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128. Remnants of penitentes, the wind-sculpted ice figures that once
guarded the approaches to Aconcagua; these on the Relinchos glacier
at c4800m. As the world has warmed, the fields of penitentes have
withered. (Stephen Goodwin)



Summits of Learning

The AC Seminar on 150 Years of Mountaineering,
Mountains and Science

As part of the AC's l50th anniversary celebrations, our member Martin
Price, professor of mountain studies at the University of the HigWands

and Islands, organised a seminar in London to highlight the radical, and
accelerating processes of change that have been underway in mountain
environments over the Club's lifetime. Entitled Summits of Learning: 150
Years of Mountaineering, Mountains and Science, the day-long event was held
at the Swiss Embassy on 4 December and followed by a reception hosted
by the Ambassador of Switzerland, Alexis Lautenberg.

While the reception proved a most enjoyable and comfortable soiree, the
seminar might best be described as 'stimulating but disturbing'. As one
professor after another detailed the consequences of global warming and
people pressure on glaciers, plants and downstream populations, the
summary that sprang most readily to mind came not from an academic but
from Corporal Frazer of Dad's Army: 'Doom, doom ...We're all doomed.'

For AC members among the 60 people who attended, the facts of glacier
retreat and forest degradation were not exactly a blinding revelation - we've
been observing it first hand for years. None the less, when glaciologist
Wilfried Haeberli of the University of Zurich warned that even on a modest
scenario for global warming most glacier ice will be gone from the Alps by
2050, mountaineers winced. The idea of only slivers of glacier left clinging
to Mont Blanc and Monte Rosa is quite shocking.

That, of course, is only the selfish climber's reading of the consequences;
far more serious, as Haeberli and hydrologist Rolf Weingartner of the
University of Berne made clear, is the impact on agriculture and cities on
the plains as changed water flow patterns result in drought and floods.
Weingartner called for a 'revolution' in water management, the probable
alternative, it seemed, in parts of the world such as the Nile region, being war.

Mountains, their environments, communities and vital importance as
'water towers' for the plains, gained a foothold on the international political
agenda in 1992, with recognition in Agenda 21 at the UN Earth Summit in
Rio de Janeiro. AC honorary member Bruno Messerli, also of the University
of Berne and centrally involved in developing the mountain chapter in
Agenda 21, said mountains had become a new priority for the scientific
and political communities. 'The mountains have a new significance since
it J:las become clear that climate change will first influence these very
vulnerable and sensitive ecosystems.' he said.
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Research thus becomes increasingly important, not least to make the case
for difficult political steps. What then? Even in the event of global warming
being stemmed, the mountain world is going to take some time to return to
the state in which the AC pioneers found it 150 years ago. In the words of
Professor Haeberli: 'Earth will probably need 70,000 years to forget the
experiment man is doing now.'

The seminar report that follows opens with a scene-setter by Ed Douglas
on the relationship between science, mountaineering, exploration and the
Alpine Club followed by abstracts from key speakers. Professor Messerli's
article updates his seminar contribution with the very welcome agreement
by the UN of a resolution on sustainable mountain development. The report
concludes with an article by US geographer Alton Byers on landscape
change, particularly in the Everest area, and the remedial work of the Alpine
Conservation Partnership. Byers expands on his contribution at the seminar
and points to at least one way in which climbers might make amends for
their own guilty part, as advent~re tourists, airline users and global
consumers, in these crises of the mountains.

Stephen Goodwin

SCIENCE AND MOUNTAINEERING
EdDouglas

Had you been leaving church in the country surrounding London on a
winter Sunday morning in the 1880s you might have encountered a group
of a dozen or so middle-aged men, some of them powerfully bearded,
rushing past the lych gate. This group had not been in church on their
knees, like the rest of the population. In fact, their walks were a deliberate
escape from worship because these men were not muscular Christians. They
were muscular agnostics.

Leading the way, metaphorically if not literally, was Leslie Stephen, former
president of the Alpine Club and recently at work on his new Dictionary of
National Biography. Quite a few of his walking companions on what were
dubbed Sunday Tramps would be among the entries of the first edition. If
they were talking at all, it was to argue about the great intellectual debates
of the day. And in that fashion the procession of jurists and philosophers,
journalists and engineers and poets, all of them connected in some way to
the angular form of Stephen, marched along country lanes in rude
intellectual health.

One of their number was Francis Edgeworth, the influential economist
then teaching at King's College, London. He pursued a kind of proto game
theory, an early explorer of ideas that seem very contemporary. Born in
County Longford, Edgeworth had an unquenchable passion for life, as a
friend explained after his death:
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'He was an insatiable reader, but his love of walking, mountaineering,
golf, and boating, with his strict and regular habits, maintained to the last
his wonderful vitality. Every summer, even at the age of 80, he used to
bathe before breakfast, and he would often be seen riding his bicycle in the
country round Oxford or playing on the course at Cowley. But as a walker
he was perhaps most indefatigable; and he was the life and soul of those
Sunday tramps. To a courtly grace, derived perhaps from his Spanish mother,
he added the Irish characteristics of humour, imagination and generosity.
He was the merriest of men, and seemed to possess the secret of perpetual
youth, both of mind and of body.'

Like Stephen, Edgeworth was also a founding editor of the Economic
Journal, a position he held until his death. His successor was John Maynard
Keynes, a friend of George Mallory, another link between Stephen's
mountaineering world and the Bloomsbury group.

Edgeworth, whose long life spanned the most extraordinary period in
British history, was born eight years after Victoria came to the throne and
died eight years after the shock of the Great War. I don't know if he was a
member of the Alpine Club, but he illustrates how physically vigorous the
Victorian intelligentsia often was. Much of society now forgets how physical
most of human history has been.

These men, and alas they were almost always men, did not stay in their
ivory towers. They roamed across the Earth. The same restless, assured
ambition that brought Empire and industrialisation was also present in
science. Charles Darwin endured seasickness and fever to sail round the
world on the Beagle. In 1846, Darwin's bulldog, Thomas Huxley, sailed on
the Rattlesnake to explore New Guinea and Australia. In 1849 Darwin's
friend and correspondent Joseph Hooker was detained in the wilds of Sikkim
for illegally crossing the border into Tibet.

So much of nature still waited for a scientific explanation to overtake the
version offered by the Book of Genesis that physical exploration and
scientific discovery became for a short while intertwined. And, for a while
at least, the Alpine Club was caught up in that too.

Historians often portray the Alpine Club as a conglomerate of predictable
lawyers and clergymen, and mountaineering as just another bourgeois
summer pastime for the middle classes with time on their hands. Sporting
clubs were appearing all over Britain at this time. But those lawyers were
often radical Liberals, like the great James Bryce, and many of theclergymen
leaned towards Anglicanism of the socialist Franklin Maurice. Then there
were agnostics like Stephen. There was something surprisingly subversive
about the early Alpine Club, which is partly what the Establishment reacted
against in 1865 following the Matterhorn tragedy.

Part of that whiff of challenge was also reflected in the Alpine Club's
early connections to science. Because while there have always been a sur
prisingly large number of great scientists with a passion for the mountains
and mountaineering, in the mid nineteenth century, mountains were the
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focus for great scientific discoveries. They were the zeitgeist, in the way
that quantum mechanics or artificial intelligence was in the 20th century.

There is a seamless progression from Alexander von Humboldt to the
zoologist, geologist and glaciologist Louis Agassiz, whose book Etudes sur
les Glaciers transfixed Victorian England, to J D Forbes, who met Agassiz
at a British Association meeting in Edinburgh, later working with him in
the Alps. After which, in the way of these things, they fell out, starting a
cascade of squabbles and spats that punctuated scientific exploration and
the history of the Alpine Club equally.

Agassiz and other glaciologists were promoting the idea of an Ice Age to
a general public infused with Romantic ideas of the sublime. Suddenly,
here was science, a physical understanding of the world, which matched
the scale and scope of philosophy. Coleridge asked who could not believe
in God after seeing a glacier. Shelley, who pointedly signed himself into his
hotel in Chamonix as atheos, or atheist, found in glaciers evidence of a
random and remorseless natural world. After visiting the Glacier des
Bossons, he wrote of glaciers as agents of cataclysmic upheaval and personal
annihilation. The possibility of a new Ice Age was for Shelley 'sublime but
gloomy'. How ironic, then, that it is the retreat of glaciers that is alerting
humanity to a possible apocalypse.

So for a while, leading up to the formation of the Alpine Club, Western
society's understanding of nature was undergoing an extraordinary change,
both scientifically and culturally, with each feeding off the other. And some
of the protagonists in that change met at the Alpine Club. John Ruskin is
an obvious example, as is Stephen, and there are others, like Thomas
Bonney, but one man stands out in particular as both a leading mountaineer
and a leading scientist, John Tyndall.

Tyndall was born in 1820 at Leighlin Bridge in County Carlow. He left
school at 17, with no chance of going to university but with a solid ground
ing in maths. He worked as a surveyor, first in Ireland and later in England,
but was sacked by the Ordnance Survey after complaining about how the
Survey was managed and its treatment of Irish employees. He worked various
ly as a private surveyor on the railways and as a maths teacher at Queenwood
College in Hampshire. He befriended the science teacher there, Edward
Frankland, and together they travelled to Marburg for a scientific education.

Tyndall was by now 28. He had his doctorate within two years, despite
being required to study in German, and stayed on in Germany to do further
research on magnetism and diamagnetic polarity. It was while a student
that he discovered the Alps, walking all the way from Marburg 'trusting to
my legs and my stick, repudiating guides, eating bread and milk, and
sleeping in country villages where nobody could detect my accent'.

He was an indomitable man, truly self-made. His work on magnetism in
Germany brought him to the attention of the British scientific establishment
and he became friends with men like Michael Faraday and in particular
Thomas Huxley, who shared his passion for the mountains. His first lecture
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to the Royal Institution was so successful that they invited him to do another,
and then a series of lectures, and then offered him a job. Seven years after
walking to the Alps as an impecunious student he was back with Huxley,
climbing Mont Blanc for three years in a row and doing experiments while
he was about it.

He was a truly great mountaineer. In 1858, four years after the so-called
Golden Age of Alpinism began with the ascent of the Wetterhorn, Tyndall
made a daring and controversial ascent of Monte Rosa, revealing his
qualities as an alpinist, just as his lectures at the Royal Institution revealed
his qualities as a scientist. 'It is an entirely new experience to be alone amid
these scenes of majesty and desolation. The peaks wear a more solemn
aspect, the sun shines with a purer light into the soul, the blue of heaven is
more awful ... the feeling of self-reliance is very sweet, and you contract a
closer friendship with the universe than when you trust to the eye and arm
of your guide.'

His greatest climb was the first ascent of the Weisshorn by its east ridge
in 1861. Remoter than the Matterhorn, perhaps less dramatic and as a
consequence less prized by the public, it is for climbers, discerning ones
anyway, just as appealing a prize. Leslie Stephen called it 'an almost faultless
mountain'. It took Tyndall and his guides 19 hours to reach the summit,
which when you consider he spent much of his life in poor health is
extraordinary. He also came close to the first ascent of the Matterhorn in
1862, missing out to Edward Whymper who rather wrote down Tyndall's
contribution in his classic account Scrambles in the Alps. Tyndall's own
memoir appeared in the same year but was called Hours of Exercise in the
Alps. Titles are everything.

At the same time as his mountaineering career was reaching its crescendo,
he did the scientific work for which he is perhaps now best remembered,
the absorption of infrared light or 'radiant heat' as it was then known, by
different gases. In 1859, the year he first explored the Matterhorn, he
designed an elegant piece of apparatus to test this and within six months
had concrete results. Oxygen and nitrogen, which make up 99 percent of
the atmosphere, were almost transparent to it. Trace gases like carbon
dioxide, water vapour and ozone were almost opaque. Tyndall found that
water vapour was the most potent greenhouse gas by far and concluded
that water vapour must 'form one of the chief foundation-stones of the
science of meteorology.'

These were powerful insights but the marriage of science and mountain
eering couldn't last. It was, however, the mountaineers who instigated the
divorce. In 1862 Leslie Stephen read a paper to the Alpine Club that mocked
the utilitarian value of climbing a mountain during an imaginary ascent of
the Ober Gabelhorn:

'''And what philosophical observations did you make?" will be the inquiry
of one of those fanatics who, by a reasoning process to me utterly inscrutable,
have somehow irrevocably associated alpine travelling with science. To them
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I answer that the temperature was approximately (I had no thermometer)
212 degrees (Fahrenheit) below freezing point. As for ozone, if any existed
in the atmosphere, it was a greater fool than I take it for. As we had,
unluckily, no barometer, I am unable to give the usual information as to
the extent of our deviation from the correct altitude, but the federal map
ftxes the height at 13,855 feet.'

A smart-arse, was Leslie Stephen, and his more serious point was lost on
Tyndall, who was deeply offended and resigned his membership of the
Alpine Club, despite having just been made a vice-president. The climbing
didn't finish though, and in 1868 he made the fIrst traverse of the Matterhorn
aged 48. Cleverly, he waited until his mid 50s before he married, very
happily, although his death some years later was caused by his wife's tragic
misreading of the label on a bottle of medicine. Both husband and wife,
almost immediately aware of her error, knew he was doomed.

Tyndall's legacy has comfortably outlasted Stephen's, through the money
he bestowed on universities from his lectures, for example, and through his
work which is continued by institutions like the Tyndall Centre for Climate
Change. But the physical restlessness that also characterised Tyndall is
echoed in the career of scientists who have followed in his footsteps, like
the glaciologist Lonnie Thompson whose work on tropical ice cores has
been so influential in the climate change debate. The antipathy has continued
too. One of Thompson's colleagues, the British glaciologist John Mercer,
famous for doing his fteld work in the nude, fell out spectacularly with
another president of the Alpine Club, Eric Shipton, on the Patagonian Ice
Cap a century after Stephen and Tyndall squabbled.

That antagonism is fascinating to me, a microcosm of the two cultures
immortalised by C P Snow. It's the tension between two questions, why we
live, and how we live. Scientists are useful for the ftrst, artists for the second,
that's the way we tend to look at it. But I think evolutionary psychologists,
in particular, would ftnd a proper look at climbing mountains a useful
exercise. You can measure air pressure on a mountain, so why not the
mind? What is so precious up there that it's worth risking your life for? So
far, that question has largely remained the domain of artists.

Samuel Coleridge, for example, captured the state of mind of a risk-taker
as well as anyone before or since. 'There is one sort of Gambling, to which
I am much addicted;' he wrote to his lover Sara Hutchinson after his
experience on Broad Stand in 1802. 'When I ftnd it convenient to descend
from a mountain, I am too conftdent and too indolent to look round about
and wind about 'till I ftnd a track or other symptom of safety; but I wander
on, and where it is ftrst possible to descend, there I go - relying upon fortune
for how far down this possibility will continue.'

Not good mountaineering practice, but I love the phrase 'symptom of
safety', treating security as though it were a disease. He is caught up in the
immediacy of feeling, half thrilled half terrifted, as he contemplates climbing
and jumping between each terrace and ledge. Finally, the prospect of the



129. Right
John Tyndall:

a passion for science
and daring alpinism.

(Alpine Club Photo Library)

130. Left
Leslie Stephen:
precipitated 'divorce'
between mountaineering
and science.
(Alpine Club Photo Library)
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next hard move is too much and he is forced to lie down to recover his
equilibrium. '0 God, I exclaimed aloud - how calm, how blessed am I
now - I know not how to proceed, how to return, but I am calm and fearless
and confident.'

The question is, why? It's one of the great paradoxes of human beings
that we want security but are bored by it. I once interviewed the psychologist
Steven Pinker and was discussing with him the alleged crisis among men
in modern Western society. He described to me the circumstances of our
social groupings, in which we evolved. 'Small groups of men,' he said,
'working together in a risky environment to solve problems. That's what
makes us happy.' That does sound remarkably familiar.

Of course we have an innate desire to seek security, both in terms of the
resources we can draw on to survive and bring up children, and in security
from threat. But we also have the tools to face an environment that is more
dangerous than the one we have created for ourselves. Solving problems,
facing risk and working as a team make us happy as individuals. They are
their own reward. It is under these circumstances that our brains are doing
what they are designed for. Take away risk and adventure - in their broadest
meanings - and the kind of boredom that leads to drug abuse and joyriding
can prosper. But no one wants to live in a dangerous environment, at least
not for long. Both Reinhold Messner and Doug Scott have written that the
sweetest moment in an expedition is the moment just before you reach
base camp, when the climb is almost over.

Mountaineering's image is of an exciting but dangerous enterprise that
adds lustre to an individual's reputation as a risk-taker, someone who is
determined to live life to the full. Francis Edgeworth would have understood
that gamble. For me, it is a satisfying way to live, a way to calm a restless
spirit. But climbing is a little world, and ultimately a small but satisfying
glimpse of heaven. I think George Mallory understood that even as he set
out for Everest for one more try. Knowing John Maynard Keynes and the
Bloomsbury set left him with the sense that the world he had chosen was
too small to realise his ambition. He guessed, I suppose, that the greatest
explorers were never those seeking new shores or hacking through jungles.
Those fellows were just the pretty assistants. The real magicians are those
with minds agile enough to discover what is both true and unknown, about
the world we live in and the way we are.

Right

131. Grenz glacier between Monte Rosa (left) and Liskamm. By 2050 this
could be among the few slivers of glacier left in the Alps.
(Stephen Goodwin)
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THE ALPS WITHOUT ICE?
Wilfried Haeberli
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Snow and ice have very different characteristics and functions in high
mountain landscapes. Snow primarily depends on short-term weather
conditions and constitutes a 'nervous interface 'with respect to processes and
interactions between the atmosphere, the earth surface and living conditions
for plants, animals, and humans. Glaciers, on the other hand, are 'safe
indicators' of integrated climatic changes. The global trend of shrinking
glaciers is a key indication of worldwide and rapid changes in the complex
climate system. Such changes also induce strong effects and long-term
disequilibria within deep layers of perennially frozen slopes (permafrost),
mainly found above the Alpine timberline. Due to the slow diffusion of
heat in the ground, the response of permafrost - the 'invisible deep disturbance'
- to climate change involves a large inertia, but will continue for a very
long time (centuries to millennia).

Changes in the snow and ice of high-mountain areas are primarily driven
by climate and have taken place in recent decades on a worldwide scale
and at high, if not increasing, rates. In the Alps, glaciers lost about half
their total volume (roughly 0.5% per year) between 1850 and around 1975,
another 25% (or 1% per year) of the remaining amount between 1975 and
2000, and additional 10 to 15% (or 2 to 3% per year) in the fIrst 5 years of
this century.
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During the 20th century, the warming of permafrost on mountain
summits, due to atmospheric temperature rise, reached depths of more
than SO metres. Realistic climate-change scenarios for the Alps indicate
that glaciers could largely disappear in coming decades, and that increasing
thermal anomalies are likely to affect permafrost down to 100 metres or
more, causing deep thaw, penetration of water in ice-ftlled crack systems
and, hence, reduced slope stability and increasing probability of large rock
falls above timberline. Seasonal snow may become restricted to high
altitudes and a few winter months.

Such developments mean that we are moving ever further from
documented past conditions and empirical knowledge. More and more
pronounced disequilibria are likely to develop in the water cycle, mass
wasting processes, river sediment fluxes, and growing conditions of
vegetation. Far beyond the Alps, the combination of earlier snow melt,
reduced summer precipitation and vanishing melt water from glaciers
may cause serious long-lasting droughts towards the end of hot-dry
summers, which could become much more frequent. On the other hand,
the decreasing proportion of solid winter precipitation may reduce the
dampening effect of mountains with regard to floods during the cold
season, which could become wetter than now. As a consequence, too
little as well as too much water could constitute an essential large-scale
threat from the Alps without ice.

Professor Wilfried Haeberli, Geography Department, University of Zurich,
has contributed to all of the reports of the Intergovernmental Panel on
Climate Change (IPCC). In 1986 he was appointed director of the World
Glacier Monitoring Service.
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150 YEARS OF MOUNTAIN MEDICINE
Jim Mil/edge
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When the AC was formed in 1857, our understanding of medicine and
physiology was primitive compared to today. For instance, the germ theory
of disease was not established and it was another 40 years before the role of
oxygen lack and carbon dioxide in breathing was demonstrated. As a result
of ascents to high altitude in balloons and on mountains, descriptions of
acute mountain sickness, as we would now call it, did exist; however, they
were mixed with the effects of cold and exhaustion and some seem bizarre
to us now.

JS Haldane led an important early Anglo-American expedition to Pikes
Peak in 1911 to study the same subject. His work on the mechanisms of
altitude acclimatization has withstood the test of time, though the claim
that the lungs secrete oxygen was disproved by Joseph Barcroft, who led
another Anglo-American expedition to Peru in 1920. A further international
expedition to Chile in 1935 undertook studies up to 6l40m. The seven
Everest expeditions between the wars yielded very little medical scientific
data, though they did stimulate interest in the subject.

In 1952, on a pilot expedition to Cho Oyu (8l40m), Griffith Pugh studied
climbing at high altitude with supplementary oxygen, providing data for
the design of an oxygen climbing set. Together with Pugh's insistence on
the importance of adequate fluid for climbers at altitude, these were the
crucial factors enabling the British to succeed on Everest in 1953 where the
Swiss had failed in 1952.

Following these two expeditions, Pugh and Edmund Hillary organised a
major scientific expedition, the 'Silver Hut' in 1960-61, on which scientists
spent the winter at 5800m before accompanying climbers on an attempt to
climb Makalu (848lm). The objective was to study the mechanisms of really
long-term acclimatisation at great altitude. In 1981, John West led an
American Medical Research Expedition to Everest with similar objectives
- but with more modern equipment more could be done. Barometric
pressure and temperature were measured on the summit for the first time,
and alveolar gas samples were taken there together with blood samples
from subjects on the South Col. In direct descent was the mammoth 2007
Caudwell Xtreme Everest Expedition involving 10 summit climbers, 30 or
so scientists, and 200 trekkers who acted as subjects. All were"studied in
London, Kathmandu, Namche, Pheriche, and Base Camp, with further

Left

132. The Silver Hut on site on the upper Mingbo glacier just east of Ama
Dablam in the Everest region of Nepal, winter 1960-61. The altitude is
5800m where the barometric pressure is just half that at sea level.
This was our home and laboratory for the winter. (Jim Milledge)



133. Inside the Silver Hut, John West acting as subject for a control of breathing
study. He is breathing from one of the big bags via one-way respiratory
valves. The gas mixtures were made up to have varying percentages of
oxyygen and carbon dioxide. We measured his ventilation with the gas
meter (green box) and collected samples of his alveolar gas (from deep in
the lungs) via the device to the left of his face. The results gave us a measure
of the change in his sensitivity to carbon dioxide and oxygen lack (hypoxia)
with acclimatisation. (Jim MilIedge)

studies on the core group in the Western Cwm and South Col. Arterial
samples for blood gas were taken up to 8400m. In all, some 30 projects
were undertaken.

All these expeditions concentrated mainly on the physiology of
acclimatization, but the diseases of altitude were being studied at the same
time by others. We now recognise three: acute mountain sickness (AMS),
high-altitude cerebral edema (RACE), and high-altitude pulmonary edema
(RAPE). AMS, a self-limiting condition characterised by headache, nausea,
vomiting, and misery, gradually became recognised by the mountaineering
world, especially as more people travelled faster to higher altitudes. RAPE
and RACE can be fatal in a few hours or days. In the last 40 years, studies
have shown that various drugs can help, though the most important action
is to get the patient down.

Dr Jim Milledge has been involved in high-altitude medicine and physiology since
1960 when he was a member of the 'Silver Hut' scientific and mountaineen'ng
expedition. A general and respiratory physician, he retiredfrom the NHS in 1995.
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MOUNTAIN WATERS:
THEIR. SIGNIFICANCE IN A CHANGING WORLD

Rolf Weingartner
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More and more people are obliged to share the world's water resources
and this has far-reaching consequences with regard to food supplies. From
the agricultural point of view, a distinction is made between blue and green
water. Blue water flows into rivers and can be used for irrigation. Today,
around 20 per cent of food production comes from irrigated land. Green
water, which supplies all non-irrigated vegetation, and is present in the
root zone, is far more important, contributing 80 per cent of food production.

In view of this pressure on water supplies, mountain water resources are
becoming increasingly important. The particular hydrological characteristics
of mountain areas can be summarised as follows: (1) considerable runoff
as a result of higher orographic precipitation; (2) seasonal delay of runoff
owing to the accumulation of winter precipitation in the form of snow and
ice; (3) highly reliable runoff resulting from the regularity of the snow and
ice melt.

Mountains cover approximately 20 per cent of the Earth's land surface
(excluding Antarctica and Greenland) but account for some 30 per cent of
total mean runoff (blue water). If only non-tropical regions are considered,
the corresponding figures are 24 per cent of surface area and 46 per cent of
runoff. For example, the runoff from the Swiss Alps represents 44 per cent
of the total volume of the Rhine, although the Alpine part of the catchment
is only 15 per cent of the river's total catchment area. In arid and semi-arid
regions, this function of mountains as water towers is even more marked:
in such areas, over 90 per cent of runoff originates in the uplands, as in the
case of the Niger, Nile and Colorado rivers. In the drier lowland areas that
rely on this runoff, disputes concerning the use of the water have sometimes
led to violence. In the case of the Nile, the former Egyptian foreign minister
and UN secretary-general Boutros Boutros-Ghali has expressed the fear
that, 'The next war in our region will be over the waters of the Nile, not
over politics.'

The latest report of the Intergovernmental Panel on Climate Change
(IPCC) states categorically that global warming is a fact and that it is
influencing hydrological processes. Mountain areas are especially affected;
here the seasonal distribution of runoff is governed by the melting of snow
and glaciers - ie those processes that are particularly affected by climate
change. For this reason, the seasonal runoff pattern in the Swiss Alps, for
example, is bound to change; at the same time, total annual runoff will
decrease. This will have consequences for populations downstream; such
consequences will be far more serious in Third World countries where the
pressure on (mountain) water resources will rise sharply if there is both a
marked decrease in precipitation and a rapid growth in population.
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International cooperation and solidarity are required if we are to find
solutions to these problems, for example by improving water management
or cross-border river basin planning, as well as improvements in agriculture.
At the same time, the needs of mountain populations must not be ignored,
although they represent a minority with only 12 per cent of the world's
population.

Professor Rolf Weingartner, Geographical Institute of the University of Berne,
has focused on the development of the Hydrological Atlas for Switzerland. He
was a scientific expert in a World Bank project to save the Aral Sea and has
made many visits to Nepal, Pakistan and China within the 'People andResource
Dynamics in Watersheds of the Hindu Kush - Himalaya' project.

UPWARDLY MOBILE PLANTS
Harald Pauli

The alpine life zone comprises the high mountain area above the treeline.
It can be sub-divided into an alpine belt with closed dwarf vegetation and a
rock-, scree- and snow-dominated nival belt, where plants only sparsely
occur. A common characteristic of all high mountain ranges, in the tropics
as well as in temperate or polar latitudes, is that their plant life is controlled
by low-temperature conditions. Accelerating climate warming may therefore
threaten a unique and outstandingly rich biodiversity treasure when lowland
species invade into the alpine belt.

Already in the 19th century, botanists were searching for the upper limits
of mountain plants in the European Alps and they have left invaluable
data. The oldest reliable information dates back to l83S: Swiss clergyman
and naturalist Oswald Herr made the first ascent of Piz Linard, the highest
peak of Silvretta in the central Alps, and found a single patch of Alpine
androsace in the summit area. Seven subsequent visits between 1864 and
2003 showed a successive increase in species numbers on this summit, where
12 different nival plant species now live. The changes on Piz Linard were
not an exception. More than 30 other historic summit sites have been re
surveyed since the late 1980s, providing evidence of obvious increases in
species richness. Apparently, plants were migrating upward in the course
of climate warming during the 20th century.

These findings gave rise to the establishment of high-resolution permanent
plots in the high central Alps and to model predictions which suggested a
drastic decrease of cold-adapted species as climate warming continues. A
temperature increase of + SOC, which is within the range forecast for the
end of this century, would result in an upward shift of bio-climatic zones
by more than 700m. At least in the mid- to longer term, this could lead to
the disappearance of many alpine regions.
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Ecologists have so far been in a difficult situation when asked for the rate
of the expected losses. Consequently, at the turn of the millennium, an
international network of standardised permanent observation sites was
created. This Global Observation Research Initiative in Alpine Environments
(GLORlA: www.gloria.ac.at) attempts to operate as an early warning system
for an increasingly threatened high mountain biodiversity. It began in 18
European mountain regions and is now active in 53 mountain regions on
five continents. A low-cost monitoring approach aligned to summit zones,
and a worldwide community of concerned ecologists have made it possible
to include remote regions in the Andes and in the eastern Himalaya.
Resurveys at intervals of 5 to 10 years should allow the comparison of
actual changes across mountain regions.

In summer 2008, the first major re-investigation took place across the
mountains of Europe, from the Mediterranean to the sub-arctic. Some recent
changes can already be visualised: (1) advances of alpine treelines, as seen
in the Urals; (2) an expansion of alpine plants and a concurrent decline of
nival species in the high Alps within a single decade. Both are very likely
to result from ongoing climate warming.

Dr Harald Pauli is a member ofthe high mountain research group at the Department
of Conservation Biology, Vegetation and Landscape Ecology, University of Vienna.
He is scientific co-ordinator of the Global Observation Research Initiative in Alpine
Environments (GLORIA).

DEVELOPMENT OF A GLOBAL MOUNTAIN POLICY
Bruno Messerli

The last 20 years have seen a new priority given by both the scientific and
political communities towards the mountains. In a great surprise, on 12
December 2007 the United Nations General Assembly accepted a detailed
resolution recognising the 'crucial' importance of sustainable mountain
development and calling on governments to act. Coming just eight days
after the AC's 'Summits of Learning' seminar, perhaps we can think of this
as the last great gift in the Alpine Club's 150th anniversary year.

Key among the 42 paragraphs was the Assembly's recognition of, 'the
global importance of mountains as the source of most of the Earth's fresh
water, as repositories of rich biological diversity and other natural resources,
including timber and minerals, as popular destinations for recreation and
tourism and as areas of important cultural diversity, knowledge and
heritage ... ' The Assembly also noted 'with concern that populations in
mountain regions are frequently among the poorest of a given country and
that there remain key challenges to achieving sustainable mountain
deyelopment, eradicating poverty in mountain regions and protecting
mountain ecosystems.'
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The strong orientation of the Earth Summit in Rio de Janeiro in 1992
towards the environment and development provided the setting for an
intervention in the preparatory commission of 1991 in Geneva and that of
early 1992 in New York to ensure the inclusion of a mountain chapter in
Agenda 21. This was enthusiastically supported by delegates from the
Himalaya, the Andes and East Africa, who had already experienced
international co-operation through the International Centre for Integrated
Mountain Development (ICIMOD), founded in 1983 in Kathmandu for
the eight Hindu Kush-Himalayan countries, and also by the African
Mountain Association (founded in 1986 in Addis Ababa), and the Andean
Mountain Association (founded in 1991 in Santiago).

Although the new chapter was unanimously accepted at Rio, its impor
tance was not properly understood by many political delegations. Rather,
it was assumed that natural hazards, land use problems, agriculture and
forestry, and all aspects of development and conservation were part of
national policies and national competences that could hardly be classified
as having international or even glol5al importance.

This perception changed for the better five years later in New York at the
special session of the United Nations General Assembly for the evaluation
of Agenda 21. The UN Food and Agriculture Organization (FAO) was
officially designated task manager for implementation of the mountain
chapter. Fundamental, too, in providing greater awareness of the mountains
of the world, was the work of UNESCO and the United Nations University
(UNU) with their mountain research and development programmes, the
foundation of the Mountain Forum in 1995, and many local to regional
non-governmental activities.

Most important between 1992 and 1997 was the rethinking of the global
significance of mountains. As a result, the book Mountains of the World: A
Global Pn·ority (Messerli and Ives 1997) and an attractive brochure titled
Mountains of the World - Challenges jOr the 21st Century (Mountain Agenda
1997) were presented at the special 1997 Assembly. It was at this point that
the political delegates began to understand the global case for the mountains.
The expression 'water towers' was used as a catchword for the first time,
and attention was focused on mountains as areas of biological and cultural
diversity, as vital recreation areas for a more urbanized world population,
as sacred places for different cultures and religions, privileged regions for
protection and, especially, for water resources. These aspects not only have
a local or national importance but, more important, an international
regional-to-global significance.

One year later, in 1998, water problems were the main topic on the agenda
of the UN Commission for Sustainable Development (UNCSD) in New
York. For this commission meeting another brochure was created, entitled
Mountains of the World - Water TowersjOr the 21st Century, and presented to
the national representatives. The headwaters of most major rivers of the
world form in the mountains, and probably more than half of humanity
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relies directly or indirectly on the fresh water that accumulates in the
mountains. This message was well understood in the global political arena:
the mountains of the world were no longer merely local and national
problems, they gained global significance, especially for the 21 st century.

Based on this new understanding, it was decided shortly afterwards to
designate 2002 an 'International Year of Mountains.' Then in 2000, the
General Assembly declared 2003 as the 'International Year of Freshwater'.
These two international years on mountains and on freshwater offered
possibilities for co-operation and improved information for the political
community, and encouragement for the scientific community to take new
initiatives and new responsibilities for basic and applied research projects
on mountain watersheds and mountain water resources.

Mountain rivers cross borders and create problems and conflicts between
neighbours and between countries in the higWands and lowlands about
quantity and quality of water resources. Legally binding agreements among
all the different countries of a mountain system exist only for the Alps, the
Carpathians, and the Rocky Mountains, but not yet for all the other much
more critical mountain regions, especially those in the developing countries.
Therefore, we need not only political goodwill and good scientific data,
but also a better cooperation between policy and science.

We must discuss not only the development of a global mountain water
policy as a support for the urgently needed regional agreements, but
also the development of hydrological mountain knowledge as a basis
for just and peaceful solutions. On this and other cross-border issues,
mountains could become bridge-builders for peaceful co-operation between
neighbouring states.

Professor Bruno Messerli, Geographical Institute of the University of Berne,
was centrally involved in developing and implementing the mountain dzapter
in Agenda 21 for the Earth Summit in 1992 and the International Year of
Mountains in 2002. From 1979 to 1996 he led 11?search in Nepal about natural
hazards and soil erosion, and the significance ofthe Himalayan riversforfloods
in Bangladesh.
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