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Chapter 5 

Ground Truth [Focus: The Antarctic Dry Valleys]

Abstract: In this chapter, the author will argue that affective experience plays an important role in the gathering of scientific information about weather and climate. The physiological and cognitive effects of the bodily experience of weather and climate will be compared and contrasted with the physiological and cognitive effects of experiencing sound through soundwalks, electro-acoustic soundscape compositions, and geosonification works. Information from interviews with weather and climate scientists in Antarctica will be compared with the work of performance artists who have pushed the body to physical extremes.

In addition to the author’s own experiences in Antarctica, interviews with weather and climate observers have provided a new approach. For example, in interviews with members of the Long Term Ecological Research (LTER) group monitoring shifts in climate over time inside the Dry Valleys, the author found evidence about the role of physical experience in information gathering. The subject of embodiment will be addressed through the results from the author’s video essay titled Ground Truth, which compares the collection of data through automatic weather stations with the human body’s actual experience of extreme weather. Hello Weather!, a temporary public artwork by the author, will further examine the experience of weather and real-time weather monitoring data and aim to demonstrate the potentials to bring this experience to the public.

The main questions of this chapter are: 

1] What role does affective experience play in the gathering of scientific information about weather and climate in extreme environments like Antarctica? 

2] How can ecomedia, soundscape, and geosonification artworks about the human experience of extreme environments construct alternative pathways to understanding weather and climate?

Introduction

We are all weather stations.

Human beings are already endowed with a sophisticated set of weather sensors: rain, heat, and cold are felt on the surface of the skin; clouds, fog, and lightning are seen with the eyes; heavy winds and thunder are heard by the ears; and changes in atmospheric pressure are experienced in the body.  A database of these sensory responses is not only stored in human memory, but in any situation the brain can also call up these memories and evaluate the sum of sensory experiences in order to make future predictions. Thus the body is a weather station combined with the predictive and interpretive capabilities of a weather database and models.  However, although extremely effective in gathering qualitative information, the human brain lacks the quantitative abilities of computerized weather instrumentation.  

When humans spend time in extreme environments like those of the Antarctic, the accuracy of weather information is necessary for safety and survival.  It is also very important to precisely track weather in the Antarctic because melting and other events have the potential to transform global weather patterns that can cause disastrous changes across the globe in areas including temperature, sea level rise, and wind circulation (Polli 2008c, 2008d). In this chapter the author will discuss how humans gather and transmit qualitative information about weather and climate in Antarctica, and how this sensory experience may be interpreted and expressed via geosonification and ecomedia works by artists.
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Long Term Ecological Research Group (LTER) automated weather station December, Andrea Polli,  The Dry Valleys Antarctica (2007)

Human Weather Observers in Antarctica

Human weather observers have been stationed in Antarctica for over fifty years. Despite the isolated location, their work plays an important part in the generation of weather and climate forecasts throughout the world.  
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Professional weather observers Katie Koster and Victoria Sankovic and 

NOAA Researcher Andy Clarke, January, Andrea Polli, The South Pole Station Antarctica (2008)

For example, during the 2006–2007 season, there were fewer than one hundred automated weather stations collecting data within the over 14 million square kilometres (5.4 million square miles) that form the Antarctic continent.   Human observers supplement this limited weather station coverage.  Of course, unlike weather stations, human weather observers are also able to assist in day-to-day camp operations.  Remote camps such as the West Antarctic Ice Sheet (WAIS) Divide and Siple Dome usually have one or two trained meteorological technicians (known as MetTechs), who in addition to collecting meteorological data may conduct radio operations, shovel snow, fuel vehicles, and help cook meals (Australian Government Australian Antarctic Division, June 2009).

Human weather observers play several other roles in Antarctica: they verify data from instruments, provide contextual geographical information, contribute overview information (for example, cloud heights and visibility), conduct real-time analyses, and give users confidence in the data (for example, they send real-time radio updates to pilots and air passengers). Because human observers can quickly assess weather conditions with limited equipment available at a remote field, MetTechs provide baseline information for aviation forecasts and atmospheric science research.  A substantial amount of training of MetTechs focuses on determining cloud ceiling heights for aviation. Whether a cloud is at 900 metres or 200 metres (3,000 feet or 700 feet) can literally be a matter of life or death for a pilot, and automated weather stations cannot provide this kind of overview information with any reliable accuracy (Carmody 2008).  According to several weather and climate researchers interviewed by the author in Antarctica, it is unlikely that pilots and passengers would trust their lives to the data from a machine without real-time human verification, even if the automatic stations were able to provide the same overview information (Polli 2008c, 2008d).  

The author witnessed firsthand the powerful authority of a weather observer at the South Pole.  During an interview with South Pole weather observer Victoria Sankovic, a C-130 flight came within range of the station.  Sankovic had the sole authority to determine whether or not this plane, containing about twenty researchers and much-needed supplies, would be allowed to land.  While the plane was approaching, the weather observations that she had been taking hourly necessarily increased in frequency until she found herself out in the -27 degree Celsius air every five minutes trying to determine whether the visibility was adequate for a safe landing.  She kept the plane in the air circling for almost three hours waiting for a window of visibility and nearly directed the plane to turn back. A decision to make a C-130 military aircraft turn around, a situation called a ‘boomerang’, is taken very seriously in Antarctica.  The wasted fuel of a boomerang can cost over $50,000 in addition to lost research time, but the safety of the passengers and crew must take priority (National Center for Atmospheric Research 2009). At last, Sankovic spotted a clear window and the plane was able to land.  At the South Pole and other Antarctic sites, weather observers can undergo this agonizing process as much as twice daily during the busy air traffic in the austral summer season. 

As this episode indicates, despite the expense of keeping the human body alive in a dangerous environment like Antarctica, human weather observers are not only prominent, they are also essential to field operations. Human weather observers must sense weather conditions with their bodies and respond rapidly to changing conditions.  In matters of life and death in the field, the sensing capabilities of the human body are trusted more than the state of the art instruments.  How does the body gather this essential information about weather and climate in contrast to automated weather stations?

Automated Stations Compared to Human Observers

The author interviewed several scientists in Antarctica who stressed the importance of human weather observers. Jeffrey DeRosa and others reaffirmed that stations are unable to provide accurate information about precipitation and cloud cover (Polli 2008d).  Human observers can conduct continuous observations, while weather stations can only gather discrete measurements of data.  Human observers have the ability to refer to memories of experiences to make a real-time analysis of a situation, while an automated station is able to store information but cannot analyze in real time.

A basic automatic weather station in Antarctica has a suite of sensors that measure the temperature, pressure, relative humidity, wind speed, and wind direction. Some stations have additional sensors to measure variables such as snow temperature, water temperature, and perhaps even a range of vertical temperature from the top of the station tower to the bottom. If the station is connected to a network, the data are directly transmitted to a weather satellite.  If not, a human technician must download the data (National Center for Atmospheric Research 2009).

Unlike humans, stations can stay in one spot in extreme environments for long periods of time; however, like humans, stations are susceptible to wear and tear. Matthew Lazzara, a meteorologist in the Antarctic Meteorological Research Center at the University of Wisconsin–Madison who is the Principal Investigator on the Antarctic Automatic Weather Station project, explained some of the problems with maintaining the stations over time: “Some of the biggest challenges in getting weather observations in the Antarctic are being able to keep the stations that we have running. Some stations are susceptible to those high wind conditions that the Antarctic experiences and don’t survive a whole year. Some stations are in marine environments, and they are either corroded away or succumb to the icing conditions that they may experience … after a few years, those weather stations do eventually become buried [in snow]. So we do have to routinely revisit them on some regular schedule, unbury the instruments, and add new sections of mast or tower to our stations and then reapply the instruments to the tower to keep those sites running” (National Center for Atmospheric Research 2009). 
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LTER Researcher Hassan Basagic performing yearly maintenance on automated weather stations in the Dry Valleys Antarctica, December, Andrea Polli (2007)

Besides the human maintenance of instruments, some scientists discussed the value of nonquantitative information gathered by human observers to scientific research (Polli 2008a).  Dr Andrew Fountain, principal investigator of the Antarctic Long Term Ecological Research (LTER) project explained: “For us, there are two ways to look at it, and one is just the maintenance of the instruments.  Because, for example, measuring the sunlight with a sensor—well, if a windstorm comes along that bends the sensor we wouldn’t necessarily know that.  We would just say ‘oh, it’s getting a lot cloudier’ or something.  So just the basic visits to the stations really help.  But also, just because you have the data doesn’t mean you understand the system.  It’s important to come down and view the landscape and in our case view the glaciers, and [see] how the glaciers are reacting to these changing environments.  And that kind of feeds into our understanding and our nonquantitative knowledge” (Polli 2008e).  Other scientists also spoke about the value of this nonquantitative  knowledge.  Dr John Cassano, Antarctic climate modeller and Assistant Professor at the University of Colorado, spoke about how experiencing weather helps him to build better climate models:  “I think experiencing the weather that you’re trying to study provides you with … a lot of clues and a lot of bits to think about that you miss from just having a weather observation that just tells you the temperature is this and the wind speed is this.  If you’re standing outside and you feel the gustiness of the wind or you see the way the clouds are moving across the sky, these are intangible things that are providing clues as to what might be going on … being on the ground and seeing what a place is like and seeing what the weather is like there gives you an intangible sense of the location there and improves your interpretation and your understanding of what your computer model is telling you or what the weather data is telling you” (Polli 2008c).

Although most nonscientists would refer to the bodily experience of weather as ‘tangible’ rather than ‘intangible’, as a climate modeller, Cassano was not alone in describing sensory experiences as intangible and the numerical data as tangible (Polli 2007b, 2008e) To a weather and climate modeller, numerical data is necessary to create representations of both current and future scenarios.  Information gained from a physical experience of weather cannot currently be quantified in the same manner that information from weather sensors can be, and therefore bodily experience cannot play a major role in computerized models.  Computer-based representations of weather and climate are what most meteorologists interact with on a daily basis; they rarely have the opportunity to be present in extreme weather situations like Antarctica.  The actual, physical experience of a location is primarily something that is imagined by a modeller while he or she is exploring a screen-based representation.  Therefore, to a climate and weather modeller, the representation is the tangible and the lived experience is the intangible.

Despite their prominence, even the most advanced weather and climate models are simplified versions of reality.  This simplification is necessary for a useful model (Polli 2007a).  However, scientists often spoke in depth about how bodily experience of the real world detail that weather and climate models lack can help a scientist’s understanding of his or her model.  As Cassano explained: “I know that my computer simulations will never fully capture what is being observed there because I’m not resolving all of the details of the small rocky island, and the position of that weather station relative to the geography of the area.  And so I think it gives you that sense of how much to expect what you model to match what is actually being observed, because what you’re modelling is different than what’s being observed in reality” (Polli 2008c).
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Dr John Cassano measuring yearly snowfall at an automated weather station site at Windless Bight Antarctica, January, Andrea Polli (2008)

Several scientists affirmed that a keen sense of the limitations of computer models is essential in understanding weather and climate.  Cassano also pointed out the limitations of the weather instruments themselves.  He stressed the value of human observers on the ground in Antarctica to verify the data from instruments: “Things always go wrong.  You get problems, your rain gauge has become blocked with blowing snow, or . . .  all kinds of things can happen that a human observer going in day in and day out making measurements would see and an unmanned, untended weather station sitting out there—you have no idea.  You might get clues looking at the data that something has gone wrong.  I think there’s a real value to human observers” (Polli 2008c).

Rolf Hennig, a weather forecaster employed by Scientific Research Corporation, a private company that provides meteorological support for the United States Antarctic Program, also emphasized the importance of experience in human weather observing, specifically in the area of pattern recognition:  “The experience level of our forecasters helps immensely with our forecasts. . . . These forecasters that we currently have employed with us have been to the ice (Antarctica) a minimum of four or five continuous operating seasons, so they have had the benefit of having seen every year recurring patterns and are now adept at pattern recognition on satellite imagery. We are at the point now where the experience is so beneficial that if we were to lose these forecasters and hire forecasters that have never been to the ice before, then that learning curve needs to be reestablished again with them, and then that learning curve becomes rather steep” (National Center for Atmospheric Research 2009). Despite all the advantages of human observers, Cassano made it clear that one problem with human observers is that they lack the consistency of instruments: “That said, human observers introduce bias, every personal look, some state of the atmosphere and it’s a little bit different to them.  They might report a slightly different cloud cover or measure a slightly different cloud base, and so there’s this inconsistency between the observations that a purely automated observation doesn’t have.  You know what accuracy your instruments have” (Polli 2008c).  What Cassano calls the ‘personal bias’, or the implications of embodied weather perception, will be examined further in the next section.

Human weather observers clearly have some advantages over automated stations.  Humans can verify data coming from a station by observing inconsistencies between data and actual conditions and by watching for instrument problems like snow cover and damage.  Humans can provide overview information, assessing general conditions much more quickly than machines.  The human skill of pattern recognition makes a seasoned weather observer extremely valuable for his or her ability to analyze trends in real time.  Despite these benefits, each individual human weather observer’s experiences introduce a personal bias that is far more complex and difficult to correct than errors introduced by automatic stations.  However, physical conditions such as snow cover and wind damage can cause stations to sense incorrectly.  These inconsistencies, present in data collected by both humans and machines, require that humans work with machines to obtain the most accurate results.  The next section will examine the statements of the Antarctic scientists and weather observers through a dual lens of the philosophies of embodiment and social geography.

Embodiment and Ground Truth

In Where the Action Is: The Foundations of Embodied Interaction, computing pioneer Paul Dourish examines the philosophical basis of embodiment in human-computer interaction.  He outlines two definitions of embodiment. First, he defines it simply as possessing and acting through a physical manifestation in the world.  He then rejects this description as too restricted to the physical foundation in favour of a category that encompasses phenomena that unfold in space over time, like conversations and mutually engaged actions.  This new definition describes embodied phenomena as those that by their very nature occur in real time and real space, combining the physical interactions with the symbolic  (2001, p. 100). This definition of embodiment allows Dourish to include embodied interaction as a part of networked computing. One of his theories of embodied interaction—tangible interaction—includes many of the skills of human weather observers.  For example, the skills of “exploring, sensing, assessing, manipulating, and navigating” are essential human skills that Dourish suggests tangible interfaces should exploit (2001, p. 206).  While Dourish gives equal weight to these five skills of human beings, the Antarctic weather and climate scientists interviewed by the author focused on the two skills of assessing and manipulating as those human skills most valuable to the task of weather observation  (Polli 2008b, 2008c, 2008d, 2008e, 2008f). Dourish separates the skills in his analysis, but according to Rolf Hennig, any experienced human weather observer will comment that the skills of sensing and assessing are inextricable.

Throughout his analysis, Dourish criticizes the traditional core of computational media, symbolic representation, but he does not embrace Nigel Thrift’s ideas of ‘non-representation’ (Dourish 2001, p. 206).  As a radical embodiment theorist, Thrift’s definition of embodiment includes “tripping, falling over, and a whole host of other mistakes. It includes vulnerability, passivity, suffering, even simple hunger.  It includes episodes of insomnia, weariness and exhaustion, a sense of insignificance and even sheer indifference to the world.  In other words, ‘bodies can and do become overwhelmed’”  (Thrift 2008, p. 10). Thrift’s qualities of embodiment are extremely relevant in environments like Antarctica where the freezing cold can cause bodies to shut down completely, overwhelmed by hypothermia.  Thus, Thrift’s nonrepresentational theory posits that “there is no stable ‘human’ experience because the human sensorium is constantly being re-invented as the body continually adds parts in to itself; therefore how and what is experienced as experience is itself variable” (Thrift 2008, p. 2).  

Thrift’s viewpoint reinforces Cassano’s statements about the inconsistency of human observations but confirms that spatial technologies may decrease embodiment.  For example, social geographers argue that spatial technologies like GIS can increase the psychological distance between an individual and his or her environment, leading to a marked decline in knowledge of and familiarity with the world (Pickles 1995, pp. 101, 102).  Social geography examines the social implications of knowledge of the world, in particular that knowledge gained from geographic information systems (GIS), and since both Dourish and Thrift discuss social and spatial practices, their work has informed this growing field.  Dourish, Thrift, and the social geographers agree that while machines are clearly useful, the data they provide are most often static, unable to represent interactions, uncertain phenomena, and to determine the quality of relationships (Pickles 1995, pp. 40, 99).  These critiques express much of the same frustrations the Antarctic weather and climate scientists expressed to the author about the weather stations: their inability to provide data for more than one static location, lack of pattern recognition, and inability to provide relational and qualitative data. 

Social geographers and the scientists interviewed by the author in Antarctica described ‘ground truth’ as the antidote to this psychological distance (Pickles 1995). The term ground truth was used by the scientists to describe one of the most essential jobs of field researchers, that is, gathering information with the human body, in contrast to the remote sensing of satellites or even the automatic gathering of ground-based data.  Seismic researcher Don Voigt described the role of researchers in a typical field operation in Antarctica: “Part of what we were doing was sort of ‘ground truthing’ where we were getting very detailed information about the ice so that when we fly the radar we know what the radar is looking at because you can get features in the radar data that unless you’ve been on the ground and looked, you don’t know what those features represent” (Polli 2008a). However, ‘ground truth’ as understood by the researchers seems to derive primarily from visual observations, whereas the work of Dourish and Thrift includes all the senses.  

Physical presence in extreme environments has been described as necessary to weather and climate research by Antarctic specialists because human observers can provide timely information, describe detailed features of an environment that may affect the weather and climate, and use past experience to analyze conditions.  The relationship between human observers and automated sensors in Antarctica is one of checks and balances, with human observers validating machine data and machines verifying human observations through precise measurements.   Paul Dourish and Nigel Thrift define embodiment in the context of machine-human interaction from the perspective of machine interface design.  Dourish provides a basic analysis, outlining five human skills related to embodiment.  These skills are clearly valued by Antarctic weather and climate researchers, but Dourish’s analysis does not consider how these skills might be affected when the observer is in an extreme environment.  Thrift’s nonrepresentational theory of embodiment takes the effects of exhaustion, illness, and other causes of weakness into account.  These issues are of much concern in Antarctica, for example, the unpredictable margin of error of a human observer as described by Cassano makes machine sensors invaluable in such conditions.  Thus, understanding qualitative human experience in relation to machines in weather and climate research is an important issue to scientists in Antarctica.  Can art, in particular technology art, in and about these extreme conditions help to further define these relationships and perhaps even build new perspectives?  In the next section, the author will discuss the triad of spatial practices, representation of space, and representational space in the context of contemporary technological artworks.

The Social Production of Atmospheric Space

Sociologist Henri LeFebvre analyzed the social production of space through three moments: spatial practices, representation of space, and representational space.  The term spatial practice describes the organization of actions in space: daily routines, transport networks, urban hierarchies, and divisions of public and private space. For example, while representations of space are symbolic constructs that describe space, representational spaces describe nonverbal symbols and images, the works of artists, photographers, and filmmakers, in other words, the space lived through images and symbols.  In LeFebvre’s analysis, these three productions of space form a triad where spatial agents move through each part of the three elements seamlessly (LeFebvre 1974).

LeFebvre was mostly looking at urban spaces and the influence of capitalism, but it is possible to apply his triad to the working lives of the researchers in Antarctica. To an Antarctic field researcher, spatial practices might include reviewing fixed wing and helicopter flight patterns and schedules, performing radio checks, and making weather observations. To an Antarctic weather and climate scientist, LeFebvre’s representations of space would be defined as a combination of GIS, images and data from remote sensing satellites, and weather and climate models.  Based on the author’s interviews, widespread representational spaces created by Antarctic weather and climate scientists seem to be in flux.  For example, after returning from fieldwork on the Taylor Glacier in the Dry Valleys, the author spent several hours with a group of glaciologists discussing a visualization they had created of changing temperatures inside the glacier.  Slight changes to the parameters of this visualization created dramatic perceptual changes in the meaning of this image. Yet at the same time the algorithms and assumptions used to create the visualization were highly controversial.  These researchers’ experiences of symbolic representational spaces were much more active than LeFebvre’s more passive definition.  

The author has produced a short documentary, Ground Truth, in which Antarctic researchers attempt to express how nonquantitative, experiential information is integrated into the mental models of weather and climate science.  In this video essay, the scientists describe the importance of ‘ground truthing’ and how this information is used to develop and verify models. In a linked Web site, 90degreessouth.org, a full set of these audio and video interviews allows audiences to gain more detailed information about the subject. By asking the scientists to speak directly to audiences about their experiences rather than presenting these ideas filtered through a nonscientist interpreter, the author attempted to create an alternative pathway for understanding the process of weather and climate data gathering and analysis. In these interviews one can find two distinct worldviews.  One group of scientists stated that human observers will only be necessary until instruments become advanced and reliable enough to collect the same level of information a human can gather; a second group explained that machines will never be able to collect the same quality of information as humans, and that the human researchers will never accept the validity of information without the ‘ground truth’. Therefore, one group imagines the results of computational and sensing machinery to be absolute, while the other accepts a biological mode of sensing and analysis that has intrinsic value, either actual or perceived.  Both views accept a current symbiotic relationship between human and machine that is based on embodiment in the space. The experiences of the weather observers are clearly time based and process oriented, thus the level of spatial experience that both Dourish and Thrift make central to their philosophical analyses can be applied to these researchers and their environment. However, the phenomena experienced by the weather observers is often invisible, atmospheric phenomena, and while both Dourish and Thrift discuss invisible social networks between people, interaction between humans and atmospheric phenomenon at this advanced level is not explored in detail by either theorist.  This is unfortunate because the experience of invisible atmospheric phenomena is a basic part of human interaction with the spatial environment, and therefore a detailed analysis could provide inspiration to the design of effective social networks.  This is a rich area for further research. An important yet invisible aspect of human atmospheric experience is the soundscape.  The next section will examine the extreme sounds of Antarctica and how this soundscape can affect scientific research.
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Promotional image for the Ground Truth video essay showing meteorologist Jonathan Tham at an automated weather station at Windless Bight Antarctica, January, Andrea Polli (2008)

Soundscape, Geosonification, and Ground Truth

The scientists interviewed for the Ground Truth video essay comment on three qualities of embodiment: the importance of quantitative knowledge, the visceral experience of a specific field site, and being immersed in a particular place (Polli 2008a). An important part of the experience of any place is its soundscape.  The human experience of sound is inherently immersive.  Because our ears are located on the sides of the head, sound surrounds us. In contrast, our eyes, located in the front of the head, enhance directional perception.  As R. Murray Schafer and others have described in detail, the elements of a soundscape can give listeners an enhanced sense of place (Schafer 1994).  Musician and scholar Bernie Krause and others have even used soundscape analysis to determine the health of an ecosystem  (Krause 1998).  In Antarctic seismic research, sound is used to augment understanding.  Antarctic seismologists Dr Rick Aster and Dr Douglas McAyeal employ audification of ice movement data to help in their analysis of natural phenomena (Polli 2008a).  Active seismic research (the process of expelling small explosive charges in the ice and recording the echoes of the blast using geophones in order to determine the shape of the surface beneath the ice) is also used in Antarctica. Antarctic researcher Don Voigt was a field researcher in the Pole Net project, a five-year project to map the Transantarctic Mountain Range through passive seismology. Voigt described in detail how his work on the ground with both passive and active seismology has been affected by weather, and in particular he talked about the difficulty of differentiating signal and noise.  For example, in relation to an active seismic project in Greenland, he explained: “The wind in particular produces a lot of white noise at the surface.  You can’t really correlate it between locations, you can’t really subtract it out, and if the wind starts blowing to the point where the snow is moving we have to stop our work because it just hammers the geophones.  They are so sensitive that it will swamp the geophones.  Even though these are very sensitive and we have a fairly large explosion, some of the recordings are very small, so just the noise of the snow moving across the surface would swamp the kinds of reflections” (Polli 2007b).

While seismic researchers on the ground listen in real time and make judgements about where and what to record, Voigt was careful to point out that while this makes it possible to analyze data in the field, researchers must limit the amount of analysis to a quality-control level only.  Because the field operation in an extreme environment is so costly, it is necessary for researchers to limit their analysis to favour constant moving and making measurements.  Voigt described an experience he had in Greenland that applied to his fieldwork in Antarctica as well: “There is information you get, we call it just QC, quality control, information about the records. If your signal to noise ratio is bad in the field you may want to stack.  You can see that.  You may want to do closer interval shots so you can get more records to add up the signal and reduce the noise. … In Greenland, the signal, the bed, everything was coming out so clearly in the field that it was really quite remarkable, and it was at times slowing us down because everybody was trying to do science when we needed to be collecting data” (Polli 2007b).  

Voigt also revealed the unusual nature of the soundscape in the deep Antarctic.  He and others confirmed that the Antarctic soundscape was one of extremes, from the very quiet to the oppressively loud: “Some of the quiet times down here are really some of the most interesting, the times when the wind drops and you have no reflectors around you at all.  Especially in the West Antarctic it’s flat, and when you have no reflectors you have no sound coming back that you’re generating. It actually can get still enough that you hear your heart beat, and that’s pretty interesting. Especially when the wind is completely still” (Polli 2007b). To be in a place so quiet you can hear the processes of your own body is a profound experience.  While recording in the Dry Valleys, the author continuously heard a high-pitched sound she attributed to the wind.  However, when she reviewed the recordings in the lab, the high-pitched sound was not on the recording.  After trying to record the sound twice, she realized that in the field she was most likely hearing the sound of her own nervous system. 

While the soundscape of the Antarctic can be one of the most quiet in the world, it can also be extremely loud, as Voigt describes: “Then the other extreme would be when the wind is really screaming, and you’re in a tent and everything is just sort of vibrating. You get poles humming and bamboo sometimes will crack and the whole thing will whistle as the wind travels past it. So, that’s always interesting. The tent will vibrate and set up harmonics, it gets pretty intense when the wind is really screaming” (Polli 2007b).

The experience of these sonic extremes was one of the author’s motivations to travel to Antarctica.  In an attempt to reproduce the immersive nature of the Antarctic soundscape, the author recorded sound while wearing in-ear binaural microphones (microphones that are placed inside the ears while recording in order to create a stereo image).  These recordings were used as inspiration for geosonifications made by the author with Antarctic weather and climate data collected by the researchers.  Both the soundscape recordings and the geosonifications serve as the soundtrack of the Ground Truth video essay.  Through the soundscape recordings, audiences can become immersed in these environments. Through the geosonifications, the scientists and scientific instruments ‘speak’ directly to audiences through their data sets. In this way the video essay integrates a combination of geosonification and soundscape in order to bring audiences closer to a visceral understanding of weather and climate and the Antarctic continent. As has been demonstrated in the previous sections, the real-time experience of atmospheric conditions, including the soundscape, is an element of scientific research.  The next section looks at contemporary artworks that use real-time atmospheric monitoring technologies to convey information and create novel experiences.

Ecomedia Artworks Related to Experiencing and Monitoring Atmospheres

In 2008, the author curated an exhibition for the online Greenmuseum called Aer. Two works by Australian performance artist Sarah Jane Pell were included (Polli 2008a).  Both of these artworks place the human body in an extreme environment and highlight our dependence on air as living, breathing beings. Interdepend, a closed-circuit life support system created by Pell and artist Martyn Coutis, placed the artists in mutual dependence for the very breath of life. Undercurrent presented a single performer contained within a sealed transparent dome containing a finite amount of breathable air.  There is an overwhelming emotional intensity to these works, and presenting them is very physically demanding for the performer.  Pell is a professional scuba diver, and her works are inspired by her experiences in this extreme environment.  In Antarctica, researchers also depend on each other for life support in the extreme cold; they must work against the clock as there is a limited amount of time a human body can be continuously exposed to extreme cold environments.  For example, in frigid water, hypothermia can begin to occur within ten minutes (Ballantyne 2009). At the South Pole, where temperatures of -27 Celsius are considered warm in the summer, weather observers often limit the time of outdoor observations to just a few minutes.  Often they must take a partner on the observation for both verification of the observation and for safety. Pell’s apparent apocalyptic vision of the future as evidenced in Interdepend and Undercurrent is one in which the very air we breathe is a limited commodity.  In the future, will breathable air be so scarce that humans will have to be contained in controlled environments while our machines report on the world outside?  Will every environment require special technologies for survival?  By addressing a future of limited air, Pell’s work creates an alternative pathway that forces audiences to consider the important reciprocal relationship between our bodies and the Earth’s atmosphere.  

The author’s experiences with weather and climate scientists in Antarctic led her to create the art and science project titled Hello, Weather! that is analyzed in depth in the chapter “Breathtaking”.  This series of professional weather stations installed in art and community centres throughout the world attempts to demystify the collection and interpretation of weather and climate data. Artists, technologists, ecologists, and environmentalists have been brought together around a growing number of these public weather stations.  By using sophisticated weather technology in an accessible way, through Hello, Weather! the author attempts to create an alternative pathway for audiences to access and compare information about weather and climate. (footnote 1) At these sites, the station itself ‘becomes’ a public artwork in context, giving it a presence beyond that of a merely functional station. All stations are wireless and solar powered and transmit data to a receiver that logs and uploads the data to an on-site computer.  Data is saved locally for archiving and use in projects, and several stations currently provide data to three international volunteer weather observer projects: Weather Underground, Anything Weather, and the Cooperative Weather Observer Program (CWOP).  The data are extensively reused in government and commercial forecasts and scientific research.  In addition, the stations provide updated, online custom-formatted data. For example, various combinations of data are available in ascii text format and xml.  The station also serves as a context for workshops, presentations, and other activities related to weather and climate. (footnote 2) For example, in 2009 at Outpost Contemporary Art in Los Angeles, the author hosted a workshop on the theme of ‘we are all weather stations’ in which visitors learned about weather stations and shared stories of their most pleasant and unpleasant affective weather experiences both verbally and in writing on a large weather map in the gallery space. Also in 2009 at Springs Preserve in Las Vegas, the author hosted a workshop that combined a scientific talk by the air quality scientist from the Desert Research Institute, Dr David Dubois, with a ‘we are all weather stations’ creative writing workshop.  Visitors to the Hello, Weather! Web site are invited to contribute stories of extreme weather experiences, and the site includes several audio conversations between the author and interview subjects from all over the world; they are talking about personal experiences of climate change.  Through these workshops, the author attempts to bring the affective experience of weather and climate into public consciousness and to connect personal stories to the process of weather data monitoring and analysis.  By sharing their experiences, workshop participants become aware of the importance of weather and climate to their personal life history and of the subjectivity of individual weather interpretation. This awareness, coupled with learning about the science of weather and climate monitoring, will hopefully lead to a greater understanding and appreciation of the work of atmospheric scientists.
Conclusion

Through examples from the author’s own experiences in Antarctica in 2007/2008 and interviews with Antarctic weather and climate researchers, the author has shown in this chapter that affective experience plays an important role in the gathering of scientific information about weather and climate. The capabilities and roles of human weather observers have been compared to the functions of automated weather stations, and the physiological and cognitive effects of the experience of weather and climate has been examined.  The immersive experience of weather has been compared and contrasted with the immersive experience of sound, specifically soundscape and geosonification. The work of performance artist Sarah Jane Pell, who has pushed the body to physical extremes, and the author’s ecomedia artworks Ground Truth and Hello, Weather! were examined for their connection to the theories of embodiment of Paul Dourish and Nigel Thrift, among others.

Through the video essay Ground Truth, the author examined the role of embodied experience in the science of weather and climate from a documentary perspective, while through the ongoing public art project Hello, Weather! she explores ways to engage the general public with weather monitoring in the context of weather stations.  These works approach the creation of alternative pathways to environmental understanding in two ways: Ground Truth brings the rarely heard voices of scientists and geosonifications of their data to the public, while Hello, Weather! brings microclimate monitoring and unfamiliar scientific instrumentation to public awareness and allows the public to share personal experiences and perspectives on weather and climate.  The theme of ‘we are all weather stations’ used in two Hello, Weather! workshops allows participants to relate to weather monitoring in a personal way. Ground Truth highlights the importance of human affect and experience in monitoring the environment and provides the general pubic with an alternative pathway to connect to remote and inaccessible scientific work, since everyone has a personal experience of the weather.  In the opposite way, Hello, Weather! brings scientific instrumentation and processes to the public, providing a different alternative pathway to understanding the functions of some of the complex machines used by the scientific community.

Footnotes

1. After an initial trial at the Atlas Centre for Art and Technology at the University of Colorado, Boulder, the first official Hello, Weather! station was installed at Eyebeam Center for Art and Technology in New York City (2008) and remains in operation at the time of this writing.  A second station has been installed at various locations in New York City, including on the roof of the Queens Museum of Art as part of the Queens International exhibition.  A third station is located at the Center for Contemporary Art (CCA) in Santa Fe, New Mexico, and a fourth was installed temporarily at the Outpost Contemporary Art Center in Los Angeles and is now permanently installed at the Audubon Center at Debs Park, Los Angeles.  A fifth station has been installed temporarily at the Goldwell Art Museum in the ghost town of Rhyolite, Nevada, near Death Valley, at the Beatty Nevada Community Centre, and at the Spring Preserve in Las Vegas. 

2. The first workshops hosted by Hello, Weather! were a series of group discussions bringing weather and climate scientists and artists together at Eyebeam in the summer and fall of 2008.  Scientists presenting their work included Tim Dye of AirNow and the Environmental Protection Agency; Ken Mankoff of the Columbia University NASA Goddard Institute Climate Research Group; and Sarah Williams, Director of the Spatial Information Design Lab, Columbia University, Graduate School of Architecture Planning and Preservation. Guests presented their work to a group of Eyebeam artists of the Sustainability Research Group followed by group discussions of future directions. Hello, Weather! at Eyebeam also hosted a public weather balloon launch as part of a summer block party and an all-ages holiday workshop on creating Extreme Weather Snow Globes from recycled materials.  
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