GLACIER AMBIENCE 
FOOT STEPS IN SNOW

Long before "climate change" became the well-known term - Lonnie Thompson was hiking up to the most remote tropical glaciers to download ice samples to study. 
    In Peru, he has been called a "folk hero" and a "true Indiana Jones." And three years ago Lonnie Thompson’s work was acknowledged in Al Gore's documentary "An Inconvenient Truth" 

AL GORE
The ice has stories to tell us: My friend Lonnie Thompson digs core drills into the ice. The up-down and they bring the core drills up and they look at the ice and they study it ... 
LONNIE TOUR OF THE FREEZER

Well in here it's minus 30 ... 

We are in the basement of the Byrd Polar Research Center at the University of Columbus, in Ohio. Lonnie Thompson opens the door to its unique archive - the rooms where there is more than seven thousand feet ice samples from several of the world's tropical glaciers. Stacked side by side, in steady metal bookshelves. 
    The samples are about one and half meters long, and with a diameter of slightly more than a decimeter. As they are analyzed, the samples are cut lengthwise. Half is saved in case future researchers will new ways and techniques to study them: 

LONNIE TOUR OF FREEZER
    So, 7.000 meters...? 
    Yes, so you can think of it as a frozen library. These are cores that have been analyzed. It's a complete cylinder when they come from Tibet. But these are from Nanunami, from 20.000 feet in the Himalayas, and then this is the archive that we would keep for the future. For measurements that we do not know about yet. 

Some glaciers are located in parts of the world where it can be difficult to get permission to travel and do research. So once you have succeeded, you’re not necessarily eager to return, he says: 

LONNIE THOMPSON
These [Western China] are very difficult part of the world to get into, and once you, once you accomplished the mission, you're not really anxious to go back to that same place again ... 

The oldest samples in here comes from western China and they are more than 750,000 years old," says Lonnie Thompson, before we leave the cold of the freezer room. 

Lonnie TOUR OF FREEZER
    And give me an idea, how old are these? The oldest ones you have? 
    The oldest cores here, from the mountain region on Earth come from the Western Culan in China and we have ice core here that goes back over 750.000 years in age. 
    ... So this is the only tropical archive that we have on earth. Here in these freezers     ... Do you mind if we 
    We should get on out, yes ... 

In the corridor outside the freezer room, Lonnie Thompson shows me the containers that the ice samples are kept in while being transported. They look like they cardboard cylinders we usually keep posters in - but is in fact originally intended for military grenades. 
    Up on the glacier the ice sample is put in a plastic pouch, dated and placed in the aluminum-lined tubes - which are then placed in refrigerated boxes with a total capacity is six meters. And within no more than five days, and with the help of porters and horses or yaks, the boxes are brought down from 6,000 meters - and put in freezers... 

LONNIE THOMPSON
And then we have five days to find a freezer. And if you're in Tibet, that freezer is in Lhasa. So you gave to get the cores from the 20.000 feet, down to The Edge of the glacier, and when you get to The Edge of the glacier - from the 20.000 feet down to The Edge of the glacier we use cherpas and Porter, so these are actually physically carried but when you get to The Edge of the glacier you are still 3-4,000 feet above the vehicles down into the valley. So if you're in Tibet, you use yaks and the yaks transport the cores from the margin of the glacier down to the vehicles. 

Back home in Ohio, the chemical composition of samples is examined. Dust and small particles can also be read much like annual rings on a tree trunk. In addition, the scientists examine the relationship between the water molecules with the lighter and heavier oxygen isotopes – since it can provide an indication of relative temperature changes ... 

LONNIE THOMPSON 
The isotopic composition of water vapor in the atmosphere comes from the oceans and the relative proportion of the Light H2016 versus the heavier H2018 is a function of the temperature of the ocean of which evaporation takes place. The warmer the temperature the more, the heavier isotopes you get evaporated - I think they are excellent proxy for temperature but not absolute temperature. 

As a young research student Lonnie Thompson, like most glaciologists, was focused on going to Greenland or Antarctica. But there were already so many researchers there. Instead he decided to study the glaciers located between the poles. "Half of the Earth's surface is actually between the thirtieth parallel, north and south of the equator," he says. And that is also were seventy percent of all people live. People who are directly affected by changes in climate. 

LONNIE THOMPSON 
When you think about the earth and you think about the fact that we live on a sphere, and you have 50% of the surface of the planet is actually in the Tropics, between 30 north and 30 south and only 11% ice in the polar region, and the energy that drives the climate system comes into the tropics - the most important greenhouse gas we have on the planet, the water vapor is modulated out of the tropics. If you think about the climate evens that have global impacts they come from the tropics - things like El Nino, Monsoon, Things That Affect people because we have 6.7 billion people living on the planet, 70% live in the tropics - so if you want to look at the importance to people an their welfare, you need to look at the history of climate, both natural variability and in today's world, the human side of that, because it will impact people. 

Over the past thirty years, Lonnie Thompson has been hiking up to tropical glaciers in the Andes, as well as to Kilimanjaro and the Himalayas. 
    Initially had found it difficult to finance their research. During the first year, the U.S. National Science Foundation just handed out research grants for polar studies. But in 1974, there was some money left over and Lonnie Thompson could carry out his first trip to the world's largest tropical ice field, Quelccaya, in southeastern Peru. A place he has visited another 28 times. So far. 
    At first, he had to bring the ice samples back home as a liquid. But he was stubborn and having developed a lightweight drill, which can be driven by folding solar panels, in 2003, he was able to return home with samples from two boreholes that went down to bedrock of 168 m depth: 

LONNIE THOMPSON 
So, in 2003, we went back to Quelccaya with our latest and we drilled two cores to bedrock and we brought them back frozen so that we would have an archive for the future, because that ice cap is also melting from the surface down. 
DRILLING clean 0:15 
It took us a good week to carry enough gear to the top of Quelccaya to Establish summer camp. Once there, we had to prepare the processing tent ... 

This is a short excerpt from the film "Drilling" that  geochemist Ryan Vachon produced while visiting Quelccaya together with Lonnie Thompson in 2003.
    Ryan is accustomed to climbing mountains. What he hadn’t counted on, was was to become infected with Salmonella by a piece of chicken he had in Cusco, just days before the expedition was about to leave, he tells me over an internet-phone: 

RYAN VACHON 
The Beginnings of Quelccaya for me, was in Cusco where I came down with 
Salmonella and I was sent five days behind the team that was heading to 
Quelccaya because I was either on the toilet or passed out on the floor. 
     So I kind of hitched a ride to catch up with the team and I know Lonnie was 
looking at me to see if I was robust enough to be on his expedition and I 
proved that I could make my way up the mountain. The rest of the team had 
been there for a few days, acclimatizing at base camp. And I had not so I 
just walked my way to base camp and climbing Quelccaya ice climbing the ice. 
You can make your way to the ice rather easily. Then there is that 5 
kilometer segment that takes you from the ice margin to the top, that's just 
Slushy snow. You kick your feet in and they slide around a little bit and you have these loads on your back. The angle isn't very steep and it takes 
forever to get up there. 
VOICE-OVER
After a few miserable days in Cusco, Ryan was able to catch up with the team at base camp. 
   Getting to where the ice field begins is not that hard. But then you have another five kilometers to get to the top of Quelccaya. To where the team is also bringing six tons of equipment. So it was with some relief he reached the top, he says
RYAN VACHON
Once you get up there, there isn't anything there - it's an ice cap. It's just this rounded bulge and you can barely tell where the summit is anyway. I was just lucky enough to have a group of Peruvian guides there, dropping their backpacks and it's like "well, that's good enough." That's where I stopped.
It’s not just illnesses that can make live miserable. Lonnie Thompson remembers the first visits to Quelccaya. The local police made sure that the team realized that from now on, they were on their own. It’s not unusual that murders and thieves seek refuge up in the mountain, because they know the police will not go there. So it wouldn’t hurt if the scientists carried a weapon…
LONNIE THOMPSON
When we first went to Quelccaya it was a place where the local police, there was a check that you had t go through and they would say: When you go through this place you realize nobody is going to come and help you. The murders and the thieves, they retreat to this place in order to not be caught.

   The place I grew up in West Virginia, which was a small farm in the center of the state where I learned to use rifles and guns and that has served me well.

Over his many visits, Lonnie Thompson has seen how Quelccaya and the Qori Kalis glacier rapidly have changed. Since the early 1990s there is a 60 meter deep lake, covering about a third of a square kilometer. The melt-off has also increased. During the first fifteen years he visited the ice field, it retreated about six meters per year. During the most recent fifteen years, the melt-off is tenfold:
LONNIE THOMPSON
In the first 15 years, this glacier was retreating up he valley at about 6 meters per year. And in the last 15 years it has been retreating over 60 meters per year, so ten times faster. 
   And over that period of time, when we started mapping the glacier and the valley, it was just a glacier. It was convex, it looked pretty healthy and then in 1991 a lake started forming out of this glacier and that lake grew – now it covers over 84 acres , it’s over 200 feet deep. We took a sonar and sounded it and all of that has happened since I was a graduate student.

As long as the temperature is just a few degrees below freezing, the glacier is happy. But as soon as the temperature reaches the melting point, things start happening with thermodynamics - and the glacier’s albedo, or reflectivity, will change. 
    Let's say there is a small lake on top of the glacier. The darker water absorbs the heat radiation much faster than the white ice, and as a result the water starts "drilling" down through the glacier all the way down to bedrock: 

LONNIE THOMPSON 
Once you start melting on these very high elevations, water starts accumulating, you start getting lakes forming. And lakes are like hot water drills, they go very Rapidly through and they make a hole. And once you make a hole you expose the bed rock. The bed rock is dark, more radiation is absorbed and these glaciers can essentially disintegrate. 

“All tropical glaciers react the same way. Whether they are in the Andes, Himalayas and Africa," he continues. It turns out that they are excellent tools to see what is going on with the climate; the glaciers react to temperature, precipitation, radiation and cloud ... Just about everything ... 

LONNIE THOMPSON 
When you do this in the Andes, you do it in the Himalayas, you do it in Africa and you look at these glaciers and they're all behaving the same. And when you think about a glacier as just an integrator of climate, it just sums up everything that's going on, temperature, precipitation, radiation, cloudiness - and it responds to that! 

A healthy glacier increase each year as the snow falls on top of it. And during the summer it melts a little from the bottom. "It's like a bank account," says Lonnie Thompson,” if you start withdrawing more from your account than you deposit – it will soon be empty." 

LONNIE THOMPSON 
A glacier is a bank account, you have an accumulation place on the top and you have an ablation, your expenditures at the lower elevations. And if it's in balance the glacier is healthy and it will exist through time - but when you start taking more out of the bank account than going in we know what happens. Eventually it's gone. 

Glaciers are also excellent history books. One time, when Lonnie Thompson was waiting for transport down from the edge of Quelccaya, he discovered a plant, he didn’t recognize. Until recently, it had been covered by a 30 feet high ice wall that had now pulled further back. He took a sample of the plant to a botanist who discovered that it was a plant, locally known as alpaca moss, and that it was 5 200 years old: 

LONNIE THOMPSON 
In 2002 I was down there and I was walking around the back side of lake that had formed. And I was just waiting for the horses. And here's the back, the retreating wall, 30 meters High and right at the base there's a wetland plant. A perfectly preserved wetland planting. It's two feet across. And I'ma glaciologist, but I can tell it was a flat and it was very well preserved and it had just come out as this wall retreated. So I collected it and we had a botanist identify the plant and it was a XY Which grows in the valleys below called alpaca moss. The planting was perfectly preserved, and then we carbon dated it and it was 5.200 years in age! 

Since the plant was so well preserved, it must suddenly have been enveloped by the ice, and frozen as it was growing. Furthermore, this suggests that Quelccaya can not have been smaller than what it is today. 

LONNIE THOMPSON
These plants tell us a couple of important things, one that this ice cap has not been smaller than today for over 5,000 years. Otherwise these plants would have Decayed, they would not be there. And the other thing that it tells us is that before it had to be warmer in that area, the ice had to be smaller and whatever happened 5.200 years ago, had to be abruptly because these plants were captured, they even have a collar to them. 

We know that remarkable things happen elsewhere in the world for 5 200 years ago. The Mayan long count calendar begins at about the same time. The Hindu calendar dates almost exactly to the same time," says Lonnie Thompson. 
    Or take the example of "Ice Man" Ötzi, who was discovered in the Alps in 1991, he continued. Ötzi seems to have been wounded; he sat down behind a large boulder, where he died. But only in a few days he must have been buried by a huge snowstorm that kept his body. 

LONNIE THOMPSON  
The Ötzi, the ice man who came out of the glaciers in the Austrian Alps, the remarkable thing about Ötzi, he's also 5.200 years old. Here's a human being that was shot in he back with an arrow, 5.200 years ago, escaped his captors, sat down behind a boulder at the top of the Austrian Alps and bled to death. But within days of dying he had to be buried in a show event which was large enough to keep him buried for 5.200 years until he came out of the ice in 1991. Otherwise he would have Decayed or been eaten by bears. 

The climate system is very sensitive. And if it underwent such a disruptive change 5,200 years ago, of course, it could happen again ... 

LONNIE THOMPSON 
If the system can change abruptly 5.200 years ago it can change abruptly in 2030 and it says that our climate system is really sensitive... 

One difference is, of course, Lonnie Thompson points out: 5,200 years ago, there were perhaps 200 million people on Earth. If the climate changed dramatically they could move elsewhere. Today we are 6.7 billion people - which means we are much more vulnerable...
LONNIE THOMPSON 
If you go back 5.000 years ago we might have had 200 million people living on the planet. Change the system abruptly, people can move. You have now 6.7 billion people occupying just about any conceivable place on the planet - you can not move them. So we are much more vulnerable in today's world than we were 5.000 years ago just because of the number of us living on the planet. 

A majority of the world’s tropical glaciers can be found in Peru. And they play a vital role for the country. The melt-off is used both for drinking water and for watering the fields - as well as to generate a large portion of the country's electric power: 

LONNIE THOMPSON 
Life in the valleys and the rivers downstream have developed based on this supply of water coming from what you can consider Water Tower - the world's highest Water Tower, and nature's way of monitoring and modulating the water flow in the rivers. So downstream you have people - if you're in Peru where we have 70% of the tropical glaciers on earth - you have a huge development of hydro-electric power grid - somewhere between 60 - 80% of the power in Peru comes from hydroelectric sources. 

In South America, there is apparent evidence that the climate is changing. And when South American cities and villages are in danger losing their drinking water, and when electricity must come from somewhere else - it is not surprising that Lonnie Thompson's work and his frequent visits have been noticed. Especially in Peru. That he has become somewhat of a folk hero in the regions he continually returns to. 
    This summer he plans a visit to the Cordillera Blanca in northern Peru... And once again, Ryan Vachon is joining him>

RYAN VACHON
When you first meet Lonnie Thompson, he's very unassuming. Just a kind gentleman, who speaks with a West Virginian accent. And You Would Never In Your Wildest Dreams this guy to be the person who has spent more time above 20.000 feet than anyone else in the entire world ... 
       And he has this Constitution of someone I have never met before. Someone that is so driven to reach a goal that others can not do. It's not because they can not do it physically, it's because of the physiological toll that it takes, and Lonnie is psychological and emotional powerhouse. 
    And he is the true Indiana Jones! 

When you meet Lonnie Thompson, it is difficult to believe that this friendly and humble man - also is the person who spent more time above 6.000 meters than anyone else in the world. He is so driven to achieve his goal, not only physically but also mentally. He is a psychological and emotional energy beam without equal. And no doubt," says Ryan Vachon, “he is the true Indiana Jones...”


