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TREADING ON THIN AIR



Author’s Note

I wrote this book from my memories, notes, articles, and research. As some of the events go back many decades, my memories have faded. I tried to recall all people, names, and facts to the best of my knowledge. I did not change any names, and all events are true to my recollections. This book is not intended to be a purely scientific book nor a standard memoir but a unique combination to give the reader a journey through the world of weather and climate through my eyes.


ONE

Surfing in the Stratosphere

I think the age of exploration is just beginning, not ending, on our planet.

—Robert Ballard

What’s the most dangerous thing you have ever done, Einar?” the reporter asked. “Was it flying a jet fighter in the U.S. Air Force, as a test pilot for NASA, for Grob, for the Royal Air Force, or was it trying to set the world altitude record in the Perlan glider with Steve Fossett?” Without hesitating, pilot Einar Enevoldson replied, delivering his response in an incredibly understated voice, as if he were making an observation about a move in a chess match, “Oh, flying the Perlan to altitude,” he said, as if he were merely summarizing what he had eaten for lunch that day. I’ve found that most pilots of this caliber usually don’t have a shred of Hollywood melodrama about themselves when it comes to describing their incredible, often extremely dangerous, feats.

[image: image]

It was a dark and very cold winter morning in August 2002 in the small town of Omarama, New Zealand. Omarama is on the South Island of New Zealand and is in the lee of the Southern Alps in central Otago province. Omarama, which in Māori means “place of light,” has some of the clearest skies I have ever seen. Omarama is so small, it’s almost not a town. The population is just over two hundred souls and, on this occasion, our Perlan team had essentially taken over the place. The team members were buzzing around the one grass runway at the airport, busy making all the preparations in an attempt to break the world altitude record for a manned glider. The press was everywhere with cameras rolling as they interviewed various people from our team. The locals were chatting away and some volunteers were doing their best to keep the people and press in their “designated areas.” I was one of the team members giving interviews to the media as well, as I was the chief meteorologist on the project. Television production company Natural History New Zealand (NHNZ) got wind of the project and found it interesting enough to come and do an on-camera interview with me, too. Little did most of the interviewers know that our team had already spent years getting to this point in the project, a fact that would soon be revealed, however, as they got their stories out of various members of the team.

The glider built for the Perlan mission is special, as it does not have an engine and, unlike most gliders, is designed for high-altitude flight. Some gliders carry one pilot and others two pilots. Our Perlan glider carries two pilots. It has a tremendously long wingspan in order to facilitate flight to very high altitudes. Gliders are also inherently strong, as they must be able to withstand tremendous turbulence when flown in mountainous regions where turbulence can hide in plain sight, so to speak. The Perlan Glider is built to withstand 8 g’s or eight times the force of gravity at sea level.

The locals turned out to see what the crazy Americans were doing in the wintertime soaring a glider in the mountains, and most of the press were there because Steve Fossett, the billionaire adventurer, was there to attempt another world record on the heels of his becoming the first person to fly around the world alone, nonstop in a balloon, covering 19,428 miles.

All of this commotion outside the glider was in stark contrast to the scene inside the cockpit of the experimental craft as Steve Fossett and Einar Enevoldson, who would be piloting the glider together, calmly completed their checklists. During the preflight time it was critical that they remained calm, as they didn’t want to break a sweat in their space suits. This could have spelled disaster during the flight, since something as simple as perspiration could fog up their facemasks, making it impossible for them to see.

“Checklist complete,” Einar said to Steve.

“Roger that,” Steve replied through the microphone in the helmet of his pressure suit.

Mike Todd, our team’s life support specialist, who was formerly with NASA, reached over to plug the glider’s oxygen system into the pressure suits and then disconnect the external oxygen tanks the pilots had been using to breathe for the previous hour. Mike is an expert skydiver and parachute jumper who worked in the High Altitude Life Support and Pressure Suit Division of Lockheed’s Skunk Works for almost thirty years.

Einar and Steve had been pre-breathing pure oxygen for the previous hour in their NASA/Air Force pressure suits. They are just like the space suits astronauts wear. Pre-breathing pure oxygen is a necessary protocol, whether you are about to perform a space walk outside the International Space Station or take a flight to high altitudes in an unpressurized aircraft while wearing these suits—just as Einar and Steve were about to do. Pre-breathing pure oxygen washes out any excess nitrogen in the body prior to the flight. At altitudes above 50,000 feet a person, even one wearing a space suit like the ones Einar and Steve were wearing, requires pressurization because the atmospheric pressure is so low. In fact, above 55,000 feet a person’s blood will literally “boil” if he or she does not have a pressure suit: low pressure changes the equilibrium point—the point at which gas bubbles form in liquids, including blood. A rapid drop in pressure can result in caisson disease, known as the bends among the diving community. Caisson disease is the formation and expansion of nitrogen gas bubbles in the bloodstream when a person is exposed to a rapid drop in external pressure—which was precisely what Steve and Einar were going to be exposed to while making this record attempt. Wearing the pressure suit enables the pilots to breathe by providing the necessary pressure (lungs don’t function without positive pressure—which is also why aircraft are pressurized), and breathing pure oxygen helps flush out the nitrogen that builds up in the blood.

“All the gases in the blood start to come out of solution and turn back into gas rather than a liquid. Essentially, your blood just turns to foam. You don’t work too well like that,” Mike Todd explained to the press.

The Perlan phase 1 glider cabin was not pressurized, hence the need for pressurized suits. This phase 1 glider was a highly modified German Glaser-Dirks DG505M (without the motor) sailplane and categorized in the experimental class of aircraft. The pressure suits keep the pilots’ bodies pressurized as if they were at 35,000 feet. But during this flight they will be attempting to fly above 50,000 feet. For comparison, Mount Everest’s peak is at 29,029 feet, and to put this into perspective, most commercial airliners cruise in the mid-30,000-foot altitude range. The engine of the glider had been removed and life support systems, liquid oxygen containers, and instruments had been added in its place.

The Perlan I glider was a highly modified, off-the-shelf glider, whereas the Perlan II glider has been built from scratch. This experimental Perlan II glider has an 84-foot wingspan and a gross weight of 1,800 pounds. The cabin is partially pressurized at 8.5 pounds per square inch differential. This means that at about 39,000 feet, the glider cabin can maintain pressure equivalent to 8,000 feet, and as they fly higher the cabin pressure also goes higher. A conventional aircraft with engines cannot soar in these mountain waves as a glider does but just blasts through them. A glider actually rides these waves upward like an elevator. A glider can also be maneuvered up and downwind to locate regions of lift in the lee (downwind) side of mountains, making it a perfect platform for scientific instruments and measurements.

But what is life like that high up in the sky? Quoting a note from Einar, as a bit of tragicomic relief, he paints a vivid picture of the incredibly hostile environment at high altitude, while also reinforces the pluck of these pilots who venture up into these elements.

Thirty-nine thousand feet is the limit for 100% oxygen, no leaks, perfect mask. One can then “pressure breathe” where the lungs are inflated above ambient pressure, to keep the pressure in the lungs at 39,000 feet. You must force the air out to exhale—it gets to be a lot of work eventually. I have spent a couple of hours at 43,000 feet in the old days in USAF fighters with poorly operating pressurization systems. It also invites “the bends.” In extreme necessity one can go to about 46,000 feet for a few minutes, but hypoxia is setting in, and ten minutes or so is about the limit. Exhaling is very hard and tiring. The oxygen mask is painfully tight, and must be very precisely fitted. It is common to blow a lot of air back out through the tear ducts. It makes your eyes water. Then if your masochistic nature takes over, you can put on a “pressure jerkin”—a heavy shirt lined with a bladder that inflates. This will counter the internal pressure in the lungs and make breathing easier. There is a catch—your blood is forced away from the pressure, into your lower abdomen, and legs, feet, and hands. So you put on a G-suit—pants with bladders over your abdomen, thighs, and calves. You will still faint in a few minutes because blood still finds the unpressurized nooks and crannies, and also just squeezes out of your veins into surrounding tissue. Low blood volume causes the fainting. By balancing the oxygen pressure just right, you can pass out from hypoxia, and faint at the same time. This is logic of the “pressure jerkin” system. You can depressure at 85,000 feet, then descend to 40,000 feet in less than four minutes, and be conscious and functional the whole time. Bill Dana (another NASA test pilot) and I tested it in an F-104 from 60,000 feet. We took turns depressurizing, with one guy in a full pressure suit and one in the jerkin flying the airplane. Worked okay!

Sounds like fun, right?

Malcolm Walls, our tow plane pilot, was sitting in the single-engine Piper Super Cub that would tow us off the ground, waiting for his signal to go. He got the thumbs-up and they were off. Malcolm towed the Perlan I glider behind the Super Cub up to around 9,000 feet, where the glider was released from the tow plane. Einar and Steve were now soaring on their own as they began searching for the best lift that would take them even higher and, they hoped, up into the stratosphere.

Einar Enevoldson has been flying gliders since he was very young, and he feels his way as much as he looks for the lenticular (lens-shaped) clouds that serve as clues where to find lift. Sometimes there are no clouds to provide clues to the pilots and they must rely solely on the glider’s instruments and their knowledge of where lift occurs. Gliders fly on lift and the air currents moving up and down. The altimeter, an instrument that shows the altitude, does not respond quickly enough for a pilot to use it to find and remain in regions of lift. So they use an additional instrument called a variometer. A variometer responds instantly and gives a beeping sound that gets higher and faster as the lift increases: the pilot just listens in order to find lift. The sound falls in tone if the variometer detects descending air to let the pilot know that the glider is sinking.

This Omarama flight represents only phase one of a three-phase project with gliders, and we have a long way to go. Each subsequent phase is exponentially more difficult than the last. The Perlan Project was and still is truly an amazing adventure with many benefits, including providing a scientific platform for researching areas of our atmosphere such as the tremendous turbulence of breaking stratospheric mountain waves, how the energy of these waves is dispersed, and if these cause injections of energy and chemical constituents between the stratosphere and troposphere layers of the atmosphere, which will have a tremendous impact by improving our weather forecasting and climate models. But there are also many risks: the glider flying into a region of these breaking waves could break apart or have a rapid decompression of the cabin at high altitudes, either of which would spell disaster and perhaps result in the deaths of the pilots.

Once Einar and Steve achieved Phase I, we literally set our sights higher. Phase II, currently taking place, is to reach 90,000 feet, and then Phase III—the ultimate goal—is to soar to 100,000 feet (30 kilometers), which would bring the glider near the edge of space. At 100,000 feet, the pressure of the atmosphere is so thin, it is similar to the pressure on the surface of Mars. The behavior of the atmosphere at this level is of particular interest to the aviation community—engineers, aerodynamicists, and manufacturers of aircraft—as it will give insight into flight on Mars.

Perlan is an Icelandic word meaning “pearl.” Perlan is the name given to this project, inspired by mother-of-pearl or nacreous clouds occasionally seen at high altitudes and high latitudes. The research that we will be conducting will help to fill in many gaps in our scientific knowledge and help to improve our atmospheric models for forecasting weather and for climate predictions. We collect data from instruments mounted on the glider, from ground-based instruments, and from balloons launched from the ground that travel up through the atmosphere, but the balloons cannot be guided through particular regions as the glider can. The fact that we can fly slowly through these stratospheric mountain wave structures, flying transects or choosing to fly vertically straight upward during our research will help answer some major questions in the research of stratospheric mountain waves. Standard aviation measuring techniques cannot measure things like mountain wave dynamics, breaking waves, and multi-scale frontogenesis diagnostics (a fancy term for how the horizontal temperature gradients tighten to produce weather fronts, like cold and warm fronts), but a glider can. The project will help us fully understand the role of mountain wave dynamics in vertical exchanges between the troposphere and the stratosphere.

Back down in New Zealand, the world altitude record we were trying to beat was 49,009 feet set back in 1986 by Robert “Bob” Harris on a flight in the Sierra Nevada mountains of California. Alan Austin—my husband—and I have become friends with Bob over the years, and Bob and I still discuss the unique meteorological conditions it took for him to reach almost fifty thousand feet in a glider. Bob revealed in great detail how he spent years watching the weather, going to his local National Weather Service office (as this was before the Internet days), and talking to the forecasters about the weather until one day, he said, “it was perfect.” A perfect day for a glider flight of this type is one with a stable lower atmosphere near mountain or ridgetop level with less stability aloft; prefrontal conditions—when there is an approaching frontal system (postfrontal are sometimes good, too) such that there was a cold front approaching the West Coast of the United States; winds of at least 20 knots or greater at ridgetop; winds hitting the Sierra Nevada mountain range at an angle nearly perpendicular to the ridgeline (which runs northwest to southeast, meaning winds hitting the mountains in the northeast-southwest direction); and the location of the jet stream over the region such that the winds were increasing smoothly with altitude with very little directional change (i.e., no wind shear). The Sierra Nevada region of California is not impacted by the polar vortex, so getting to extremely high altitudes (65,000 feet or higher) is not possible in a glider.

In New Zealand, however, that day, our Perlan glider was going to need considerably more specific and critical weather conditions—namely, in addition to all of the above criteria, we needed to be on the edge of the polar vortex, providing increasing winds with altitude all the way up through the stratosphere, occurring all at once in order to enable setting a world record.

On that day in Omarama, however, a new world record was not to be. Why did we trek all the way down to Omarama? It is known for its world-class gliding in the summertime. But we had to be there in the southern winter, as that is the time when the polar vortex actively allows mountain air waves to travel all the way from where we live in the troposphere up into the stratosphere. Though the press mostly butchers the explanation of its characteristics and what its effects are, the polar vortex is truly amazing.

The polar vortex is a system of cold, low-pressure air circulating around each pole. It exists in the northern hemisphere usually between the months of November through April and then dies out. In the southern hemisphere, however, the polar vortex forms during June and dies out sometime between October and November. The vortex covers a large-scale area from the polar regions up to around 45 to 50 degrees latitude north and south, respectively, during the winter seasons. Vertically, it extends from near the ground, where we live and breathe, up to the troposphere, and then into the stratosphere, and from there on up through the stratosphere into the layer above, called the mesosphere. The polar vortex can extend upward 30 miles (50 kilometers).

The edge of the vortex is surrounded by a jet stream, called the polar night jet, which is similar to the jet streams we might be familiar with from commercial airline flights. Those familiar jet streams exist around 30,000 feet above us, but the polar night jet exists at much higher altitudes—extending from the tropopause region which (where we currently stage our world record flights out of in El Calafate, Argentina) is near the poles at about 10 km (33,000 feet). Though the stratosphere extends up to 50 km (165,000 feet), the polar night jet continues on through the entire stratosphere and into the mesosphere, up well beyond 165,000 feet (over 30 miles). The center, or peak winds, of the polar night jet generally occur around 120,000 to 125,000 feet up in the atmosphere over the southern hemisphere. These winds develop along a zone of sharp temperature contrasts that occur during the long, cold polar nights. In this zone, the stratosphere cools down by radiating its heat to space, similar to how the surface of the Earth cools during a clear, calm night. In this case, however, the cooling takes several months, unlike the overnight cooling of the Earth. The polar night jet associated with the polar vortex is located in the upper regions of the troposphere, up in the stratosphere, and into lower mesosphere regions. This jet can attain speeds up to 300 miles per hour (260 knots). For comparison, a typical jet stream that commercial aircraft use to get across the United States at around 30,000 feet flows at about 80 to 140 miles per hour.

There are actually subtropical and polar jet streams that impact the midlatitudes (including the continental United States) at different times of year. During the winter months, the polar jet stream tends to impact these regions; during the summer months, the subtropical jet moves north, impacting these regions. This situation is mirrored in the southern hemisphere. The polar jet stream is stronger than the subtropical, and can reach 250 to 275 miles per hour, though this is not the norm. This jet stream usually occurs between six and eight miles above sea level (about 30,000 to 42,000 feet), whereas the stronger polar night jet that the Perlan glider requires in order to attain record flight altitudes occurs in the upper troposphere up through the stratosphere and sometimes into the mesosphere, up to altitudes of 165,000 feet.

The polar night jet isolates the air within the polar vortex, which, specifically in the southern hemisphere, exists in the ozone hole over Antarctica. (In the northern hemisphere, the vortex exists at latitudes of about 50 to 60 degrees north.) The ozone hole is not really a hole but a region of very low ozone concentrations. An ozone hole is defined as a region with 220 Dobson Units or lower of ozone. (Dobson Units describe the compressed thickness of the ozone layer.) The ozone layer in the stratosphere is what protects us humans from ultraviolet radiation, which is responsible for sunburn and skin cancer. In the northern hemisphere we are nearing the definition of a hole in the ozone, too, specifically in Greenland and the northern regions of Finland, Sweden, Norway, Russia, Canada, and Alaska. However, as with the southern hemisphere polar vortex, the northern one wiggles and wobbles and changes shape, sometimes even dipping much farther south to include the northern portion of the contiguous United States. Thus both the ozone hole in the southern hemisphere and the region of ozone depletion in the northern hemisphere move and change shape during their respective seasonal lifetimes. These “holes” are caused by a combination of atmospheric conditions in which the long winter months of darkness and cold over the poles, along with the polar vortex or whirlpool of stratospheric winds, ends up isolating the air in the center.

The cold, high polar stratospheric clouds that form in the arctic during these winter months are composed of water, ice, or nitric acid. On the surface of these particles that make up these clouds, unusual chemical reactions with chlorine or bromine occur, breaking down the ozone. Chlorine and bromine are halogen gases (noble gases). Bromine exists in the earth’s crust and also comes from agricultural pesticides and the combustion of leaded gas. Chlorine occurs naturally as it is evaporated from ocean spray, however the majority of chlorine in the atmosphere is from humans through manufactured compounds such as household bleach and also in aerosol sprays. After years of world altitude record attempts in New Zealand, we decided to move the Perlan record attempts to El Calafate, Argentina, another good spot for a glider flight. Though the Andes mountain range is not at its highest down at 50 degrees south latitude, we were 5.5 degrees farther south than we were in New Zealand and that much closer to the edge of the polar vortex. Also, the frontal systems that move through New Zealand during the winter months are sometimes influenced by the Australian continent, Tasmania, and the Tasman Sea. This changed the orientation of the weather front and impacted the winds so that we didn’t get our consistent wind direction of nearly perpendicular to the southern Alps, with altitude, especially around the region between the troposphere and the stratosphere. Argentina does not have this problem, as there is a long fetch of water, the Pacific Ocean, which the frontal systems travel across prior to reaching South America.

The Perlan II flights will be staged out of El Calafate in Argentina because of the more favorable weather conditions that we expect to find there. During those flights, the glider will be soaring on the edge of the ozone hole, allowing us to make important measurements of the atmosphere and its properties, including its chemistry. The Perlan II glider will be equipped with a good deal of scientific measuring equipment and will collect atmospheric and aeronautical data including air data such as winds, air temperatures, ozone, electric and magnetic fields, and concentrations of water vapor and methane. Even though the press and media have recently tumbled onto and adopted the term “polar vortex,” they regularly misuse it and incorrectly attribute weather conditions to the polar vortex. I cringe when I hear news or weather readers announce that the weather we are experiencing on any given day at the surface of the earth is caused by the polar vortex. The polar vortex wiggles and wobbles as it circulates counterclockwise around the polar regions. Sometimes these wiggles in the northern hemisphere polar vortex extend even as far south as Minnesota, facilitating our lower level jet stream and causing the cold Canadian air to remain over the eastern United States for a longer period of time than other years. The polar vortex does have an effect on certain conditions, but does not directly cause the weather, like snow or rain, that the weather readers on television regularly attribute to it.

Our interest in the polar vortex in Argentina had nothing to do with snow and chilly conditions. To soar a glider to 90,000 feet without an engine is only possible with the polar vortex as our ally. To accomplish this feat, we need a weather phenomenon that generates upward moving airflow that the glider can use to climb up to those altitudes, something we call “stratospheric mountain waves.”

Mountain waves form whenever an airflow of sufficient speed—at least 20 knots (23 miles per hour) at ridgetops—crosses over a mountain range. Though the taller the mountains the better, the critical component is the polar vortex: we can give up being nearer the taller mountains if we are closer to the edge of the polar vortex. The mechanism behind mountain waves is this: air gets deflected across the top of the mountain range, and as it comes back down, it starts an oscillation that continues downwind of the mountain range. A glider uses the upward-moving part of this oscillation to climb. By remaining in the upward portion of the wave—as long as the wave continues upward with enough energy—the glider will also continue to climb.

These kinds of winds are usually generated by prefrontal conditions (postfrontal conditions are also a possibility in some locations). “Prefrontal” means the time period prior to a frontal wind system moving into the region, e.g., the time before a storm. Generally this time period can range between eight to fifteen hours ahead of the front moving into a given location, depending on how fast the frontal system is moving. So, if we are trying to find ideal wind conditions for a glider, we need to find soaring locations near mountain ranges where the dominant storm systems produce winds roughly perpendicular to the ranges themselves. Sites where this phenomenon occurs include the Sierra Nevada range in California, the Andes in South America, the Southern Alps in New Zealand, the Kebnekaise in Sweden, the European Alps, the mountains in Greenland, the Rockies in the western United States, and the Urals in Russia. Some of these ranges are not close enough to the polar vortex; others are too far north and hence the limited number of daylight flying hours is an issue. Others have too much low-level cloud cover as frontal systems move through: the glider must remain out of clouds for visibility and to avoid icing up. (Flying through visible moisture at below freezing temperatures can cause ice to collect on the aircraft, which degrades the wing surface and increases its weight.) Other mountain ranges, such as the Brook Range in Alaska and the Himalayas, are not oriented as favorably for the necessary perpendicular winds to the mountain range.

The maximum altitude of mountain wave peaks is usually capped at the “tropopause,” the boundary between the troposphere and the stratosphere. This is because the cold air of the mountain wave encounters warmer air at the boundary and cannot rise any farther. The warmer air acts as a fence for these cold mountain waves. On certain occasions, mountain waves can penetrate into the stratosphere when the winds are very strong and there is mixing of the troposphere and the stratosphere. These are called “stratospheric mountain waves.” There is a weather phenomenon that generates these “breakthrough” conditions that are ideal for gliders like ours trying to break into high altitudes: the aforementioned—and often maligned—polar vortex.

This, along with the fact that there is open water for miles to the west of South America, as opposed to the Tasman Sea and then the continent of Australia to the west of New Zealand, turned out to make all the difference as far as creating better wind conditions for the glider. El Calfate lies just east, or in the lee, of the Andes, and although this is not the highest portion of the Andes, the fact that it is closer to the southern hemisphere polar vortex more than makes up for the relative lack of height. Also, there is no land mass blocking the frontal wind systems that move through the region—like there was in New Zealand—generating the mountain waves. We had chosen New Zealand first because of many factors, such as the support for launching soundings, balloons that helped us forecast the necessary weather conditions, and that the New Zealand National Institutes of Water and Atmospheric Research (NIWA) was located just 40 miles, as the crow flies, away from Omarama. Also, there is a large community of glider pilots and support for glider operations in Omarama. There were other factors, too, such as the availability of heated hangars, the fact that English is the primary language, and the ease of obtaining the necessary equipment and supplies, such as liquid oxygen for the pressure suit rebreather system. In both locations, New Zealand and Argentina, the big issue is that there are only about three days per season (June to October) when the atmospheric conditions will potentially be great, so Argentina’s additional odds in our favor for producing these conditions eventually outweighed the other advantages that New Zealand offered.

We had a theory that soaring to altitude into the stratosphere using the polar night jet was possible. Einar Enevoldson had speculated this was the case ever since he saw an image of stratospheric mountain waves, taken from a research aircraft flying in Sweden, hanging on a scientist’s wall in Germany. Happily, this theory was proven correct on August 30, 2006, during the long-awaited completion of phase one of the Perlan Project, when pilots Steve Fossett and Einar Enevoldson soared a modified DG505M glider (without a motor) to 50,671 feet out of El Calafate Airport.

“We could have gone higher but the pressure suits expanded so much inside the cabin we couldn’t move the flight controls,” Einar stated. Einar also told me they were cold, had to go to the bathroom and, most important, had proved their point: that it is possible to soar on mountain waves, taking an engineless glider well into the stratosphere.

(Steve confided in me that he did not ever need to use the diapers they wore while flying. The preferred diaper brand of the Perlan pilots: Depends! Astronauts wear them, too, by the way. I agree with Steve: it would be quite difficult to basically pee in one’s own pants, so to speak, while also trying to maneuver a glider above 50,000 feet. If there were an emergency, that might be another story. Steve was a friend and had been very enthusiastic about the Perlan Project for many years, so his candor was not surprising.)

Once the pilots decide to come back down to earth, they just move out of the portion of the wave producing lift, point the nose of the aircraft down, and fly back to the airport they departed from. Just as they do when ascending, they must find the best path down, making use of the existing atmospheric conditions at lower altitudes and, hopefully, finding a way to navigate back to the airport from which they departed. In some cases they may be forced to “land out,” that is, find a suitable field somewhere to put the glider down safely. This is not an unusual situation for glider pilots.

[image: image]

“They can’t find Steve Fossett!” Ed Teets, Jr., blurted out on the phone to me. Ed is the lead meteorologist at NASA Dryden Flight Research Center, recently renamed NASA Armstrong. Ed was a team member on Perlan I. It had been just over a year since Steve and Einar had broken the altitude record in Argentina.

“What? I don’t understand what you mean. They can’t find him? What are you talking about?” I asked.

“Well, he went missing in an airplane from Baron Hilton’s ranch,” Ed responded. I knew all about Hilton’s ranch, as Steve had in the past invited me, with my now ex-husband, to join him and his wife, Peggy, there for a weekend. Its official name is the Flying M Ranch. I wish I had taken him up on the offer, as it was supposed to be great fun there, with all sorts of planes, a helicopter, and other great machines, but my ex was not into aviation at all, so we declined. Hilton’s ranch in Nevada was not far from our second home on Bridgeport Lake in Bridgeport, California, less than 25 miles away.

It was Tuesday, September 4, 2007, and Steve Fossett had been missing since the previous morning. I remember the day he went missing well. It was Monday, September 3, 2007, the Labor Day holiday. Alan, my husband, Evan, our son, and I were living in Stateline, Lake Tahoe, Nevada at the time. It was the day before Evan was to start his first day at nursery school. He was two and a half years old. That day the three of us rode the Heavenly Ski Resort gondola and hiked up around the top of the mountain. The views of Lake Tahoe were breathtaking. It was beautiful fall day in Tahoe with calm winds, and temperatures in the low 80s Fahrenheit. Three quarters of the way up, the gondola stopped at the observation deck, where we got off. It was around nine-thirty in the morning and we asked another person to take a picture of the three of us. It is one of my favorite photos of our family; I had no idea it was taken at almost the exact moment of Steve Fossett’s plane crash to the south of us in the Sierra Nevada mountains. I think of Steve every time I look at this photo.

I still wonder to this day if Steve survived the accident for a time, as the wreckage was not discovered until October of 2008, more than a year after his disappearance. I truly hope he did not suffer. There was quite a bit of confusion as to where exactly he was flying, Nevada or California. When he didn’t return by eleven A.M., a search for him began. The whole incident was surrounded by a lot of hoopla, wild stories of him being sighted in South America and other sensationalist tabloid-style absurd speculation as the search dragged on.

After receiving Ed’s call about Steve Fossett’s disappearance, Einar Enevoldson called me. He asked if I would do a quick reconstruction of the weather in the eastern California and northern Nevada regions the day of Steve’s flight and send him a map of possible regions of turbulence to help narrow down the area of their search for Steve. So I did. I looked at model data, weather charts, satellite data, and digital NEXRAD Doppler radar data. There were quite a few turbulent regions over the mountainous areas, of which Nevada has plenty, and couple in neighboring eastern California. One region I circled in particular—a region north of Mammoth Lakes, California—turned out to be where Steve’s wreckage was found. But as the search of these highlighted regions began, there were witnesses who made statements that were mostly correct, as happens with many accidents, which threw search teams off the trail. One witness saw the aircraft near Yerington, Nevada, which is about eighty miles north of the accident site, but the witness’s timing of this sighting was off by one hour. Consequently, this twenty-minute track of the aircraft’s flight had been ruled out as a possible site of the accident as a result of this timing error, which could have had serious repercussions if that had indeed been where Steve had crashed.

Steve was flying a Bellanca 8KCAB-180 Super Decathlon, a two-seat aircraft normally flown near sea level and often used for low-altitude aerobatics. About a year after Steve’s disappearance, the accident site was discovered by some hikers near the Minaret Range just northwest of Mammoth Lakes, California. Adding to my grief was the fact that I knew this area of the country well. It is composed of steep, rocky mountains and cliffs dotted with beautiful lakes. The mountains here rise up to over 13,000 feet in elevation. Around the time of the accident, the meteorological factual report from U.S. National Transportation Safety Board (NTSB) concluded that the aircraft encountered downdrafts of at least 400 feet per minute and calculated that at the altitude the aircraft was flying (10,000 to 13,000 feet), it could only handle—at most—downdrafts of 300 feet per minute. The force of the downdrafts was too strong at these altitudes; Steve’s small plane crashed into the hillside at a high speed.

The NTSB’s official probable cause of the accident: “The pilot’s inadvertent encounter with downdrafts that exceeded the climb capability of the airplane. Contributing to the accident were the downdrafts, high density altitude, and mountainous terrain.” I heard later that I had supposedly tried to contact the NTSB to find out about the accident, to state that I agreed with these conclusions. I couldn’t believe my ears. I had never tried to contact them, but I knew immediately who this impersonator was, pretending to be me. It’s something I seldom mention but still think about. This left me feeling betrayed and, frankly, angry that someone would stoop to these levels just to get information about the accident. I am over it now and just feel sorry for this always-to-remain-unnamed person.

It took nearly seven years after Steve Fossett’s death until the Perlan Project was officially back on track. It took Dennis Tito as an investor and pilot, along with retired United States Air Force test pilot Jim Payne acting as chief pilot, to breathe life back into the project. You may remember that Dennis Tito was the first American tourist to go into space. In 2001, he went with the Russians on a Soyuz spacecraft and spent about seven days on the International Space Station before coming back to Earth. In 2014, when Airbus Group became Perlan II’s title sponsor, Dennis became interested in providing the final investments, and we were off to the races. Airbus’s sponsorship has enabled completion of a new carbon fiber experimental aircraft. The Perlan I glider was a modified off-the-shelf glider. The Perlan II has been completely designed and built from scratch for its mission to get to 90,000 feet. The world absolute altitude record attempts begin in El Calafate, Argentina, in July of 2016, nearly ten years after we set the altitude record in the same spot. This new aircraft is designed to fly efficiently at low attitudes and at very high altitudes. It has a wingspan of 84 feet and will have a cabin pressure of 8.5 pounds per square inch (an atmospheric equivalent of 14,000 feet). The aircraft will have a drogue chute that can be deployed in case of an emergency, which will bring the aircraft down safely to the ground. Unlike in the Perlan I glider, the two pilots will not wear parachutes, as they cannot escape from the fuselage, but rather would have to come down with the ship. This design feature is in place so that the aircraft can be pressurized. The aircraft is designed to fly at peak performance at approximately 60,000 feet, as this is the region where we expect the coldest temperatures (as low as -90 degrees F) and also the possibility of the strongest turbulence. The glider’s maneuverability to avoid this turbulence will be paramount.

The breaking of mountain waves causes extreme turbulence, which the Perlan II will be trying to avoid. Just as waves in the ocean crest and break, the mountain waves travel higher and higher into the atmosphere and become steeper and steeper, eventually breaking and crashing down. Breaking waves are a known source of tremendous turbulence, even on commercial flights, when the mountain waves break down lower in the atmosphere. But the higher the waves travel, the more likely they are to break, putting the Perlan II glider at risk as it maneuvers up to 90,000 feet. It will be my job, and the job of other atmospheric scientists at WeatherExtreme Ltd., to provide accurate and timely forecasts and information to the Perlan II pilots so as to avoid breaking waves that could put the mission, as well as the pilots’ lives, at risk.

Forecasting for turbulence is not straightforward or exact, especially at these altitudes and in these remote locations. First, there are very few actual measurements other than via the weather balloons that are launched twice daily, but neither balloon is very close by. One balloon is launched in Argentina, 370 miles northeast of El Calafate, offering not much help, and the other one is launched in Chile, well over 600 miles north of El Calafate, which is of even less service to our cause. The next nearest weather balloons are launched on the Antarctic continent. Hence the importance of our Perlan team launching our own balloons, preferably in Chile, upwind of our location. It has to be upwind so that when the balloon is released it travels through our intended flight airspace and can give us the most exact readings possible. Not only do we then have an actual measurement of the vertical profile of the atmosphere in which we will fly, but we will also have data that we can feed into the high-resolution mesoscale meteorological model, WRF (Weather Research and Forecasting System), that we will be running in near–real time. This will help us forecast upcoming wave days as well as help forecasters keep the aircraft in the locations of best lift and away from regions of potential breaking waves.

I first came to appreciate the difficulty of identifying atmospheric turbulence from one of my professors in graduate school, Dr. James W. Telford (1927–1999). Back in the 1960s Dr. Telford and Dr. Donald H. Lenschow pioneered the technique for catching turbulence in action through aircraft-mounted probes. Dr. Telford spent much of his career trying to understand and dissect the nature of atmospheric turbulence. I think Dr. Telford would get a chuckle out of the apocryphal story in which Werner Heisenberg, the German theoretical physicist, was asked what question he would ask God, given the opportunity. His reply was, “When I meet God, I am going to ask him two questions: Why relativity? And why turbulence? I really believe he will have an answer to the first.” Turbulence still holds many mysteries, even with the help of modern technology, but should we succeed in the Perlan II’s mission, we will have yet another opportunity to learn more about the upper reaches of our atmosphere.

If and when we fly our Perlan II at our goal of 90,000 feet we will set a new world altitude record for manned, non-astronomical flight, currently held by an SR-71 Blackbird, a long-range, Mach 3.2–plus jet powered aircraft, of 85,069 feet set back in 1976. Even as we pass through the 60,000- to 70,000-foot region of the atmosphere—the most turbulent—the danger does not end there. As the glider nears 90,000 feet it will be dangerously close to reaching its “coffin corner.” The two limiting parameters of what aerodynamicists refer to as the “coffin corner” are stall speed and Mach limit. Stall speed is a condition in aerodynamics in which the angle of attack of an airfoil (like a wing, for example) increases beyond a certain point, at which the lift begins to decrease and the airfoil is no longer flying—it stalls. Mach limit is the limiting speed of a particular airfoil, beyond which it will potentially come apart. The aerodynamic characteristics of an airfoil change radically and unpredictably when the airfoil exceeds the limiting speed for which it was designed. In order to maintain lift at these extreme altitudes the airframe of the Perlan glider will be approaching transonic speeds. Basically, the glider will be on the edge of stalling if it goes any slower and on the edge of going Mach and potentially breaking apart if it goes any faster. Hence, the ominous name “coffin corner.” As the name implies, this is not a region where one wants to venture.

But despite the tremendous risk and complex confluence of conditions necessary for such a glider flight, the atmospheric data that will be collected in the process will be extremely valuable and can then be analyzed to help unravel the many mysteries still eluding us as to the particulars of the ozone hole, pollution, and climate change. We will address those mysteries by running experiments to gather data about heat, mass, and chemical exchange between the troposphere and stratosphere that can be used to improve our climate models. I agree with Robert Ballard, professor of oceanography, who is quoted at the beginning of this chapter: the age of exploration on our planet is just beginning!


TWO

The Business of Weather

Some people are weatherwise, but most are otherwise.

—Benjamin Franklin

It was 1994 and I had known for years that my ultimate goal was to start my own weather company, something I had been thinking about since I started college. Both my parents went to Duke University—it’s where they met. It was one of the handful of universities to which I had been accepted, and I knew they would have loved it if I followed in their steps. It was a difficult decision, but I went with my heart and chose the University of California system and wound up at UCLA. Over the years I’ve never had to second-guess that decision because it’s clear to me that I made the right one. It was during my undergraduate studies there I met many giants in the field of weather, and my training got me off to a wonderful start and solidified my belief that I had made the perfect career choice.

By 1993, I had actually completed all the work toward my PhD at the University of Nevada at Reno, but not all of my advisors were able to sign the final accepted version of my dissertation because two of them were on research trips out of the country. Finally, the absent two were able to sign and I was then officially Dr. Elizabeth Austin. It was done! Walking into the graduate school office at the University of Nevada, Reno to turn in my fully signed and completed PhD dissertation was like walking on air. What a relief to have finished all of my courses, successfully taken the comprehensive exam, and then composing the final note in this symphony of study: the signed dissertation. I would finally receive my doctorate in atmospheric physics. (Though the degree was through the physics department and on paper read “physics,” my degree was actually “atmospheric physics,” because at the time the university did not have a separate atmospheric science department.)

I graduated that summer with all my family in attendance. At the ceremony my brother Patrick heard a woman standing next to him say, “Look at that girl—she’s getting a doctorate in physics!” Patrick proudly said, “Yeah, that’s my sister.” Patrick, my lifelong friend and ally, was soon to become a very important part of the company that was gestating in me.

I received the actual “onionskin” diploma the following year when I was already well into my postdoctoral work at the Desert Research Institute’s (DRI) Atmospheric Sciences Center in Reno. The dream to start my own weather company became stronger and stronger and, in September of 1994, after a year of postdoctoral work at DRI, I made my dream a reality and founded my company. I named it Firnspiegel, a name, perhaps, that only a scientist could love and one that would probably make a marketing director cringe. But it made sense to me at the time. Firnspiegel essentially means “mirror snow” in German and is a common type of snow formation in the springtime. Firn is an older type of snow and speigel means mirror in German. Firnspiegel is a thin sheet of ice on the surface of the snow caused on sunny, cold spring days as the sun’s heat penetrates the surface snow but then meltwater at the surface is refrozen, forming a thin layer of ice. This requires just the right heat balance and creates a shiny snow cover that looks like a mirror when the sun hits it just right. At the outset, Firnspiegel was just me, but I founded it knowing that I wanted to perform atmospheric research and also provide weather forecasting and forensic meteorology services.

I left DRI and took a three-quarter time teaching position at Sierra Nevada College (SNC). The private four-year college is located on the beautiful north shore of Lake Tahoe in Incline Village, Nevada. Not only did the teaching position provide some needed income but, because the college encouraged its professors to do research and, more important for me, consulting outside the college, I was allowed to start gaining some “real-world” experience and spend time developing Firnspiegel. I had a vision to create a company that provided a variety of weather-related services in the areas of forensics, forecasting, and other problem solving areas tailored to specific client needs.

Through teaching at the college I was able to build my company so that a few years later I turned it from a sole-proprietorship to a limited liability company (LLC). I actually now had employees at Firnspiegel LLC. It was no longer, me, myself, and I running the show. I now had six people who would help me with our various weather projects, including forensic meteorological services, weather forecasting for specialty projects, and problem-solving for companies who were struggling with issues relating to weather, such as outages in satellite signals or choosing the appropriate location for their headquarters. It was a very exciting time for me. With my parents sharing in the initial real estate investment, I bought a commercial building on the north shore of Lake Tahoe and was off to the races. Though I had that support for the building, the company itself has never had any financial assistance: it was formed and run on my “sweat equity” alone. I had found my raison d’être—my reason for living. Now that I have a family, today my reason for being is family and then career. I have to confess, however, that I have brought my immediate family into my career, a merger that makes me very happy.

Even though I was still fond of the name Firnspiegel, as time went on I became tired of having to pronounce and spell it to almost everyone—no problem if we were doing most of our business in Germany, but we weren’t. My husband, Alan, also had some thoughts and humorous takes on the difficulty of using the name Firnspiegel. When I told him about some of the other names I had reserved, we both agreed that one of them was perfect: WeatherExtreme. So in the early 2000s, we trademarked and changed the name to WeatherExtreme. WeatherExtreme Ltd. grew dramatically in expertise and services, and now offers weather forecasting, forensic meteorology, and weather research services, but its corporate goals have remained the same since its inception. Alan never lets it go unsaid, however, that the company is still “me.” It is the guidance, expertise, and credibility of Dr. Elizabeth Austin that is in demand—WeatherExtreme Ltd. is the wrapper that the candy is wrapped in. That, however, I am happy to say is changing as the company moves forward and gains talented and qualified employees who bring further expertise and insight into the fold. Being the only expert was in the beginning quite flattering, but as business has increased dramatically, it’s also quite limiting and burdensome. In order for the company to grow, our new employees would have to be the critical element for the future of WeatherExtreme Ltd.

It is perhaps a lucky coincidence that more than three decades ago I chose the field I did. Weather has since become a hot topic outside the scientific community. It is truly amazing how governments, industry—all of us—depend on weather and climate. It is even more startling how few people are aware of how much they are affected by weather. The effects are global and include health, well-being, and, of course, tremendous financial implications. This is where the business of weather comes into play. Weather is a business and it is big business—which is one of the reasons it is often the lead story on the morning and evening news.

Weather and climate used to be solely the province of governments, when they were the only entities to provide official weather forecasts for the general public and the military. The military is where most meteorologists used to be trained, but in today’s world, private weather companies are far surpassing the government in terms of dollars, as well as the number of people (and companies) turning to them to understand weather and how it affects their lives and businesses. Global economies are directly and indirectly affected by weather and climate change, whether it is extreme weather events or just the seasonal events, such as winter storms and their impact on travel, tourism, and logistics (including the shipping of packages). The World Bank has reported that extreme weather events alone cost the global economy two hundred billion dollars per year. Back in 1998, in testimony to the United States Congress, former commerce secretary William Daley stated, “Weather is not just an environmental issue; it is a major economic factor. At least $1 trillion of our economy is weather sensitive.” Dr. J. Marshall Shepard, past president of the American Meteorological Society, worded it slightly differently: “About one third of industry and business today is weather-climate sensitive.” The economic, as well as national security, impact of weather is now at the forefront of national discussions involving many sectors of the U.S. government, including NASA, the military, and the Department of Commerce.

Weather is such big business that if one thinks of it like stocks or futures, then very small hedges can produce huge returns. For example, if Home Depot has knowledge that the northeastern United States will most likely experience a snowier than average winter, then they can make a number of cost-saving and, more important, money-making decisions. They can ensure that all of their stores in the northeast have plenty of snow shovels, heaters, and winter items. But they can also be ready for the onslaught of winter by having the stores stocked early in the season and not playing catch-up all winter long.

Often the implications of a particular weather forecast may not be so commercially obvious. For example, there are software programs that use the air temperature along with past crime locations, such as muggings, car thefts, and robberies to predict areas where crimes are likely to occur or increase. When the weather heats up, crimes increase.

Industry, corporations, and even individuals can capitalize on accurate weather forecasts that describe changes of even just one degree warmer or colder! There is a saying in meteorology called the “profit of one degree.” It sounds trite, but this theory is based on research and facts. Some are seemingly bizarre but true. Here is a portion of a list, compiled by WxTrends.com (note: “wx” is shorthand for “weather”), that shows what happens when the temperature warms by just one degree in developed countries:

•More than 10 percent more fans sold each week

•More than 11 percent more sun care products sold each week

•More than 4 percent more fresh strawberries sold each week in summer

•22,424 more automotive batteries fail each week

•More than 6 percent increase in fire ant products sold each week

•More than 2 percent increase in energy consumption (electrical power used) each week

If the temperature cools by one degree:

•More than 3 percent more orange juice sold each week

•More than 25 percent more mousetraps sold each week

•Over 15 percent increase in portable heaters sold each week

•5,000 more units of medicated lip care products sold each week

•1,000 more vaporizers sold each week

•Over 2.5 percent increase in total company soft line (merchandise such as clothing, footwear, jewelry, linens and towels) sales each week

Whether they all know it or not, the fate of retailers, whether they sell cosmetics or pesticides, is intimately tied to the weather and climate. If it is too cold, shoppers tend to stay home (although now with online shopping becoming more popular, these statistics may change). Weather is tied to retailers’ profits, margins, demands, inventory, planning, and expansion—nearly every aspect of business. The benefits of having an accurate weather forecast: better inventory management; better decision making on purchases, distribution, marketing, and planning; the ability to sell at higher margins; the ability to identify new markets, opportunities, and products; and cost savings and higher profits.

But even if the value of climate prediction and how it relates to the upcoming season is not so immediately apparent, merchants and others can still take full advantage of meteorologists’ intimate knowledge of weather by obtaining accurate predictions in a timely manner. Sounds simple, but it takes planning and persistence. This planning involves being in constant contact with a weather center as potentially severe weather is forecast. Why? So that, for example, a company like Lowe’s can have an advantage over Home Depot by making last-minute changes to its schedule and routing products to various locations ahead its competitor. If there is a cold dry air mass moving into the midwestern United States from Canada, and a warm, moist air mass flowing up from the Gulf of Mexico via the Gulf Coast, states where these two air masses merge can expect severe weather. The trick is to accurately forecast where and when this air mass battle—and the severe weather (including tornadoes)—will occur. The products that people require during severe weather are numerous and vary greatly, from the basics of water, toilet paper, and emergency radios to plywood, sandbags, and generators.

Overall business trends improve when the weather gets better, yet employers of all business types should relish when the weather gets bad. It has been proven that when the weather is bad, that is, rainy, cold, or snowy, workers become more productive. It makes sense: there is less to distract them. In an interesting corollary finding, Dr. Jooa Julia Lee of Harvard University conducted research on how productivity is affected by the weather. She found that even if the weather outside was rainy and gloomy, productivity would increase, but if workers were shown photographs of outdoor activities and fun in the sunshine and were asked to imagine themselves doing those activities, their productivity declined! Thus, weather—even just imagined weather—and its effect on people is the ultimate mind game. Similarly, there have been many studies relating human productivity, attitude, and habits to where they live in relation to the equator. Hot climes produce vastly different effects from cold ones on humans.
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