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Part II - Body of Evidence – Geosonification and Ecomedia as a Catalyst for Environmental Knowing

Chapter 3. Witnessing Space [Focus: Taipei]

Introduction

According to Nigel Thrift’s nonrepresentational theory,(Thrift 2008), the most salient characteristics of embodied existence are sensation, affect, and movement. The author will discuss and compare nonrepresentational with other theories of cognitive science and cultural geography in order to examine the role of affect in environmental understanding. The claim is that immersive experiences of soundscapes or geosonifications can constitute a kind of “witnessing space” (Dewsbury 2003).

First, the author will provide a background to contemporary air quality science that will include excerpts from interviews with two aeronomists in the USA, former National Center for Atmospheric Research aeronomist Paulette Middleton and Desert Research Center aeronomist David DuBois. Previous projects by the author using real-time and modeled weather information (Atmospherics/Weather Works and N.) will then be compared with these opinions and immersive experiences. Airlight, a series of real-time, ambient, animated geosonifications of air quality data from various government and private sources will be presented as a case study using these findings. The first manifestation of that project, Airlight Taipei, will be the primary reference, and theories of affect will be examined in this context. The following questions will be explored: Are there correlations between the idea of continual emergence as described in Thrift’s nonrepresentational theory and the ambient sonic experience of real-time, real-world data? Can geosonification be identified as an affective medium?  Has widespread public access to real-time, real-world environmental data changed the public’s experience of “being in the world” and therefore altered the immersive affect? 

The Air Quality Problem

Poor air quality has had a dramatic impact on human lives. The World Health Organization reports that 3 million people worldwide now die each year from the effects of air pollution (WHO 2002), and research suggests that each year in Europe, air pollution is responsible for 310,000 premature deaths (House of Commons 2010).  With the institution of global trading in sulphates and other air pollutants, breathable air has become a commodity.  Air is not only a part of the system that sustains life but has also become part of the international economy.  Therefore, both this air economy and the lives of all breathing beings on Earth depend on the extent, accuracy, and interpretation of air quality monitoring networks. Despite the importance of the problem, air quality sensor networks have only been in use on an international level for just over twenty years.  These networks are usually funded by national governments.  For example, in the United States, air monitoring networks are supported by the Environmental Protection Agency (EPA), the Forest Service, the Fish and Wildlife Service, the Park Service, and the Inter-Agency Monitoring for Protected and Visual Environments (IMPROVE). As an example to illustrate the scope of these networks, the IMPROVE system oversees approximately two hundred sites in the United States. In addition to these ground-based sensor networks, there are a number of remote-sensing satellites in operation that examine levels of ozone, sulphates, nitrogen oxide, and other air pollutants. Compared to the thirty-year scientific standard for measuring atmospheric trends, this twenty-year air monitoring record can now only begin to provide somewhat reliable trend analysis.  In addition, worldwide small (2.5 micron) particulate collection is only just over ten years old, placing scientists at the cusp of interpreting and understanding this large body of international data (Polli 2009).  

This new, wide-ranging collection is beginning to have a cultural impact.  It is transforming public understanding of the air because a vast majority of this monitoring data, both from ground-based sensors and remote satellites, is available to the public online, and large, ad hoc international networks of amateurs have emerged that look at and analyze this data  (Polli 2009).  Theorist Nigel Thrift suggests that this expansion of public access to earth-sensing data will have a transformative effect on human spatial awareness and therefore will shift what it means to be human. He defines a human’s ‘qualcalculative’ sense as a kind of intuitive interaction with information because it cumulates from continuous access to a constantly transforming data space, or ‘ambient information’  (Thrift 2008). Counter to Thrift’s theoretical ideas about human transformation due to exposure to ubiquitous data space, air is invisible and moves in complex ways, and it is challenging for nonscientists to understand and interpret air quality data (Polli 2009). In the realm of public policy, poor air quality is often described through sensations, like the negative effects of pollution on visibility. In Denver, Colorado, scientists, including Paulette Middleton, and environmental activists have mobilized public concern about the visibility of distant mountain ranges to transform the way air quality science could be conducted.  The interdisciplinary work performed by Middleton and her associates was actually able to change public consciousness by connecting the aesthetic aspects of visibility with the health problems caused by air pollution. The aesthetic experience of an environment was used to increase public scientific environmental knowledge and affect change (Polli 2008b).

Therefore, the author will examine Thrift’s theories of qualcalculation in the context of air quality data monitoring and interpretation, analyze Middleton’s assessment of the Denver study, and attempt to demonstrate that ecomedia artworks that visualize and sonify invisible air pollution can also have an impact on how people understand local and global air quality. To begin, how were aesthetic experiences of environmental beauty in Denver, Colorado, integrated into scientific aeronomy research, and did an interdisciplinary effort to create policy changes improve air quality in the region?

Seeing Is Believing

Poor long-range visibility is caused by what scientists call ‘regional haze’.  Regional haze is caused by aerosols, which are chemicals or particulate matter (PM) combined with tiny liquid droplets suspended in a gas, for example, smoke, dust, or sulphate combined with water. The most commonly measured particulates are based on size, PM 10, or particles of approximately 10 microns in size, or the smaller 2.5-micron size (PM 2.5) (United States National Institute for Occupational Safety and Health 2010). These fine particulates scatter incoming sunlight to create airlight, a visible white smog caused by the illumination of fine dust particles in the air. The term airlight is often used by meteorologists in Los Angeles, where fumes from car exhaust create what author Lawrence Weschler describes as ‘a billion tiny suns’  (Weschler 2004).  On the American East Coast, high levels of humidity make poor long-range visibility the norm, so, for example, a good day in New Jersey might have a visibility of 15 to 25 kilometres.  In contrast, in the American west, where dry conditions are common, visibility can regularly be a much as 200 kilometres (Polli 2009).  In a region dominated by scenic mountain vistas and some of the largest and most beautiful national parks in the world, a distorted or blocked view can be easily understood by the public as an air quality problem.  Scientist and activist Paulette Middleton describes this phenomenon in an interview with the author: “People love to see the mountains here in Denver just like they love to see beautiful vistas in national parks and wilderness areas all over the country.  When there’s a lot of air pollution in the air sometimes you can’t even see the vistas, or they’re discoloured, or you get borders or all kinds of disturbances. . . . And of course the fact that you have that in the air is a good indication that the air is not good for you to be breathing, either” (Polli 2008b).

In scenic areas poor visibility can be a catalyst to promote public interest in air quality issues and to boost public action to reduce air pollution. In Denver, visibility problems have actually changed the way aeronomy has been conducted, and because the issue of visibility became such a major factor in air quality legislation, scientists in the Denver study focused on correlating physical and chemical properties of the air with changes in visibility.  As Middleton explained: “The idea [of the scientific research] was to get a very clear understanding of where people were judging the air quality to be really bad, in other words, [where] the vistas didn’t look very good . . . and how that related to the standard things you can measure in the air, the physical and chemical properties. You’d have an instrument measuring things like light scattering and light absorption, so that way you could have those instruments out there all the time and when they hit certain levels you could say ‘that’s a visual air quality violation’.” (Polli 2008b). Middleton and her colleagues created an extensive program, and the result was that the state of Colorado was one of the first states in the USA to actually set a visibility regulation.  Visibility measurements are now standard in U.S. national parks and wilderness areas.  

However, in Denver there was more at stake than purely aesthetics.  Aesthetic degradation could actually be directly connected to negative economic impacts in the region.  Because Colorado straddles the Rocky Mountains, a large part of the state’s economy is tied to tourism, with people from all over the world visiting the state to ski, hike, mountain climb, and enjoy the majestic national parks.  When Middleton first began her work, something she and others called a ‘brown cloud’ caused by industrial and automobile pollution had formed over the entire Denver metropolitan area.  As she states, this factor was causing economic decline: “There were other studies pointing to the fact that Denver, because of its brown cloud, was suffering economically.  Industries did not necessarily want to move into the area” (Polli 2008b).  The economic problems provided a governmental incentive to support studies of the brown cloud and to try to develop policies that would reduce its visibility. This change to the research promoted by the city of Denver certainly required a more interdisciplinary approach, so Middleton’s aeronomy group worked closely with scientists from other disciplines, government agencies, and the public.  She described how the interdisciplinary approach was employed from the very beginning of the research:  “Part of [the science] was not just working together with psychologists who had to set up the [experiments] to measure the impacts, but we actually made a connection and had a long-term relationship with the Colorado Department of Health and the people.  They knew what was going on, they were part of the whole process, and then by the time the results started coming out they were co-authors on papers and they could just take the [results] and start moving through the official policy channels” (Polli, 2008b).

 Middleton believes that the reduction of air pollution in Colorado was successful in part because it was easy for the public to relate to the idea of bad air in the context of its visibility.  In contrast to public understanding of more complex issues like climate change, she said, “air pollution is not a hard thing to grab on to.  People see the air and it looks bad, they smell stuff from the air and they know something is bad.  That doesn’t seem to be much of a problem, talking about air quality” (Polli 2008b).  

It is obvious that an encounter with a beautiful vista from a far distance is a pleasurable experience, provoking a series of positive emotions, and of course people pay large amounts of money to have these views from their home or from a resort.  When the bottom of the Grand Canyon is shrouded in smog during a few short days of a family vacation, clearly strong negative emotions are produced.  The emotional power of the landscape in Colorado played a strong role in mobilizing the public around the air quality issue and changed the process of scientific research by promoting a direction that correlated visibility with chemistry. This interdisciplinary approach can create positive policy changes, but questions remain: what is the role of affect in the experience of both physical space and data space, and can affect in data space cause similar shifts in public awareness?  In order to investigate the similarities and differences of the affect of physical space versus data space, the author analyzed several theoretical perspectives that serve to elucidate the concept of environmental knowing.

Affect and Data Space

Affect from a cognitive science perspective is generally defined in two ways: firstly as mood, in other words, pleasant or unpleasant feelings, and secondly as intensity. For example, in the research of psychologists Gerald Clore and Maya Tamir on the impact of emotions on decision making, affect is defined as mood.  Clore and Tamir argue that moods are evaluative, and that most decisions, whether intuitive or deliberative, involve appraisals of positive or negative feelings.  For example, in their research they confirmed that a positive or negative mood affects risk judgements, with subjects experiencing feelings in a particular situation as information about the level of risk in that situation (Clore and Tamir 2002). Although the complexity of mood and emotion was reduced to only positive or negative, this research opens up the possibility that affect can alter judgement and therefore understanding.  Conversely, in ‘The Autonomy of Affect’, cultural theorist Brian Massumi defines affect as a level of intensity. He describes intensity as a point of possibility, a disembodied state “autonomous to the degree to which it escapes confinement in the particular body” (Massumi 1995).  Sociologist Nigel Thrift seems to expand upon Massumi’s ideas from the perspective of ubiquitous information technology in his discussion of the concept of qualcalculation.  Using the term ‘intuition’ rather than ‘affect’, Thrift describes contemporary society as an ordered universe of calculation “in which potentially every thing and every location . . . could become the subject of calculation” (Thrift 2004, p. 590). Like Massumi’s description of the ‘point of possibility’, Thrift defined the intuitive universe as a point of calculation.  Thrift describes this universe as a qualcalulative space that shifts what is understood to be ‘human’ and what is understood as an ‘environment’ based on the actual feelings experienced while interacting with an artificial environment (for example, a GIS database).  However, Thrift combined both intensity and mood in his extensive functional definition of qualcalculation, because for him a ‘qualcalculative sense’ is analogous to mood and this sense informs decision making. Thrift calls this level of intuition ‘rapid reasoning’. In another article he addresses affect in the data space by referring to the experience as housed in ‘suggestible environments’, wherein subjects are able to “catch and amplify mood . . . allowing (them) to bathe in an affective ether of signs and thus produce an intensified everyday [experience]” (Thrift 2009). Thus in this way physical reality can be augmented by a representation of a data space that can intensify the experience of space and therefore increase its affect on the subject.  Such suggestible environments can use media to trigger an emotional response.  For example, real space can be augmented with advertising, where images or video can evoke the hopes and desires of consumers. 

A major part of Thrift’s definition of the qualcalculative sense describes the degree of memory afforded by the data space itself.  Thrift further explored this idea by defining how the representation and experience of memory in data space can increase affect.  This aspect of the qualcalculative sense has analogies in Clore and Tamir’s descriptions of the affective experience of physical space.  For example, in Clore and Tamir’s analysis of affective judgement, emotions are described as equivalent to memory. In other words, the evaluation of a situation as a positive or negative experience is tied to the emotional intensity of similar situations in the past.  Taking this idea into the future, Thrift says that the stability of symbolic memory afforded by computational media has caused a radical change in the consciousness of the general public.  He further suggests that the existence of a persistent recording of life promotes a “mania for remembering forwards’, even to the point of placing the subject in the position of a clairvoyant (Thrift 2004, p. 592).  This dreaming state of the qualcalculative sense as defined by Thrift can perhaps become clearer in the context of environmental modelling.  For example, a vast amount of energy and resources in atmospheric science are currently given to the creation and maintenance of computer-based models. These models are primarily used to understand complex environmental interactions, to re-create situations of the past, and most importantly to help us to ‘remember forward’ by creating predictions of the future that are as accurate as possible.  In fact, one of the main drivers of the increase in computer processing power over the past thirty years has been to allow scientists to build more accurate weather and climate models for military operations. 

Thrift speculated that constant access to ambient information could make interaction with environmental modelling systems like those of weather and climate much more intuitive.  Rather than accessing an entire dataset or global model, most users access only local data in response to particular parameters.  In other words, similar to real-world experience, calculations are accessed from a specific location, point of view, and context (Thrift 2004, p. 593).  According to Thrift the predictive sense afforded by a data space is already a ‘remembering forward’, and applications of prediction are not unique to the computerized study of weather and climate. Before data space, humans have been looking at, listening to, feeling, and smelling the environment with the goal of prediction since the beginning of history.  

As will be shown in the upcoming chapter, Ground Truth, memory and affect can also play a key role in the prediction of weather conditions, and experienced weather observers in the field can often provide the most accurate predictions.  In a majority of cases examined by the author, these weather observers often make risk assessment predictions. If, as Clore and Tamir have attempted to show, memory and emotion are symbiotic, and as they have further suggested, emotion plays a major role in risk assessment, then perhaps emotion and weather prediction can be correlated. Qualities of air, wind, light, and humidity can obviously have emotional effects on people immersed in atmospheric events.  The Santa Ana (USA) and Foehn (Switzerland) winds, for example, have been known to increase the intensity of anxieties and depressions to the point where significant increases in police reports and emergency room visits have been reported (Giannini, Castellani & Dvoredsky 1983). Other studies have shown that people living in different climates have reported different frequencies of high, low, or uneven moods, with a higher frequency of positive moods corresponding to sunny climates and more pessimistic moods often occurring in dark or damp climes.  Although this research simplifies the complexity of human emotion, significant design practice has been influenced by these studies, with some gardens and architectural spaces designed specifically to amplify mood (Thrift 2009).  Could sound based on environmental data play a role in affecting the emotions of those experiencing the atmosphere of an environment?  Thrift examined ways in which qualcalculation can be made known in the sensorium, or in other words how data space can be embodied (Thrift 2004, pp. 596-597).  One way this qualcalculative background might be felt is through the ambient soundscape.  

While affect has been described as both mood and intensity, the operational function of each appears to be similar.  Clore and Tamir explored ways in which affect (mood) can influence decision making, and despite the duality of positive versus negative moods that overlooks the complexity of human emotions, their research indicates the possibility that affect can impact understanding.  Massumi and Thrift acknowledged the complexity of the human emotional spectrum and defined affect in terms of intensity.  Both authors examined affect in relation to data spaces and speculated that immersion in data space could create a feeling of disembodiment.  However, Thrift’s analysis was grounded in physical space, and he preferred to discuss the impact of intensity in the experience of data space in conjunction with physical space.  He described a sixth sense, the ‘qualcalculative sense’, that is the affective and intuitive dimension afforded to a subject by interaction with data space. Although he regarded memory in data space as an important influence on affect, Thrift identified the phenomenon of clairvoyance or prediction within data space, what he called ‘remembering forwards’.  An example of this phenomenon might be interaction with a predictive weather of climate model.  However, the prediction of future weather through embodied affective experience existed long before the creation of atmospheric computer models.  Therefore, weather prediction provides an example of how interaction with the data space and interaction with physical space can provoke a similar intuitive response.  However, unlike physical space, data space provides opportunities to reveal the imperceptible, allowing the possibility for an affective experience to undergo expansion into the unknown. The author, alongside other contemporary artists, has used ambient audifications, electro-acoustic composition, and sonifications of environmental data to affect listeners’ moods and to convey imperceptible information about various aspects of space and place. What design and compositional elements impact the listener’s experience of these sounding spaces?

Ambient Sound and Mood

The emotional quality of music has been heavily researched, from studies that ask subjects to identify the emotions they experienced while listening to various kinds of music to measuring real-time physiological responses like heart and breathing rate, blood flow, and skin conductance (Savan 1999).  Changes in tempo, consonance as well as dissonance, and pitch and dynamics have been identified as the primary indicators of emotional meaning in music, and studies have found that behaviour is affected by changes in these parameters (Deutsch 1999; Juslin & Sloboda 2001; McElrea & Standing 1992).  The sound of the spoken word also contains emotional information that can strongly affect listeners (Liscombe, Venditti & Hirschberg 2003; Burkhardt & Sendlmeier 2000).  However, the emotional analysis of the ambient soundscape is sadly lacking even though acoustic ecologists like Bernard Krause have found parallels between human-composed music and the sounds of the natural world, including whale and bird songs (Krause 1998).  Despite this lack of research, artists who use ambient audification and sonification often describe their work as bringing an emotional quality to the information.  

For example, the self-identified ‘vibration artist’ Mark Bain has created sonic works in relation to location through architectural space. He claims that he is “interested in sound as material and the certain tactility of it, the rawness . . . [because] it is heavy, distinct, infested, and most importantly, alive!” (Altstatt 2003). Bain amplified and audified the inner workings of large architectural structures, translating this vibrational information into the audible range for listeners. As he described: “The action of bringing something that is unheard and unfelt to the realm of the ‘hearable’ and the ‘feelable’ as what is interesting.  I try to reveal these hidden agents, unearthing the spectra for human reception” (Altstatt 2003).  Thus his use of the qualities of pitch and loudness provoked physiological reactions in listeners and sometimes even shook the buildings themselves. For example, regarding an exhibition in The Hague in The Netherlands, he stated: “I would ramp up the system till you could feel the crack both in your gut and in the structure.  It’s not so comfortable for the body but nice to test the potentials” (Altstatt 2003). In the past, Bain studied and employed sound vibrations called infrasonics that can affect very specific parts of the body, from resonating the entire body to pinpointing the inner ear in order to create a sense of vertigo in the listener or to cause sensations of nausea or anxiety (Sawyer 2005). 
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StartEndTime, a seventy-four-minute audio work broadcast on London’s art radio station Resonance 104.4 FM, was one of Bain’s most emotionally charged works.  This experimental sound composition directly translated seismic earth vibration records from Columbia University, the nearest monitoring station to the World Trade Center on September 11, 2001, into sound (Oliver 2004).  Bain audified this vibrational data without speeding up or slowing down the pace, so listeners experienced the Earth’s reactions to the catastrophic events unfolding at the exact same pace they actually happened. The empty time between the cataclysmic events of the two planes hitting the buildings and their subsequent collapse seem to contain very little dramatic content, yet the gap is fraught with anticipation for each listener.  In a similar manner, musicologist Leonard Meyer describes music as “the perception of and response to attributes such as tension and repose, instability and stability, and ambiguity and clarity” (Meyer 1967, p. 43). Bain’s StartEndTime experimental sound art work functioned emotionally like a piece of music.  Meyer explained that tension experienced by the listener depends on his or her expectations and memories.  Bain’s listeners may have been affected by the fact that they were listening to a tragic historical event unfold at the exact speed at which it occurred; however, audified or sonified historical data may not have to be presented at the same speed it was recorded in order to provoke an emotional reaction.  The audification or sonification of data might provide an alternative pathway to environmental knowing at various time and spatial scales.  For example, during presentations of the author’s 16-channel sonification of meteorological models of historical storms called Atmospherics/Weather Works, a strong emotional reaction from some audience members who had experienced the storms was evident despite the fact that the audience was experiencing twenty-four hours of data compressed down into a four-minute composition (Polli 2001).  In this case, the tension was increased by actually speeding up the event. In both Bain’s StartEndTime and the author’s Atmospherics/Weather Works, a listener’s memories of past events played a role in his or her emotional response to the work and invoked a transfer of space and time. Environmental understanding was enhanced through the intensity conveyed by these sound works.

Although Bain has not always translated scientific environmental data into sound, his work has often exhibited a sensibility similar to geosonification in that he has investigated spatial texture and has been interested in revealing the imperceptible in space.  For example, Bain’s work has often communicated the qualities of materials and objects.  He is referred to as an ‘anti-architect’ for his work audifying various architectural structures.  However, in many instances the qualities of the material were imperceptible, and without the artist’s manipulation of the signal (for example, pitch-shifting seismic vibrations into the audible range) would not be possible.  Bain called his manipulation process ‘magnification’.  Using the analogy of a microscope, Bain described his aims: “If you ring a bell, you know the materiality of that bell; your action defines the certain molecular construct.  If you zoom in to a supposedly static object by a few orders of magnitude, you find at the atomic level there is certainly an active system at play, of vibrating electrons and circulating orbits” (Altstatt 2003). When Bain was at MIT he worked with a friend with access to a scanning electron microscope (SEM), one of the most powerful electron microscopes in the world, with the ability to magnify the atomic level and to allow the viewer to observe the stacked electron shells.  Viewing the world at this nano-level was revelatory for Bain and became the basis of his sonic experiments.  He made the following statement about his experience:  “What I found was this oscillatory buzzing of the shells, shifting from dark to light and resonating with a peculiar sense of energy” (Altstatt 2003).  Bain found the audification of spatial vibrations to be one of the most effective ways to communicate this oscillatory energy to his audiences.

Radical sound artist Maryanne Amacher has also worked with the interactions between sound and architecture, but while Bain used sound to vibrate and magnify architectural structures, Amacher used architectural space to create acoustic illusions.  In an interview with Eliot Handelman, Amacher described a performance she gave in Tokushima, Japan, in which she manipulated the acoustical properties in two different rooms:  “I discovered something there I’d never heard before.  In the stone curved room this whole enhancement shapes, the interaural and melodic shapes and patterns we perceive in this interaural imaging—this was completely enhanced. It was like an actual image that you could almost see and touch. I’ve never known that to happen before. The space was enhancing something in the sound that further intensified the ‘neural shaping’ that we give to these melodies, but it was like the perfect shape” (Handelman,1991). Amacher emphasized the tactile nature of sound by creating perceptible shapes in space through the exploitation of the reflection of sound waves in real architectural spaces. She chose these architectural spaces for their acoustical properties, carefully composed sound combinations, and positioned speakers facing walls or floors in order to enhance the spatial effect of what she called “structure borne sound” (Watrous 1988). Amacher invited audiences to walk around and experience the sound, which emanated from a multichannel array of speakers, and experience how their position affected the resulting sound.  By manipulating the expectations of the listener in these situations, and by emitting sudden, loud sounds from speakers as audience members came near, she created a sense of fear and anticipation (Margasek, 2009). 

Finally, Amacher worked with the physiological phenomenon of otoacoustic emission, in which the ears themselves act as sound-emitting devices by utilizing loud, high pitches to vibrate the bones of the inner ear and cause the stimulation of clear tones actually generated by the listener’s ears. As she explained: “We hear tones other than the given acoustic tones taking their shape inside our ears, as the membrane vibrates in response to the given acoustic tones. In music as we know it, such tone responses have been repressed. . . . We’re not aware that they exist, or that we’re actually creating them as listeners. The experience of our own processing isn’t available to us. I want to release this music, bring it out of subliminal existence” (Handelman 1991).  Amacher used otoacoustic emission as an alternative pathway to enhance the listener’s understanding of his or her own body.  A sense of geography can also be derived from Amacher’s statement.  Although GIS or environmental data was not employed, she described her work as ‘perceptual geography’ and her process as ‘mapping’ (Handelman 1991).  Simply, her desire was to locate sounds in space and create a sense of presence.  As such, her work represented a radical arm of ambient soundscape composition in which electronically generated sound is used to highlight natural phenomenon as it occurs.  

Her work also shared qualities with soundscape composers.  Amacher was fascinated by virtual reality and cross-modal perception and wanted to fully immerse her audiences in her sound compositions.  Furthermore, the way she described the aim of her immersive sound experience is similar to an extreme weather event, analogous to standing in a field during a storm: “Will certain sounds be locatable, seem miles away, feel close, pulsate vertically above our head, vibrate an elbow, suddenly appear in the space, dramatically disappear as though without a sound? Do we perceive the sound in the room, in our head, a great distance away: do we experience all three dimensions clearly at the same time? In the room, does the sound drift, float, fall like rain? Does it make such a clear shape in the air we seem to ‘see it’ in front of our eyes?” (Amacher 1999).  Through the use of ambient sound composition, Amacher was attempting to communicate spatial and environmental knowledge to her audiences.

The author’s 16-channel geosonification past experiment Atmospherics/Weather Works was an attempt to merge some of these same perceptual properties of sound addressed by Bain and Amacher with the sonification of scientific data, specifically data from highly detailed weather models of two historic storms (Polli 2001).  While Bain used the model of the electron microscope and Amacher the phenomenon of otoacoustics, the author explored an architectural acoustic phenomenon for the design of one aspect of the overall data-mapping scheme, that of wind harmonics.  When air is travelling through a building or courtyard of a specific shape, it can, depending on the speed of the air, be filtered to resonate a clear tone.  In turn these wind harmonics inspired a mapping scheme in which some of the model data were used to control the parameters of acoustic filters, and these were used to filter the original sound sources that contained a wide frequency spectrum. For example, the sound of white or pink noise, radio static, or running water could be filtered into a single pure tone.  The resultant sound became a clear tone that emerged from a noisy background, as if a solid shape had emerged out of murky water.  Memories were invoked by the choice of a set of historic storms, and in one case, an audience member started to cry while listening to the work because it brought back a flood of memories about her own near-death experience during the storm  (Polli 2001). In addition, like Bain the author utilized infrasonic sound by mapping the atmospheric pressure measurements during the storm into near subaural frequencies that are felt by the body rather than heard. 

In another of the author’s prior experiments, produced in collaboration with UK-based artist and programmer Joe Gilmore and called N., modelled weather data from the North Pole were sonified into a four-channel real-time ambient soundscape.  The data was modelled in the form of a sounding, as if it were data received from a weather balloon as it travelled vertically from sea level to the top of the atmosphere.  Weather balloon data is commonly used by atmospheric scientists to gain information about the changing layers of air in the troposphere, and the author’s subtractive filtering technique, again inspired by wind harmonics, was combined with an additive technique (designed by Gilmore) in which simple sound waves were made more complex based on the actual data.  Also as in the author’s previous work, wind speed and direction were mapped onto the loudness of specific speakers in order to create the sensation of wind spiralling upwards.  In N., a system was created in order to capture model data in real time as it was being generated, and therefore audiences were able to hear the weather conditions at the pole at nearly that exact moment.  This was similar to a ‘remote viewing exercise’ in that listeners were experiencing a remote location in real time through the sonification.  The technical and the conceptual influences of this work has continued to have a strong influence on the research of the author, as the real-time geosonification process allows for the creation of changing ambient soundscapes based on actual atmospheric conditions. Another important area of investigation has been the emotional response of the audience and how this response could be directed towards greater environmental understanding.
Thus, as evidenced by their descriptions, the works of Mark Bain, Maryanne Amacher, and the author discussed in this section have attempted to provoke an emotional reaction in the listener.  Firstly, they attempted to create emotions of fear and anticipation by building tension.  In the case of StartEndTime and Atmospherics/Weather Works, this tension was built on the listener’s knowledge of past events (9/11, historical hurricanes).  While in Amacher’s work the unexpected, loud sounds were used to unsettle the audience as they walked around spaces full of speakers.  Secondly, specific frequencies and amplitudes were chosen because of their physiological effects on listeners.  For example, Bain and the author primarily used infrasonic frequencies, while Amacher added otoacoustic frequencies. All these works were designed to emphasize the tactility of sound by using sound to vibrate structures, including buildings, bridges, and even the listener’s eardrums.  Unlike Bain and Amacher, the author created these effects using the geosonification of modelled atmospheric data, therefore attempting to engage the qualcalculative sense (Thrift 2009).  These works represent ways in which experimental sound composition inspired by the soundscape attempt to engage the listener’s affect and therefore increase awareness of spatial and environmental phenomena.  Another area lacking in analysis is the affective potential of the geosonification of ambient information.  What could be the affect of visualizing and sonifying air quality information on a range of expert and nonexpert listeners?  

Airlight

In order to shed light on this question, as a part of her doctoral work the author has conducted a case study.  This practical study, the Airlight series of ambient ecomedia artworks, began with a month-long residency at the Taipei Artist Village during which the author created Airlight Taipei (2006).  Versions of Airlight have since been created for Irvine, California, as Airlight SoCal (2007) and for Boulder, Colorado, as Airlight Boulder/SoCal/Taipei (2007). The most recent version of the Airlight series to date was Airlight NYC, exhibited at Cooper Union in New York City (2009).  

Goals

The goals of the Airlight project were to collaborate with local air quality agencies to make real-time monitoring information more accessible to the public and to work with local air quality scientists to develop ways to effectively communicate this monitoring information to the public by employing the following aims:

1] To present a real-time ambient sonification and visualization expressing local air quality information to the public

2] To design a sonification of real-time data in the form of an ambient soundscape so listeners are able to ‘feel’ a different rhythmic pattern on various days, representing the daily variation

3] To make an analogy between air and noise pollution

4] To give a kind of ‘life’ to the air quality data being collected, creating the illusion of breathing through an alarming ‘screaming’ sound and image blur that increases in intensity as the levels of pollutants increase

Case Studies
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Promotional image AIRLIGHT TAIPEI, Andrea Polli, Taipei (2006)

Taipei

The author’s four-year research study was undertaken in Taiwan and three locations in the United States: Southern California, Colorado, and New York. The study began during a typical summer in Taipei: the unbearably hot and humid air forced residents to stay in air-conditioned buildings during most of the daytime.  At the time, this crowded city was home to over 6 million people, and although public transportation was excellent, several elevated highways seemed to cut through the city like contrails cutting through dense air. Taipei’s geography also worked against its air quality. Geographically, Taipei is located at the base of a bowl shape, surrounded on all sides by small mountains with only one narrow outlet for the stagnant air that often stays trapped for days.  Additionally, Taipei is located downwind of southern China, where the energy demands of recent modernization have promoted the development of an increased number of coal-burning power plants.  Thus, the wind flowing from west to east puts a large amount of the pollution from China’s coal industry into the Taipei air.  All these elements combine to create very poor air quality for Taipei’s residents. The effects of poor air quality are visible in the faces of Tai[pei’s citizens, or rather, visible over the faces of citizens, as dust masks have become a fashion item, colour coordinated with clothing and motorbike helmets.  The presence of poor air quality and the public awareness of this problem made Taipei an appropriate location choice for a practical exploration of the impact of the real-time geosonification of air pollution.
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Southern California

Similarly, Los Angeles’s smog levels have been notorious from the very early twentieth century, and over the years the dramatically poor air quality in Southern California has inspired many local and national air quality regulations.  This noxious brew is caused by a combination of geography, lack of wind, industry, vehicle exhaust, and high levels of solar radiation, which increase photochemical reactions in the atmosphere that in turn increase some forms of pollution like low-level ozone (California Environmental Protection Agency, 2010).  Although ozone levels have been consistently improving in Los Angeles over the past ten  years, in 2009 the city was again host to the highest levels in the country, and an estimated 6,500 people in the city die prematurely each year as a result of this pollution (American Lung Association 2009).
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Boulder, Colorado

Although the air quality in Boulder, Colorado, is not as dangerous as that in Taipei or Los Angeles overall, since it is less than thirty miles from Denver, the city has also been victimized by the previously mentioned brown cloud that threatened both the physical and economic health of the area.  Like Los Angeles and Taipei, part of the problem in Denver and Boulder is geography.  Since it is surrounded by mountains, Denver’s stagnant air becomes trapped in the bottom of the bowl shape.  Located at a slightly higher elevation than Denver and with a much smaller population, Boulder experiences less air pollution.
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New York City

New York City’s air pollution is not as severe as Los Angeles’s,  however, the city still rates as one of the worst for air quality in the USA  (American Lung Association 2009). Manhattan has the worst street-level concentrations of particulate pollution in the city, with the wealthy Upper East Side neighbourhood faring the worst of the borough. Overall, vehicular emissions contribute more than 91 percent of the total cancer risk from hazardous air pollutants in the city, and living within 500 feet of major roads can dramatically increase the health risks of air pollution.  In New York City, over a million people live within that distance (NYC Health, 2009). 

In each of these situations, the author worked with local scientists and air quality agencies to create a real-time, ambient geosonification and visualization of air quality monitoring data, including particulate matter PM 2.5 and PM 10, sulphur dioxide, nitrogen dioxide, and ozone.

Methodology

While in residence in the Taipei Artist Village, the author contacted and collaborated with Chung-Ming Liu, the director of the Global Change Research Center and professor in the Department of Atmospheric Sciences at National Taiwan University.  Liu gathered and formatted real-time Taipei air quality data for approximately twenty sites throughout the city and made this raw data accessible online for the project.  Liu’s work allowed the author to write a computer program to automatically download these hourly measurements of particulates, ozone, and other pollutants in the atmosphere and translate this information in real time into a changing rhythmic visual and soundscape, translating the ‘noise’ of the pollutants into a kind of rhythmic ‘noise’. Although data for all the sites was available, the measuring station closest to the Taipei Artist Village gallery where the work would be presented was chosen.  This site happened to be the Taipei Main Station. Since it was the standard way air quality data was collected, Liu and the author agreed to format the data as a time series, with each hourly measurement or a specific pollutant in a twenty-four-hour period placed in a row and each column containing measurements of a different pollutant.  Thus, listeners to the sonification could hear change occurring over twenty-four hours, and the author could choose various pollutants to sonify.  Therefore, at the end of one day, each data file contained a total of twenty-four rows and the number of columns corresponding to the number of pollutants measured, from one to eight depending on the equipment installed at a particular site, for example, particulate matter PM 2.5 and PM 10, sulphur dioxide, nitrogen dioxide, and ozone.  Each column of data would then be read into the sonfication system, row by row, with a new row added each hour from midnight to midnight.

In order to reinforce the pattern created by the pollution levels changing over time, an ambient visualization of the data was also integrated into the project.  The author discovered that the traffic engineering office of Taipei city offers a large number of public traffic cams online, so she wrote a computer program to automatically download traffic-cam images near the air monitoring sites in order to synchronize the sound of the air quality with the live traffic images.  In this automated system, the numerical value representing the various pollutant levels was used to break the images apart into pixels, causing traffic scenes to appear and disappear with rising and lowering pollutant levels.

The idea of ‘noise’ was central to the structure of both the sound and image in this work.  In constructing the sonification system, the author generated an initial sound source with a wide frequency spectrum, in other words, a very ‘noisy’ sound.  She then used the numerical values representing levels of pollutants to amplify and filter frequencies of this noisy sound.  She programmed the system to pick out certain frequencies to represent levels of pollutants, and therefore created the effect of high-pitched screeches, like automobile brakes, when high pollutant levels were read. The imagery was also structured around the idea of noise.  The original image was an unaltered traffic-cam image designed to pixellate based on the levels of pollutants in the air. This had the effect of a blurring and focusing of the image in a rhythmical way in sync with the sound.

With the aim of understanding a variety of different environmental and social situations and by using similar methodology, the author also created similar projects in three other locations: Southern California; Boulder, Colorado; and New York City. The first project, Airlight Socal, integrated images from live webcams from the California Department of Transportation (DOT) and daily amounts of ozone (O3) and nitrogen dioxide (NO2) for various locations in Southern California updated hourly and provided to the project by the South Coast Air Quality Management District (AQMD) with the help of monitoring technology specialist Kevin Durkee.  

For Airlight Boulder/SoCal/Taipei presented in Boulder, Colorado, three visualizations and sonifications were presented simultaneously, representing the Boulder/Denver area, Southern California, and Taipei.  Hourly air quality data for Boulder and Denver was provided by the AQI and VSI Air Quality Reporting Systems of the Colorado Department of Public Health and Environment and traffic-cam images were obtained from the Colorado Department of Transportation (DOT). 

Finally, for Airlight NYC, the author used data from the three sites operated by the EPA to measure continuous levels of PM 2.5 in Manhattan and presented the visualizations on video screens placed in relative locations on a simplified, painted map of the city. The national organization AIRNow gathered and formatted the data for the project, and real-time traffic-cam images were obtained from the NYC Department of Transportation (DOT).
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Successes/Failures

Air quality data is most often provided to the public through preformatted Web pages that include charts, graphs, and color-coded alerts rather than raw data.  This oversimplification makes it difficult for the general public to understand the complexity of the information and also presents a problem for developers wanting to design creative ways to interpret the data.  For programming the Airlight series, it was necessary to have access to the raw data, and each organization the author worked with was able to provide this raw data in a different way on an individual basis.  As aeronomist DuBois observed earlier in this chapter, there is a growing community of amateur enthusiasts who follow air quality data online, including data from monitoring stations (Polli 2009).  Unfortunately, in the United States and other countries the author has investigated including Taiwan and China, the real-time, raw data are not made available to the public online.  Instead, this real-time information is filtered into a graphic representation of the ‘threat level’ using a colour-coded system of green for low levels of air pollution and red for dangerous levels.  Although this system is simple and easy to understand, it does not interpret the subtleties of the data, something that artists and designers with access to the raw data could possibly provide.  Data interpretations that allow for complexity of developing information could add an emotional layer that could bring audiences to a more visceral understanding of air and atmosphere.  This alternative pathway to interpretation and reception could play on the affective response of audiences.

The author discovered that one reason raw data is not made public is that the scientists and engineers involved have concerns about publicizing data that has not been verified by human eyes.  Automatic sensor systems can often malfunction and provide bad data.  For example, in the case of the Taipei data, a malfunctioning monitor would output the number “99.9999”, a value that was determined to be impossible, to indicate a problem with the equipment.  Knowing this, the author was able to write her sonification and visualization program to ignore values of 99.9999.  However, other malfunctions may output values that seem correct, but are not, and therefore could foil a real-time system into presenting an inaccurate interpretation.  This concern could easily be addressed by including a simple disclaimer with a real-time presentation of the data. By the third time this project was presented, the project’s data providers had carefully considered this idea, and AIRNow provided text for a disclaimer to the author to use when publicizing Airlight New York.  Due in part to this project, the AIRNow organizers determined that presenting real-time air quality data to the public was valuable enough to take the time to create this disclaimer rather than to restrict access.

However, even if access to international raw air quality monitor data was free and available to the public online, there is no standard monitoring equipment suite in use.  Technicians in the four regions the author selected for this project all were collecting different kinds of data in various formats.  Some, like those in Taipei, had standard equipment installed at many sites in the city collecting the same series of variables, while those in Boulder had only two sites in the entire city, and each one was collecting a single different variable, with one site gathering particulate matter and another observing ozone levels.  Southern California had many more sites in operation, but each site was measuring different combinations of variables with no standardization.  This lack of standards made the comparison of ambient sonifications, which the author hoped to enable by presenting Boulder/Denver, Southern California, and Taipei simultaneously in the Boulder exhibition, impossible.  Even more problematic for the sonification system was that the local air quality monitoring agencies in Colorado and California each formatted data in a slightly different way. This meant that the sonification system had to be modified for each data format, again affecting comparison. 

Despite these barriers, it is possible to make some comparisons.  In all cases, the public reaction was that of curiosity, especially after learning that what was being presented was real-time air pollution information.  The New York City version presenting only one variable, PM 2.5, from three different locations, proved to be the easiest for audiences to understand, and more audience members viewing the New York City version spoke about their personal experiences with air pollution.  Audience members at the other presentations in Boulder, Southern California, and Taipei expressed more curiosity about the system interpreting the data than about their air quality.  However, the most meaningful comparisons have been of the systems used to provide the data and the processes needed to gain access.

As a newly developed aggregator of EPA air quality data for the entire USA, the AIRNow program created by Sonomatech has helped to solve many of the author’s problems with standards and formatting.  In the creation of Airlight NYC, the author first directly contacted local Manhattan monitoring sites for data access, but her initial request was rejected.  These local sites automatically send their data to the AIRNow system, so the author contacted the AIRNow staff directly. AIRNow already knew about the Airlight project from the Boulder and SoCal versions, and the author was granted not only data access but also standardized formatting and technical support.  However, despite the author’s constant encouragement to do so, AIRNow has not yet made their raw data feeds free and easily available to the public, it is still necessary to request special permission for specific data sets.  This is due to both the challenge of making sure the public understands that no real-time data from automatic monitors can ever be verified and the challenge of convincing scientists, technicians, and bureaucrats that public access to raw data can have value. Open availability of the raw data would encourage more amateur or ‘citizen’ scientists to become involved in evaluating the mass of air quality data.  This public participation is becoming more important for several reasons.  Firstly, the amount of air quality data being collected has seen a massive increase over the past twenty years, with increases accelerating over the past ten years with the installation of PM 2.5 monitoring (Polli 2009). Secondly, the increasing adoption of air trading systems (for example, sulphate and CO2 markets) has tied the public’s confidence in accurate monitoring to the economy. Thirdly, rapid climate change has a dramatic effect on air quality forecasts. Aeronomist Paulette Middleton and others pointed out that despite the fact that most air quality models assume no climate change, in reality a lot of places are getting warmer and their precipitation patterns are changing, and this has a direct impact on air quality because temperature and relative humidity changes can exacerbate pollution (Polli 2009).
What scientists learned

The first and closest scientist collaborator on this project, Chung-Ming Liu, was very interested in how the sonification of air quality data might express the ‘daily variation’ of air quality in the city.  By this he meant how each twenty-four-hour period might express a different kind of pattern, and how that pattern could be understood scientifically.  His interest in the daily variation directly influenced the design of the sonification system, which built upon itself with each additional hourly data value and then reset after twenty-four hours. The sonic result of the Airlight system was a simple, repeating rhythmic pattern that became more complex through the course of the day.  Unfortunately, the gallery presentation of the artwork available to the author did not provide constant exposure to the sonification for the scientists.  Therefore, although the project served as a prototype to prove it was possible to create the sonifications in real time, the presentation conditions did not allow it to be formally evaluated by the scientists.  Liu was also very interested in how the sonification could express a quality of the data not available in visual charts and graphs.  However, according to Liu, the project did prove that it was possible to express the data in a visceral way.  After experiencing the work for the first time, Liu said, “this project allows you to really feel the data, not just see it”  (Polli 2006).

What agencies learned

Through the Boulder project, the author came in contact with the AIRNow Data Management Center, which collects and distributes air quality data from over 2,000 sites in the United States.  The AIRNow staff hoped that the Airlight project could become a model for ways in which the data being collected can be made available to artists and designers developing ways in which the information can be communicated to the public more effectively.  The author communicated extensively with AIRNow staff about the kind of data formatting she needed for the project, and since that time staff members have used the Airlight project as a model for implementing raw data access to artists and developers around the world.  Presently, developers need to contact AIRNow for the specific Web site addresses to access the raw data, but as the public realizes the importance of air quality monitoring, AIRNow staff has indicated that they are creating plans for a more open platform in the future. Consequently, the Airlight project has served as a model for implementing a way for government environmental protection agencies to provide raw data access to artists and developers around the world.  Through the development of an art project creating a sonic and visual interpretation of air quality, which could also be called an alternative pathway to the common ‘threat level’ visualizations of air quality available to the public, this project has helped to change the culture of closed data access to a more open model.  Since the data is real time and raw, by definition it has not been verified by the agency and therefore disclaimers must be used by artists and developers who are using the data.  This is a simple process of protection: a disclaimer like the one implemented for the Airlight NYC project can help make it easier for agencies to get information out to the public in timely and engaging ways, helping to publicize the work of the agency and encourage more public education and involvement.  

What the author learned

Despite the noise that was built into the structure of the computer program, the author found that the resulting sonification was surprisingly pleasant to listen to due to its repetition.  The repetitive short loop, transforming slightly each hour when a new pollutant measurement was taken, created a rhythmic, ambient sound that functioned very much like background noise.  The distortion of the image created a rhythmic blurring and focusing and resulted in an effect of quivering or breathing, referring to a kind of living being. In discussing ephemeral and process-based art, Steven Connor says that “in much recent art, air has become the marker, not of the difference between art and life, but of the aspiration of art to trespass beyond its assigned precincts, to approach and merge into the condition of ‘life’” (Connor 2007).  As this was the first sonification and visualization project the author had created using repetition, the Airlight project did highlight potentials of that technique to raise public awareness of varying levels of pollution over time.  


For example, the security guard at the Airlight, NYC exhibition at Cooper Union became very disturbed, asking the author if the distorted image was what the pollution actually looked like.  The author explained that particulate pollution of 2.5 microns is generally invisible, although it sometimes can be seen as a bright fog in the distance, and that the visualization presented what it might look like if the pollution were made visible from a closer range.  The guard then recounted her experiences living with poor air quality in the Bronx, including her son’s asthma.  The guard’s memories of the problems she had encountered in the past due to poor air quality became a part of her experience of the artwork.  This demonstrates that there may be a potential benefit of audience members to experience ambient geosonification and visualization works like the Airlight project continuously over time.  

Conclusion

Sonification and visualization of real-time environmental monitoring data is an alternative pathway that may have the potential to increase environmental knowing.  Air quality monitoring offers a unique opportunity for sonification and visualization because it is generally thought to be invisible.  However, although at close range air is invisible, poor air quality can impact long-range visibility and this phenomenon can provide a metaphor for the development of visualizations and sonifications.  This can also bring emotional qualities into the interpretations of such work.  As was shown by Dr. Paulette Middleton’s discussion of the prominence of the visibility issue in public air quality decisions in Colorado, the aesthetics of distant vistas can play an important role in influencing scientific studies and political legislation.  The natural beauty of a clear landscape can have a positive impact on local economies through promoting real estate sales and tourism.  As evidenced by the author’s interview with aeronomist Middleton, tying visibility to the composition of air can critically transform aeronomic science to favour a more interdisciplinary approach.  Art can play a role in this interdisciplinarity by serving to open alternative pathways to experiencing and understanding environmental data.

Aesthetic experiences can change mood, and these emotions in turn can impact decision making.  For example, mood can change the estimation of risk, with a positive emotion influencing more risk-taking actions. However, as Middleton observed: “Scientists have been called upon as long as I can remember, historically, to bring some intelligence to decision making” (Polli,2008b), and since emotions are tied to decision making, it is important for scientists in all fields to be aware of the various ways in which moods can be changed.  Data space through monitoring and modelling plays such a critical role in the area of climate and other atmospheric sciences that an analysis of the emotional impact of data space is essential to the public communication of the science.  Nigel Thrift has extensively analyzed the emotional impact of data space, identifying the ‘qualcalculative’ sense as the affect obtained through interaction with the virtual.  This sense is tied to melding of memory and the process of ‘remembering forward’, or future visioning.  Imagining the future is a major goal of computerized atmospheric science models, and the predictive capabilities of these models has penetrated mainstream society through the ubiquity of weather and climate change information.  

While music has been shown to affect the emotional state of the listener, less research has investigated the affect of pure sound or sound art.  Artists like Mark Bain and Maryanne Amacher have used physical information such as that from architecture, seismic vibrations, or the listeners’ bodies themselves to provoke both a physical and emotional reaction.  The author used the ambient sonification and visualization of real-time air quality data in her project Airlight in an attempt to create an emotional connection between the listener and the invisible molecules in the atmosphere.  Through the use of noise and repetition, she attempted to convey the daily variation of changing air quality situations.  Through working with the EPAs of Taiwan and the United States, the author’s work can serve as a model for artists and developers interested in interpreting data to collaborate with government agencies collecting real-time data.   

The Airlight series opened a pathway for the author to collaborate with local air quality scientists and agencies to make real-time monitoring information accessible to the public.  By working with the local Taiwanese air quality scientist Chung-Ming Liu, the author was able to develop a real-time ambient sonification and visualization, viscerally expressing local air quality information to the public.  The resulting ambient soundscape allowed listeners to ‘feel’ a different rhythmic pattern on various days, representing the daily variation of pollutant levels.  This geosonification and visusalization made an analogy between air and noise pollution and gave a kind of ‘life’ to the air quality data being collected, creating the illusion of breathing through an alarming ‘screaming’ sound and image blur that increases in intensity as the levels of pollutants increase.  Since real-time air quality information is most commonly presented to the public using a simple colour-coded system, the Airlight project created an alternative pathway to experience up-to-date pollution data based on the real visibility effects of this pollution and using noise as a metaphor for increased pollution.

The Airlight project brought up a series of problems with data access and control.  Although the scientists and engineers the author interacted with wanted to provide open data access to the public, their abilities were limited by the bureaucratic structures of their agencies.  The next logical step in the author’s investigation, therefore, was to explore ways to gather data from independent environmental monitoring equipment and to find alternative pathways to share this data. By researching open data networks and undergoing the process of gathering and sharing data, the author will more fully understand the issues inherent in these systems and will have a better sense of how to build environmental knowing in communities.  The author’s Hello, Weather! project, discussed in the chapters “Ground Truth” and “Breathtaking”, provides an opportunity for analysis of the author’s experiences in the creation of an international weather station network installed at art and community centres.  

In addition, audiences experiencing the Airlight ambient sonifications found the sound to be intriguing but were unclear on the meaning of the abstract soundscape, which was reminiscent of electronic music.  Since raising awareness of climate change was of central importance to the author, her next steps to address this issue were to explore how sound can more effectively address an environmental issue.  Soon after her first experiments with Airlight, she had an opportunity to work in a unique environment, that of the Antarctic continent.  This artist’s residency provided a perfect research base and experimental testing ground to examine how a soundscape can define place and express environmental issues related to place.  In the next chapter, “Airspace”, the author will analyze aspects of this unique soundscape in relation to media as experienced by various listeners and her own attempts to engage communities and the general public with this unique environment. 
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