. 119 Some rocks found in this region of 
geologically complex tectonic origins are 
very ancient, because they form part of 
the Precambrian Shield of eastern Bolivia. 
Apolobamba Cordillera, Bolivia.

p. 118 The southern peak of this spectacular 
granite mountain is the highest summit (6 
748 m.a.s.l.) to be found in tropical zones 
worldwide.  
Nevado Huascarán, Huascarán National 
Park, Blanca Cordillera, Peru.

p. 117 Active volcanoes are common near the 
subduction zones where oceanic tectonic 
plates are submerged beneath a continental 
platform.  
Juriques Volcano, Bolivia.

p. 115 This cordillera concentrates six impressive 
peaks with Himalayan physiognomy 
reaching over 6 000 m.a.s.l. The negative 
impact of tourism must be controlled in 
order to conserve its beauty. Huayhuash 
Cordillera, Peru.

p. 114 The tectonic and sedimentary origins of this 
cordillera are so complex that no consensus 
has been reached regarding its geology. 
The mineralogical diversity of its rocks bears 
witness to this.  
Apolobamba Cordillera, Bolivia.

p. 113 These salt flats of 8 000 hectares, the 
southernmost of Chile, occupy a closed 
basin that has formed between the Claudio 
Gay and Domeyko cordilleras.  
Maricunga Salt Flats,  
Nevado Tres Cruces Park, Chile.

p. 112 Although similar to moss in appearance, 
Yareta (Azorella compacta) is related to celery. 
It has adapted perfectly to the inhospitable 
conditions of the Puna or Andean  
high plateau.  
Andes Cordillera, Peru.

p. 111 This secondary cordillera of the Andes, of 
tectonic origin, borders the Atacama Desert 
to the east. It is the most arid mountain 
chain on the planet.  
Domeyko Cordillera, Chile.

p. 110 The El Tatio geyser field is the third broadest 
and one of the highest in the world. 
Atacama Desert, Chile.

p. 109 This lake of briny water is located on the 
high plateau of Antofagasta and forms part 
of the Los Flamencos National Reserve.  
Miscanti Lagoon and Mount Miscanti, 
Antofagasta, Chile.

p. 108 The Andean Flamingo (Phoenicopterus 
andinus) and James’s Flamingo 
(Phoenicoparrus jamesi) nest and derive their 
sustenance exclusively from the salt flats of 
the high Andean plateau.  
Cejar Lagoon, Chile.

p. 107 Salt flats are accumulations of infinitesimal 
quantities of dissolved salts, concentrated by 
water evaporation inside a closed basin over 
the course of millennia.  
De Jama Salt Mine, Argentina.

p. 106 The color of this endorheic mountain lake, 
nestled between volcanoes, is due to the 
high salinity of the water.  
Laguna Verde, Nevado Tres Cruces  
National Park, Chile.

p. 105 The presence of this high Andean plateau 
of pumice stone indicates the intense 
vulcanism that characterizes the Maricunga 
Salt Flats region.  
San Francisco Pass, Argentina-Chile.

p. 104 Surrounded by volcanoes and located 
between the Central Andes and the 
Domeyko Cordillera, these salt flats comprise 
the largest lithium reserve on the planet. 
Atacama Salt Flats, Chile.

p. 103 This park protects part of the closed basin 
of the Maricunga Salt Flats and the Ojos del 
Salado Volcano, which is the highest in the 
world (6 893 m.a.s.l.).  
Nevado Tres Cruces National Park, Chile.

p. 102 Wetlands of International Importance 
(Ramsar), these mountain salt flats protect 
emblematic South American species such 
as the Vicuña (Vicugna vicugna) and Darwin’s 
Rhea (Pterocnemia pennata). Tara Salt Flats, 
Los Flamencos National Reserve, Chile.

p. 101 The winds that come out of Chaco and 
Pantanal discharge all of their humidity on 
the Oriental Cordillera, generating to the 
west the world’s most arid desert.  
Atacama Desert, Chile.

p. 99 This habitat, relatively isolated and in good 
condition, has been threatened by two 
hydroelectric projects that contemplate its 
destruction for the sake of development. 
Future Patagonia National Park, Chile.

p. 98 Chacabuco Valley shelters viable populations 
of various species of endemic fauna that are 
critically endangered, especially the virtually 
extinct South Andean Deer (Hippocamelus 
bisulcus).  
Future Patagonia National Park, Chile.

p. 97 This park protects forest islands of 
evergreens and South American beeches, 
surrounded by basaltic rock and andesite 
badlands. Conguillío in mapuche language 
means a lake with evergreen seeds. 
Conguillío National Park, Chile.

p. 96 Mountain chains determine local climates 
and modify the patterns of precipitation 
and environmental humidity wherever they 
coincide with oceanic winds.  
Pumalín Park, Chile.

p. 95 In the temperate forests of this region two 
species of South American beech generally 
predominate: the Rauli (Nothofagus alpina) 
and the Roble (N. obliqua).  
Palena Region, Chile.

p. 94 This private park was declared a natural 
monument in 1977. It protects a temperate 
Valdivian forest where arboreal species 
include the Patagonian cypress (Fitzroya 
cupressoides).  
Pumalín Park, Chile.

p. 93 During the austral summer, two bodies of 
water occupy one of the cirque glaciers of 
this mountain. Here, one of them can be 
appreciated. De los Tres Lagoon, Mount 
Fitz Roy, Southern Patagonia Ice Field, 
Argentina-Chile.

p. 92 In addition to lakes and monuments, this 
park protects two endemic felines that are 
endangered: the Pampas Cat (Lynchailurus 
pajeros) and the Kodkod (Oncifelis guigna). 
Gelgrano Lake and Volcano, Perito Moreno 
National Park, Argentina.

p. 91 The geological and mineralogical diversity 
of mountain masses is enormous, clearly 
determining the physiognomy of each place.  
Horns of Paine and Lake Grey, Torres del 
Paine National Park, Chile.

p. 90 The vast Southern Patagonia Ice Field 
sustains 48 glaciers. This one measures 
30 km in length and covers an area of 
approximately 250 square kilometers.  
Perito Moreno Glacier, National Glacier 
Park, Patagonia, Argentina.

p. 89 Given that the existence of glaciers depends 
on long-term climatic conditions, they 
are considered to be the most sensitive 
indicators of climate change.  
Mount San Lorenzo, Patagonia,  
Argentina-Chile.

p. 88 Despite the hardness of granite, which is a 
rock of intrusive igneous origin, the erosive 
power of ice and wind combine to form an 
inclement force.  
Upper Glacier of Mount Fitz Roy, Southern 
Patagonia Ice Field, Argentina-Chile.

p. 87 Like Cerro Torre, this granite peak forms part 
of National Glacier Park, declared a World 
Heritage site by the UNESCO.  
Mount Fitz Roy, Southern Patagonia Ice 
Field, Argentina-Chile.

p. 85 The brusque profile that lends its name  
to this mountain of volcanic origin is the 
result of the aeolic and glacial erosion of 
basaltic rock.  
Cerro Castillo, Patagonia, Chile.

p.84 These granitic peaks can be deceiving, given 
that despite their tranquil appearance, they 
are scourged with violent gales. They are 
considered to be among the world’s most 
difficult summits to climb. Cerro Torre, 
Southern Patagonia Ice Field, Argentina.
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p.217 Mountaintop-removal mining is a form of 
violence against the land so extreme that it 
literally condemns mountains to death. It is 
for geological processes to soften the scars 
on the land. The damage will be visible as 
long as humans walk the Earth.

p. 215 The winter alternation between planetary 
poles forms part of the natural hydrological 
cycle. Global warming threatens to break this 
delicate balance.  
Brooks Range, Arctic Polar Circle,  
Alaska, United States.

p. 214 This prominent mountain, the second 
highest in the northern Americas, continues 
to rise and is the mass of non-volcanic origin 
with the greatest base circumference in the 
world. Mount Logan, Kluane National Park, 
Canada.

p. 213 The Arctic mountains accumulate so much 
snowfall that its weight is the source of 
crevasses, faults, and avalanches. The 
Antarctic accumulates less, since it loses 
snow through sublimation.  
Kenai Peninsula, Alaska, United States.

p. 212 High mountain glaciers are the “water 
towers” of the planet, given that they release 
this resource after having stored it part of 
the year in a solid state.  
Mount McKinley, Denali National Park and 
Preserve, Alaska, United States.

p. 211 Unlike other cordilleras in the northern 
Americas, which are of tectonic-volcanic 
origin, this mass is mostly volcanic. Mount 
Wrangell persists as an active volcano. 
Wrangell-St. Elias National Park and 
Preserve, Alaska, United States.

p. 210 Once the air bubbles that make ice look 
white are lost through compression, 
enormous glacial crystals are formed that are 
blue in color.  
Kenai Peninsula, Alaska, United States.

p. 209 This immense glacier, which converges with 
another two of the same magnitude, gives 
us an idea of the colossal forces that shaped 
the planet during the last Ice Age. Kennicott 
Glacier, Wrangell-St. Elias National Park 
and Preserve, Alaska, United States.

p. 208 A derivate of the Juneau Ice Field, this glacier 
empties its waters into Mendenhall Lake 
and the river that bears the same name. 
Mendenhall Glacier, Alaska, United States.

p. 207 In this region, deeply scored by glacial 
erosion, all mountains and most valleys are 
covered by immense glaciers.  
Cordillera University, Wrangell-St. Elias 
National Park and Preserve, Alaska, United 
States.

p. 206 This park, the broadest in the country, is 
nicknamed “North America’s Mountain 
Kingdom” because here, the masses it is 
named after converge with the Chugash 
Range. Wrangell-St. Elias National Park and 
Preserve, Alaska, United States.

p. 205 Over time, the erosive processes of 
mountains stabilize, allowing the 
establishment of permanent forests even in 
places with extreme climates.  
Wrangell-St. Elias National Park and 
Preserve, Alaska, United States.

p. 204 Thanks to the cushioning effect of the 
sea, the benign climate along North 
America’s northwestern coasts propitiates 
the development of vegetation on this 
peninsula.  
Kenai Peninsula, Alaska, United States.

p. 203 These mountains emerged due to the 
elevation of enormous masses (plutons) of 
intrusive igneous rock, left uncovered by the 
erosion of sedimentary rock above.  
Alaska Range, Denali National Park and 
Preserve, Alaska, United States.

p. 202 The variations in coloration that characterize 
this erosive canyon are due to hydrothermic 
alterations caused by intense volcanic 
activity in the region. Grand Canyon of the 
Yellowstone, Yellowstone National Park, 
Wyoming, United States.

p. 201 This prolongation of the Rocky Mountains 
represents the latitudinal limit of arboreal 
vegetation. Here, the continent’s greatest 
herds of wild caribou are found.  
Brooks Range, Alaska, United States.

p. 200 Although this range, which includes 
Mount McKinley, is exposed to one of the 
most inhospitable climates on the planet, 
abundant precipitation makes life possible. 
Alaska Range, Denali National Park and 
Preserve, Alaska, United States.

p. 199 This is the highest summit in North America, 
both in terms of altitude (6 195 m.a.s.l.) and 
prominence (6 149 m) compared to the 
surrounding terrain. Mount McKinley and 
Wonder Lake, Denali National Park and 
Preserve, Alaska, United States.

p. 197 Geological diversity translates into multiple 
habitats occupied by wetlands, tundra and 
taiga, or boreal forest ecosystems.  
Kenai Peninsula, Alaska, United States.

p. 196 The intense tectonic activity along the 
western edge of North America formed 
hundreds of high mountains and volcanoes 
on the coasts of Canada and the United 
States. Denali National Park and Preserve, 
Alaska, United States.

p. 195 The formation of this fascinating glacier of 
rock and ice, whose structure is similar to 
that of permafrost, continues to intrigue 
scientists. Sourdough Glacier, Wrangell-St. 
Elias National Park and Preserve, Alaska, 
United States.

p. 194 This mountain, which belongs to the coastal 
range that bears the same name, is the third 
highest in the northern Americas. It measures 
5 489 m.a.s.l.. Mount Saint Elias, Wrangell-St. 
Elias National Park and Preserve, Alaska, 
United States.

p. 193 Also declared a World Heritage Site, this 
park, the largest in the Rockies (1 087 800 
hectares), preserves the Columbia Ice Field 
and its glaciers.  
Mount Pyramid, Jasper National Park, 
Canada.

p. 192 During the last Ice Age, the erosive action 
of glaciers formed the many peaks, valleys, 
and lakes that surround the Wapta Ice Field. 
McDonald Lake, Rocky Mountains, Banff 
National Park, Canada.

p. 191 Due to the geological, ecological, and 
paleontological diversity it preserves, this 
and other parks in the Rocky Mountains 
have been declared World Heritage Sites. 
Observation Peak, Rocky Mountains, Banff 
National Park, Canada.

p. 190 Located at the bottom of Mount Crowfoot, 
this lake receives water from the thawing of 
Bow Glacier, located on the eastern slope of 
the Wapta Ice Field.  
Bow Lake, Rocky Mountains,  
Banff National Park, Canada.

p. 189 This lake is supplied by glacial thaws. Erosive 
particles suspended in the water give it its 
turquoise color.  
Peyto Lake, Rocky Mountains,  
Banff National Park, Canada.

p. 188 This park is the most ancient in Canada. It 
protects ice fields, glaciers, valleys, rivers, 
old-growth conifer forests, and alpine 
ecosystems.  
Rocky Mountains,  
Banff National Park, Canada.

p. 187 Of the 150 glaciers once found in this region 
during the mid-19th century, only 25 remain 
due to the effects of global warming.  
Rocky Mountains, Glacier National Park, 
Montana, United States.

p. 186 This park, nicknamed “backbone of the 
world,” preserves sections of two sub-ranges 
of the Rocky Mountains, hundreds of lakes, 
and many species of North American flora 
and fauna. Rocky Mountains, Glacier 
National Park, Montana, United States.

p. 185 Here is where the American Great Plains end 
and the Rocky Mountains begin, with an 
abrupt change in altitude equivalent to  
1 500 m.a.s.l. Saint Mary Lake, Rocky 
Mountains, Glacier National Park, 
Montana, United States.

p. 183 This mountain of volcanic origin owes its 
current shape to the intense erosive effect 
of glaciers that covered it in the remote past. 
Camel’s Hump, Green Mountain National 
Forest, Vermont, United States.

p. 182 On this mountain, rocks of intrusive igneous 
origin feature striations that remained 
hidden up until recently, when receding 
glaciers left them exposed.  
Mount Katahdin, Baxter State Park, Maine, 
United States.

p. 181 Part of an enormous laccolite (magma that 
has cooled underground) that formed 400 
million years ago, this mountain emerged 
as its surroundings were gradually lost to 
erosion. Mount Katahdin, Baxter State Park, 
Maine, United States.

p. 180 Surrounded by lakes, waterfalls, sub-alpine 
meadows, temperate old-growth forests and 
26 glaciers, the stratovolcanic cone of this 
mountain reaches 4 392 m.a.s.l.  
Mount Rainier, Mount Rainier National 
Park, United States.

p. 179 In this mountain mass some of North 
America’s most ancient rocks (2.5 billion 
years old) and youngest ranges  
(9 million years old) are found.  
Grand Teton, Grand Teton National Park, 
Wyoming, United States.

p. 178 The most extraordinary characteristic of 
this mountain is that it is a monolith that 
was brought to the surface by a fault-block. 
Mount Moran, Grand Teton National Park, 
Wyoming, United States.

p. 177 This magnificent sub-range of the 
Appalachians forms part of a biosphere 
reserve that protects 76 000 hectares of old 
growth temperate forests.  
Great Smoky Mountains National Park,  
United States.

p. 176.  Unlike the remainder of the mass, which 
is formed by granite and limestone, 
these peaks are made of shale, a brittle 
sedimentary rock rich in organic detritus. 
Maroon Bells, Rocky Mountains, Colorado, 
United States.

p. 175 The impressive outcroppings of limestone 
in this mountain range are the highest 
summits found in Texas. Millions of years 
ago, they formed part of a coral reef. 
Guadalupe Mountains, United States.

p. 174 In addition to 20 wildlife reserves and two 
natural monuments, this mountain range 
concentrates three national parks, including 
Yosemite.  
Sierra Nevada, California, United States.

p. 173 Measuring over 4 800 km in length, this 
cordillera, nestled in the western region 
of North America, constitutes a watershed 
between the Atlantic and Pacific basins. 
Rocky Mountains, Colorado, United States.

p. 172 The Appalachian Mountains are the largest 
range in eastern North America. Their 
geology is highly complex, because they 
have experienced two episodes of tectonic 
elevation.  
Baxter State Park, United States.

p. 171 In addition to protecting one of the last 
Mesoamerican mesophilic mountain 
forests, this reserve shelters the splendid 
Quetzal (Pharomachrus mocinno) and other 
endemic birds. El Triunfo Biosphere Reserve, 
Chiapas Sierra Madre, Mexico.

p. 169 There are 16 great active and inactive 
volcanoes along the Trans-Mexican Volcanic 
Belt, which begins in the Revillagigedo 
Islands and ends at the Peak of Orizaba. 
Colima Volcano, Mexico.

p. 168 This volcano, made world famous by its 
explosive eruption in 1982, has returned to 
dormancy. However, there are still active 
vents in its crater, occupied by a lagoon. 
Chichonal Volcano, Mexico.

p. 167 The volume of the north and northeastern 
glaciers of the volcano is estimated at  
17 000 000 m3. If an eruption were to knock 
them loose, the resulting avalanche would 
be catastrophic.  
Popocatépetl Volcano, Mexico.

p. 166 This active stratovolcano also belongs to 
the Trans-Mexican Volcanic Belt, a bio-
geographic barrier that separates South 
American flora and fauna from that of  
North America.  
Colima Volcano, Mexico.

p. 165 The distinctive feature of this stratovolcano 
is the presence of two lagoons, separated  
by a lava vault that extinguished the crater  
700 years ago.  
Nevado de Toluca, Mexico.

p. 164 These mountains, form part of the Trans-
Mexican Volcanic Belt, occupy fifth place 
(Popocatépetl, 5 410 m.a.s.l.) and eighth 
place (Iztaccíhuatl, 5 230 m.a.s.l.) among 
the highest in North America. Iztaccíhuatl-
Popocatépetl National Park, Mexico.

p. 163 This volcano, in the Trans-Mexican Volcanic 
Belt converges with the Sierra Madre 
Oriental, is the highest summit in Mexico 
and the third highest in North America (5 
610 m.a.s.l.). Citlaltépetl or Orizaba Peak, 
Puebla-Veracruz, Mexico.

p. 162 The process that separated Baja California 
from the North American Plate around 12-15 
million years ago (today it belongs to the 
Pacific Plate) intensified volcanic activity on 
the peninsula.  
Tres Vírgenes Volcano, Mexico

p. 161 The elevation of the northernmost edge of 
a submarine cordillera called the East Pacific 
Rise, which reaches the Antarctic, gave rise 
to Baja California.  
Sierra de la Giganta, Mexico.

p. 160 Pine and live oak forests populate the high 
sierra. Separated by broad valleys and lower-
lying deserts, they are considered to be 
“altitudinal islands.”  
Sierra Madre Oriental, Mexico.

p. 159 The profusion of hills and cliffs that is 
characteristic of this tectonic mountain 
chain was created by the folding of thick 
layers of marine sedimentary rock.  
Farallón del Diablo, Sierra Madre Oriental, 
Mexico.

p. 158 Mesophilic mountain forests, which  
are characterized by their abundant 
epiphyte vegetation, dominate this rainy 
highland region.  
Juárez Sierra, Sierra Madre de Oaxaca, 
Mexico.

p. 157. The flowering of pine and live oak forests 
in the Mexican sierras, which takes place in 
autumn, adorns the meadows with cosmos 
and other native flowers.  
Tapalpa Sierra, Sierra Madre Occidental, 
Mexico.

p. 155 Mount Chirripó, which belongs to the 
Talamanca Cordillera, is the highest in the 
country (3 820 m.a.s.l.) and forms part of 
La Amistad International Park. Chirripó 
National Park, Costa Rica.
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