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Conclusion: Remembering Forward
In this dissertation, It’s a Question of Risk: Alternative Pathways to Environmental Knowing at the Extremes through Geosonification and other Ecomedia, the author has developed and presented informed strategies for contemporary art and environmental science collaboration through location-based ecomedia, geosonification, and soundscape artworks.  She has demonstrated that resulting art works can serve as catalysts for increasing public environmental knowledge. In order to prove that geosonification and ecomedia can be viable modes of practice, she has demonstrated the following:

1. Since geosonification and ecomedia both employ computational tools that analyse both real time and modelled environmental data similar to those tools of environmental science, she has drawn analogies between the tools of scientists and those of artists.  

2. Through the use of these tools, geosonification and ecomedia can transmit, reveal and de-mystify technical environmental data and information, making it more transparent to the general public.  

3. Through the transfer of sensory modalities, for example translating numerical data into sound using the real world soundscape as a model, she has demonstrated that geosonification and ecomedia can refer to the lived experience of the listener and can create embodiment. 

4. As an alternative to mainstream media, the work of artists can reveal the complexity of environmental information and can encourage a heightened discourse about science in the public realm, which can serve to dissolve the separation between scientists and the public.  

5. Not only can geosonification and ecomedia artworks serve as channels to provide access to formerly restricted scientific data and information, but in so doing the works can encourage increased individual and collective public empowerment related to climate change and other environmental issues.

6. By presenting works outside the mainstream media, geosonification and ecomedia can provide an alternative to a mass media industry that is perceived by the public to be tainted with the knowledge that it is for commercial profit.

7. By presenting works within the public sphere, these projects can encourage the public to personalise the problems of climate change and environmental contamination.

The main scientific area of focus of this dissertation has been atmospheric science, but references to the geographical, geological, and biological sciences have been integrated as appropriate. The intersection of atmospheric and other environmental sciences with the arts, humanities, and social sciences has been an important theme, and the bulk of the author’s research has been focused on how this intersection is related to the contemporary crisis of rapid climate change.  This dissertation has addressed the contemporary representation and construction of knowledge about weather and climate from a social, political, scientific, and theoretical perspective.  

The author has examined a series of art projects as case studies with regard to environmental knowing. Although projects addressing various geographic areas have been created and analysed (including dense urban areas like New York City and Taipei), the bulk of the case studies were created in response to the author’s seven-week residency in Antarctica and four-week residency in the Arctic, where she conducted research alongside weather and climate scientists.

The primary question explored through this doctoral thesis has been:

How can the production of geosonification and other ecomedia open alternative pathways to environmental knowing in a time of urgent climate crisis? 

However, during the process of undergoing this PhD research, several other major questions emerged.  The first was essential: 

How can art respond to the magnitude of the problem of global climate change in a meaningful way?  

To look for answers to this question, the author conducted in-depth personal interviews with leading climate experts and artists, researched historical and contemporary art science and politics, and used the results of this research to guide the development of ecomedia artworks. Sound art has formed the bulk of her research, but some of her projects have integrated sound with single and multichannel video, interactive maps, or generative data visualization. In her artworks the author not only included the spoken voices of the scientists and the sounds of their environments, but she also chose to have the scientists’ data ‘speak’ directly to audiences through geosonification.   

Since sound and digital media are ephemeral materials, the author began her historical research investigating the social and political implications of what Yves Klein called ‘immaterial materials’  (Noever 2004).  She discovered a strange paradox that linked historical ephemeral artworks that were created to exist outside of the commercial gallery system to the very system the artists intended to subvert, the market system!  The next section will outline conclusions drawn from this research related to the ‘dematerialisation of the art object’ (Lippard 1973).

Examining Air and Other Immaterial Materials

Since this thesis intended to address problems related to anthropogenic climate change, a question that needed to be explored was one of responsibility:  

Who is responsible for global warming and who has the obligation to solve the problem? 

Investigations attempting to find the answer to this question led the author to the developing CO2 markets, which essentially define clean air as the property of large polluting corporations.  During the time the author was undergoing her thesis research, Europe adopted a system of CO2 trading in an attempt to reduce emissions.  This system, now in place for over three years, has proven to be a catastrophic failure (Glover 2009). Despite this disaster, the United States government has continued to propose a CO2 trading system.  This led to another question: 

Why is the idea of buying and selling air so pervasive despite its proven shortcomings?  

In this thesis, the author posited that art might have played a role in changing public opinion about the ownership of ephemeral substances like air.  In the 1960s, artists Yves Klein, Robert Barry, Hans Haacke, and others developed works using ephemeral materials. Although they were successful in their aims to push boundaries and to expand the definition of art, and their influence in the art world resonates today, one unintended consequence may have been that their work contributed to public acceptance of the commodification of immaterial materials such as air and water. 

When Klein, Haacke, and Barry were creating their ephemeral works, water and air were known to be public resources.  However, just a few decades later, bottled water had become a popular item in stores, and trading systems in sulphur dioxide and CFCs had been implemented worldwide. The position of ephemeral artworks as private property may have unintentionally softened the public to the idea of selling bottled water and to the buying and selling of air through a market system. One of the first bottled water brands available in the United States in 1978, for example, was sold using aesthetics.  The product was highlighted by its beautiful designer bottle and exotic name.  Although an advertising technique focusing on beauty and sophistication was not new, the very idea of marketing something that was considered a public good was unknown at the time.  The public acceptance of bottled water and pollution markets has allowed the idea of ‘air for sale’ to grow both as a commercial product (O2Supli) and as a traded commodity (the CO2 market in Europe).  

Through her research the author found several contemporary artists who have developed works that not only challenged the commodification and the privatization of air and water, but who also promote other models of managing the atmosphere. As a part of her thesis research, she curated an online exhibition with the Green Museum called Aer in order to demonstrate that it is possible for artists to build alternative pathways to address air pollution that operate outside of and comment upon the market system. For example, dramatic visualizations of the problem of air pollution created by contemporary artists have offered alternative viewpoints.  Kim Abeles (Smog Collectors) and Hehe (Pollstream and Champs D’Ozone) are artists who have developed innovative ways to visualize air quality that have effectively engaged art audiences. 

The creation of trading systems for air and its component chemicals would not be possible without the technology to track buyers, sellers, and the chemistry of the atmosphere.  Contemporary artists have subverted this technology as a means of creating critical interventions related to air quality.  Sabrina Raaf (Translator II: Grower) and Sarah Jane Pell (Interdepend and Undercurrent) have designed works that highlight the human body’s dependence upon air. They seem to predict an alternative future in which air is a limited resource. To highlight the problem of automobile emissions, Eve Andree Laramee (Parks on Trucks) drove a vehicle severely limited by the constraint that it have no negative impact on air quality. Raaf, Pell, and Laramee all used technology to measure the volume and composition of air.  They also worked in collaboration with scientists and engineers to produce their works.  Part of the reason the works in the Aer exhibition were able to create alternative pathways to understanding air and atmospheres was this interdisciplinarity: the artists were able to produce works that resonated outside of the insular art world.  

Current carbon trading systems put the atmosphere under the control of a small number of large corporations rather than in the power of the individuals that need to breathe the air to survive, but through the subversive use of technology and science, some artists’ responses can provide new mechanisms for communicating climate change to the general public. Artists can play a role in developing systems that facilitate a grassroots exchange of ideas in opposition to corporate control. For example, the Supergas project by Superflex not only operated outside of the traditional art market but also provided a source of alternative energy.  Supergas turned energy consumers into producers. Ben Engebreth’s Personal Kyoto drew attention to failed governmental efforts to reduce greenhouse gases and redirected the power of reduction to individuals, Preemptive Media’s AIR project placed basic air quality monitoring tools in the hands of individuals, and Amy Balkin (Public Smog) critically questioned the carbon trading system by providing a way for individuals to collectively subvert the market and return the air to the public domain. 

Despite the fact that a large amount of art that is produced is designed as a high-end commodity, the projects in the author’s curated Aer exhibition demonstrated that it may be possible for art to make a critical intervention into this market system.  In our current global socioeconomic system, environmental disasters like climate change can affect every human being on Earth.  The market solution offered by governments may not only be ineffective, but it might make things worse. In this thesis the author has shown that it may be possible to build alternative pathways that highlight the flaws in the carbon trading system and empower individuals to preserve and protect the fragile atmosphere.  The ecomedia artworks in the Aer exhibition provide an alternative medium for promoting new ideas that can lead to the development of new social interactions and structures. Although these works addressed the issue of air, sound did not play a prominent role in any of the projects.  How can sound be used to create alternative pathways to environmental knowing?

Examining Meaning in Sound and Music

One of the author’s main projects was the geosonification of data.  While sound is an ‘immaterial material’ like air, the dominant paradigm of music demands that any nonlinguistic human-created sound be listened to in the context of music.  Based on the author’s extensive experience with nonmusical sound through acoustic ecology and soundscape studies, she asked: questioned whether a musical model should be the dominant means to communicate environmental information.  Concerned that the environmental meaning of the scientific data she was working with might be at odds with musical meaning, in particular that of Eurocentric music, she asked the question: 

How can artists present environmental data sonically while still preserving the meaning of the data?

The author examined this question through the lens of soundscape studies.  First, she built a table to compare and contrast attitudes employed by listeners of soundscapes versus Eurocentric music.  She discovered a possible analogy between soundscapes and data sonification and determined that a soundscape may communicate the immersive, continuous, and nonrepeatable nature of an environment more effectively than Eurocentric music. This analysis extended to the work of sound artists working outside the realm of Eurocentric music: Maryann Amacher, Christina Kubish, and Mark Bain.  The author discovered a focus on embodiment in several of these artists’ works, and that in many cases the embodiment had been enhanced through the use of real-time recording and playback, spatialized sound, and audification.

Her theoretical research into embodiment led her to examine the cultural geography movement, Brian Massumi’s research related to affect, and Nigel Thrift’s nonrepresentational theory. Taking key ideas from each of these primary sources, she postulated a theory of affect in data space that she then brought to her experiences with scientists in the field, specifically environmental scientists in the Arctic and Antarctic.  Before travelling to these remote locations, however, the author’s next step was to examine the nature of embodiment through her own artistic research.  She developed several systems for real-time data sonification using air quality data in a series of works called Airlight. These systems created ambient geosonifications, in other words, sonifications inspired by the man-made and natural soundscape.  Because data sonification offers an opportunity for audiences to experience scientific data in new ways, the author found it to be of interest to some scientists.  Although visualization has transformed atmospheric science, the benefits of scientific sonification have not yet become as important to atmospheric research. Perhaps in order to be effective in conveying environmental data, sonification of natural phenomena should be modelled after the soundscape rather than after music? 

The process of soundwalking and phonography can provide alternative pathways for understanding the natural and man-made environment. An important part of the author’s research practice has been leading public soundwalks, creating soundscape compositions, and designing geosonifications inspired by the natural and man-made soundscape.  Soundwalking and field recording can be activist practices that address pollution through the organization of groups of people undertaking unusual and subversive activities, through the uncovering of unheard sounds and vibrational signals such as electromagnetic radiation, and through collective documentary action, as demonstrated in the author’s Sound Seeker project.  These techniques also emphasise the subjective nature of an individual’s environmental experience.  Understanding this subjectivity may encourage audiences to perceive their position in an ecosystem not as a force of control and domination but as a part of a complex whole.  Since soundwalking by its nature is a subjective experience, soundwalking compositions often emphasise this subjectivity to listeners.  Conveying subjectivity via sonification presents a challenge, however.  Although the process of the sonification of data extracted from models or field research is highly subjective, the resulting sonfications, particularly those modelled on Eurocentric musical structures, do not imply subjective experience but rather emphasise the timeless majesty of nature.  Modelling the design of sonifications on the real world soundscape may provide opportunities for conveying subjectivity and therefore may be more effective in communicating certain aspects of complexity. Sonifications modelled on the soundscape may also convey a natural environment more effectively than those modelled on music.  Although music is present in the man-made soundscape, the nonhuman soundscape of the world is by definition constructed out of nonmusical sounds. 

Any soundscape holds a vast amount of information with which listeners engage continuously.  A more conscious engagement with the soundscape through soundwalking, field recording and phonography, and soundscape composition may have a dramatic effect on environmental awareness and may promote more direct action and interdisciplinary research.  The development of geosonification works interpreting environmental data and modelled after the natural and man-made soundscape may have the potential to open alternative pathways to environmental understanding. These geosonifications have the potential to engage listeners with information about an environment on very long time scales or very large geographical scales. Geosonification may open alternative pathways to connecting art and science and offer opportunities to enhance a listener’s knowledge of an environment.  The sustainability of recording and analysing soundscapes over time has been demonstrated by the over-thirty-year history of the World Soundscape Project and the subsequent World Forum for Acoustic Ecology.  Therefore, sonification modelled on the soundscape may also prove to be a sustainable technique.   

Although not the same as listening to music, listening to a soundscape composition or a geosonification is a kind of aesthetic experience.  The author’s need to tie this work to environmental understanding and awareness led her to explore two more questions:

What is the role of aesthetics in enhancing environmental knowing?  

and

Do visual and sonic stimuli have the power to change emotions and attitudes with respect to the environment?  

In the next section the author will present conclusions that emerged from an analysis of affect in relation to atmospheric data and sound and will posit that affect changes attitudes and emotions and can be impacted by the sonification and visualization of real-time environmental monitoring data and therefore may provide an alternative pathway with the potential to increase environmental knowing.

Examining Affective Knowing

The author chose to tackle several questions through theoretical research into affective knowing and in-depth interviews with scientists including the following:  

While a soundscape might contain meaning, how does a listener receive that meaning?  

Can listening to a geosonification influence environmental knowing, and how is this manifest? 

Emotion and mood (or affect) have been shown to impact decision-making.  For example, mood can change the estimation of risk, with a positive emotion promoting more risk taking (Clore and Tamir 2002).  This led to a third question:

Can affect play a role in improving (or degrading) the environment?  

Since public decisions have a large impact on the health of an environment, and emotions are tied to decision-making, an awareness of the various ways in which moods can be changed may be essential to improving the environment.  

Although air is invisible at close range, poor air quality can obstruct vision at a distance. An interdisciplinary group of scientists and humanists in Colorado found that the emotional disappointment from those experiencing the loss of mountain views due to poor air quality could form a pathway for engaging the public in air quality decisions.  They found that aesthetics, for example, that of a mountain vista, could play an important role in influencing political legislation. They also found that the aesthetics of air could help to critically transform aeronomic science to favour a more interdisciplinary approach.  Ecomedia art might also play a role in promoting interdisciplinarity by creating aesthetic ways to experience and understand environmental data.

Because the data space created through atmospheric monitoring and modelling plays such a critical role in prediction of climate change, an analysis of the emotional impact of data space may be essential to the public communication of that science.  Radical geographer Nigel Thrift’s work provided a theoretical foundation for the author’s analysis of the emotional impact of data space.  Thrift identifies the ‘qualcalculative’ sense as the emotional impact of interaction with the virtual world.  He has tied this sense to what he called ‘remembering forward’, a kind of prediction.  Since prediction is a primary goal of computerized atmospheric science models, and the capabilities of these models have penetrated mainstream society through the media, Thrift’s definition of the qualcalculative sense has been especially appropriate to the author’s analysis.  

The results of the author’s own work in the ambient geosonification of real-time air quality data in her project Airlight has also been analysed in terms of the emotional connection between the listener and the invisible molecules in the atmosphere.  Through the use of noise and repetition, it had been possible to convey some of the daily variations of air quality both to scientists and the general public. The ambient soundscapes generated allowed listeners to ‘feel’ a different rhythmic pattern on various days, representing the daily variation of pollutant levels  (Polli 2006b – Chung Ming Liu). This geosonification formed 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 increased in intensity as the levels of pollutants increased. Since real-time air quality information is most commonly presented to the public using a simple colour-coded visual system, the Airlight project provided an alternative pathway for audiences to experience up-to-date pollution data using noise as a metaphor for increased pollution.  However, most audience members experiencing the Airlight ambient geosonifications found the sound to be intriguing but were unclear of the meaning of the abstract soundscape.  Part of this difficulty may have been due to the necessarily short duration of the audience’s experiences in a gallery setting.  Raising awareness of climate change was of central importance to the author, therefore her next step was to create Sonic Antarctica, a combination of soundscape composition, excerpts from interviews with scientists, and geosonifications to explore how sound might more directly address the issue of climate change. 
Examining Transmission

To create a series of sound works inspired by the soundscape of Antarctica, it has been necessary for the author to experience and analyse the soundscape deeply from many perspectives.  While living at the U.S. bases in Antarctica, the author made a large number of soundscape recordings, led soundwalks with residents, and categorized the Antarctic sonic experience from the perspective of a listener.  She discovered that anthropogenic sounds dominate the soundscape, even at remote campsites, and that the majority of these anthropogenic sounds come from radio and other remote transmissions and reception.  She also found that popular understanding of the Antarctic environment has been heavily influenced by radio transmission, and that the physical properties of the Earth have played a role in the polar regions’ affinity for radio. Therefore, the author researched radio usage in the Antarctic and compared this to the use of radio in more populous areas of the Earth.

Ionospheric phenomena close to the Arctic and Antarctic makes these locations an important centrepiece of long-range radio transmission and reception. However, the function of radio is very different in those regions than in more populous areas of the Earth. The author’s residency in Antarctica allowed her to analyse the ways in which radio and other sound and data transmission plays a role in the scientific, political, and personal lives of residents and to consider ways to reframe the paradigm of broadcast radio and data transmission in the far field. Due to the extreme climate of the Antarctic and the small amount of human presence, radio is primarily a communications tool used for logistical operations combined with a small amount of communications with amateur radio operators and broadcast news for residents. This relatively blank slate can provide an opportunity for art/media projects like Radioqualia and I-TASC’s Polar Radio project to reframe the paradigm of broadcast radio in the field. 

In the author’s research, she found several climate scientists that observed the need for longer-term interdisciplinary collaboration and two Antarctic seismologists, Rick Aster and Robert Smalley, who found audification and sonification useful to their scientific research as well as beneficial to raising public awareness.  Sound transmission allows for communication and possibly collaboration across vast distances, especially near the poles. Sound offers a way for scientists to bring their messages directly to the public, through recordings and radio transmissions and through the audification and sonification of scientific data. Because of the complexity of climate science and the widespread misinformation in mainstream media, there is a need for more direct public communication between scientists and the public. Listeners may respond to sound with emotion and empathy for the scientists’ messages, which can increase understanding and influence decision-making. For these reasons, the Arctic and Antarctic can offer an opportunity for innovative uses of sound transmission that may contribute to greater public understanding of climate science.  Projects like Polar Radio and the author’s Sonic Antarctica may provide alternative pathways to help scientists forge interdisciplinary collaborations and communicate their research to the wider world. 

The Internet has also changed the paradigm of broadcast radio to a more distributed model, and media projects that use the Internet to stream sound live from melting glaciers and the Antarctic have been made in both an artistic and scientific context. Douglas Kahn has said that the annihilation of space and time is the goal of radio (Kahn 2009), but while these transmission projects transcend a seemingly insurmountable distance in near real time, in many cases their content is firmly grounded in the present time and the political and geographic dimensions of the Earth. Polar Radio focused on possibilities for international collaboration in a place where strict boundary lines are drawn, while Sonic Antarctica has drawn connections between scientific and artistic disciplines through a combination of interviews, recordings of the Antarctic soundscape, and sonifications of climate data. Two live ice listening projects also analysed in this thesis drew attention to the rapidly changing climate of the Arctic, an anthropogenic phenomenon that is an emblem of our present era. Structurally, metaphorically, and aesthetically these projects reframe transmission from a polar perspective, giving a voice to both the people living in these remote locations and the rapid melting occurring there due to anthropogenic climate change.

While radio transmission may play a role, the author found that it is not the only way in which scientists in Antarctica understand their environment. In addition to using advanced monitoring equipment, these scientists and researchers have made extensive use of embodied knowledge. In this thesis the author analysed in detail the ways in which atmospheric scientists and researchers in Antarctica gathered data and used their bodies to transform this data into environmental knowing.  

Examining Situated Knowing

While the author went to Antarctica with the intention of learning about extreme weather monitoring technology, she was surprised to learn that a large percentage of the environmental monitoring in the field is done with the human body, not with technology.  She found this widespread example of situated knowing extremely relevant to her investigation into the design of effective geosonifications, so she underwent an extensive analysis of how Antarctic weather and climate researchers gather information through their bodies, what the researchers called ‘ground truthing’. She compared the capabilities and roles of human weather observers to the functions of automated weather stations and examined the physiological and cognitive effects of extreme weather and climate.  

The author’s experience in Antarctica also provided an opportunity to test the hypotheses she had developed in relation to embodiment, technicity, and environmental knowing.  Although the scientists and researchers used advanced weather and climate monitoring equipment, the author discovered that they also made use of embodied knowledge extensively. Through travelling with weather and climate scientists in Antarctica, the author was able to observe firsthand how embodied knowledge of extreme weather is gathered and utilized in the field.  This provided a unique opportunity for the author to construct a detailed analysis of the ways in which atmospheric scientists and researchers in Antarctica gather data and use their bodies to transform this data into environmental knowing. The author expressed these concepts through media in her video essay Ground Truth.  She also investigated Antarctic climate and weather-related numerical data including static model data and real time data generated both from models and from environmental monitoring equipment.  Using this kind of scientific data for artistic purposes presented several challenges, and these challenges became the major focus of the author’s research and artistic practice.  The author also compared and contrasted the immersive experience of weather with the immersive experience of sound, specifically soundscape and geosonification. She examined the work of performance artist Sarah Jane Pell, who has pushed the body to physical extremes, and her own ecomedia artworks Ground Truth and Hello, Weather! in the context of their connection to the theories of embodiment of Paul Dourish, Nigel Thrift, and others.

The author examined the role of embodied experience in the science of weather and climate from a documentary perspective through the video essay Ground Truth and explored ways to engage the general public with weather monitoring in the context of weather stations through the ongoing public art project Hello, Weather! These two works approached the creation of alternative pathways to environmental understanding in two ways: Ground Truth brought the rarely heard voices of scientists and geosonifications of their data to the public, and Hello, Weather! allowed the public to see and experience unfamiliar scientific instrumentation and share personal stories about weather and climate.  The theme of ‘we are all weather stations’ used in two of the author’s Hello, Weather! workshops also encouraged participants to relate to weather monitoring in a personal way. Ground Truth highlighted the importance of human affect and experience in monitoring the environment and provided the general pubic with an alternative pathway to connect to previously inaccessible scientific research, since everyone has a personal experience of the weather. Hello, Weather! provided a complementary alternative pathway to understanding the functions of some of the complex machines used by the scientific community.

Addressing Misrepresentation

During the course of her research into embodied weather and climate monitoring, the author discovered that the works of several prominent climate scientists she spoke with had been misrepresented in the U.S. mainstream media, and as a result the scientists had changed their attitude about media.  Instead of shying away from the mainstream media and focusing on research as is customary behaviour for a scientist, these scientists were actively pursuing media exposure, to the point of even personally writing opinion pieces for major newspapers.  They chose this course of action because they found themselves on the front lines of climate change research due to controversies surrounding ice melt in the Arctic and Antarctic. In interviews with these scientists, the author found there is an urgent need for more direct public communication of weather and climate science. She found that sound offers a way for scientists to bring their messages directly to the public, through recordings and radio transmissions and by the audification and sonification of scientific data. 

As had been examined in the previous analysis of soundscape composition, listeners often respond to sound with emotion and empathy. This affective response could provide a fertile ground for the weather and climate scientists’ messages. The author exploited the results of this investigation in the development of her audio CD Sonic Antarctica, which combined soundscape recordings and geosonifications with the recorded voices of Antarctic scientists.  Once a pathway to greater environmental understanding through interdisciplinary research like this has been created, it needs to be extended in time. A multiyear soundscape recording and radio production series of workshops and concerts that include sonification could serve to both enhance interdisciplinary collaboration and to advance science in Antarctica.

One great challenge to effective public decision-making about climate change is that the inherently complex nature of weather and climate demands a deep understanding of the science.  This calls for media artists and technologists to develop situations, scenarios, and tools that provide public entry points to the methods of weather and climate science, including monitoring, measuring, sensing, and modelling.  The author’s experiences in Antarctica led her to pursue the installation and maintenance of her own professional weather stations and to share that data with the general public.  This use of real-time environmental monitoring data had become a primary area of her research, and this focus led her to an investigation into the past and current practice of providing public access to raw environmental monitoring data. 

Open Data Access
The author’s Airlight and Hello, Weather! projects inspired a question that unexpectedly became a primary focus of the author’s research:  

Can media artworks help to expand public access to environmental data? 

The demands of the Airlight project opened a pathway for collaboration between an artist and local air quality scientists and agencies and helped to make real-time monitoring information accessible online, if only temporarily. Her experiences creating this project may serve as a model for artists interested in collaborations with agencies that collect real-time data. Through negotiations with the Environmental Protection Agencies of Taiwan and the United States, the author was able to gain access to raw air quality data for the duration of each of her Airlight presentations. For example, Taiwanese air quality scientist Chung-Ming Liu found the challenge to help build a real-time ambient sonification and visualization system that viscerally expressed local air quality information to the public unusual and interesting enough to allow open data access for the duration of the project (Polli 2006 – Chung Ming Liu).  

However, the Airlight project brought up a series of problems with data access and control both in Taiwan and the United States.  Although the scientists and engineers the author interacted with directly all wanted to provide open data access to the public, their ability to do so was limited by the bureaucratic structures of their agencies.  The next logical step in the author’s research investigation, therefore, was to explore ways to gather her own data from independent environmental monitoring equipment and to find alternative pathways for sharing this data with the public. By researching open data networks and undergoing the actual process of gathering and sharing data, the author was able to more fully understand the issues facing these systems and how they can influence environmental knowing in communities. 

During her doctoral research, the author discovered many barriers to public data access.  Although she was able to gain access to data for the purposes of creating her projects by requesting the data directly from the scientists and science agencies, she became frustrated with this lack of public access to raw environmental monitoring data.  It had become clear in her interviews with climate scientists that not only was climate change the biggest challenge that mankind has ever faced, it was also a challenge that could not be addressed by scientists alone.  So why was essential atmospheric data being kept away from public access?  

In order to address this problem, the author researched ways in which independent citizens share environmental data and discovered that there is a network of volunteers who share data from weather stations, and this data is made accessible to the general public in several ways. These networks, including CWOP and Weather Underground, represented the most successful alternative pathway to environmental knowing the author had encountered.  

In the United States, a cooperative network of weather observers has been in place for over two hundred years, but is relatively unknown to the general public. Participation in cooperative environmental data gathering brings focus to an alternative social and economic system in which a volunteer public takes a greater responsibility for preserving the Earth and its environment.  The author found that any individual or group with minimal resources has the ability to install a station and join the cooperative network, providing an additional data point and therefore improving the predictive capabilities of the entire system.  The success of the cooperative weather observation network provides a powerful, noncommercial alternative model for public participation in data gathering and analysis. 

The author decided to install a small network of public weather stations at community and art centres around the world called Hello, Weather! and to connect these stations to several public databases. Through this process, the author attempted to bring professional atmospheric monitoring data and equipment to the public.  She has placed these stations in many public locations, with five semi-permanent sites currently in operation in New York, Los Angeles, Zurich, New Delhi, and Brighton.  In her research she has been able to analyse what makes a public station successful. She found that although the stations require minimal maintenance, sites with a stake in weather conditions such as Debs Park in Los Angeles with outdoor public trails and an on-site solar powered electrical grid, have been much more invested in managing the station and have taken personal ownership more easily.  Other sites had a great interest in operating a station but have had difficulty keeping it running, as in the case of Khoj in New Delhi, a public art space that turns off its Internet connection in the evenings to save electricity, therefore stopping the continuous data upload during those hours.  The experiments through the Hello, Weather! project served to widen the weather monitoring network and helped to demystify the process of weather and climate monitoring. 

The author also researched other ways the public could gain access to environmental data.  For example, remote satellite sensing of the Earth has provided compelling images of the fragility of our atmosphere and ecosystems. Public access to updated satellite imagery of the Earth has inspired a wave of alternative ‘countermapping’ projects that attempt to bring a humanistic perspective to overview information that presents geographic structure and movement but not motivation (Perkins & Dodge 2009).  Some artists have taken a direct role in this alternative mapping strategy but have also imagined alternative scenarios in which the control and motivation of remote Earth sensing is in the hands of private individuals and artists rather than in the hands of corporations and governments. Several scientists interviewed by the author have also strongly advocated for public access to data, information, and scientific results, some citing this access as the purpose of science itself (Polli 2007 – Fischlin, 2008 Mankoff).

The most complex aspects of climate science and the most difficult for the public to understand may be global climate models.  While physical models of fluid dynamics using water and ink-filled tanks can be aesthetically beautiful, their usefulness to science is only relative to the mathematical formulae that describe the movement. The formulae allow these models to be used to determine behaviour in a real-world context, but so far, understanding these forumlae has been generally out of reach to the untrained public.  While space exploration has brought vivid alternative climate scenarios to public consciousness, the difficulty of studying another planet in detail has limited the usefulness of other heavenly bodies as models for the Earth’s climate.  Computerized models are most commonly used in comtemporary climate science, but have been inaccessible to those lacking supercomputing power until recent projects like EdGCM and climateprediction.net.  These projects gave the public access to run their own climate models on home computers or to be engaged with other aspects of computerized models and therefore allowed individuals to gain a firsthand understanding of modelling issues like local and regional climate variability and uncertainty.  With distributed computing projects like climateprediction.net, the public actually donates their computer time and processing power to advancing the science.  

Public access to networked information technology has created opportunities for individuals working independently and collectively to participate in climate science through operating their own measuring and monitoring instruments and contributing data to cooperative networks, viewing and analysing remote sensing data, and more recently running computerized climate models and contributing those results to global analysis.  These kinds of climate science ecomedia projects may have the potential to transform the culture of science and society because they open up alternative pathways to public participation.  They serve to decentralize and democratize the process of data collection, distribution, and analysis.  Data sharing is particularly important in light of our current situation of anthropogenic global warming in which the actions of human individuals and groups is the fastest-growing impact on climate change than any other factor.  

The author’s Hello, Weather! project has served as an investigation into how local nodes of an international community weather station network might function over time.  In addition to providing valuable data for climate and weather research, experiences with each site might shed light on the challenges and opportunities provided by environmental data sharing.  It is the author’s hope that through projects like Hello, Weather! communities will become more comfortable with the tools and technologies of weather and climate monitoring and will gain a greater understanding of their role in supporting global climate models.  A more challenging goal has been to try to move the thinking of arts and community organizations from the inside to the outside, not only by connecting the organization with constituents in the community, but also by connecting the organization with the air outside their building’s walls.  Beyond this, perhaps the most challenging goal of the Hello, Weather! project has been to convince community organizations to embrace a long-term project that gains value over time.  Despite the best intentions, these organizations are often subject to radical staff changes and restructuringthat can derail a log term project.  

Connecting to monitoring tools, global networks, local conditions, and long-term records is an important part of environmental knowing.  Volunteer networks like CWOP and Weather Underground and artists’ projects like Hello, Weather! can provide alternative pathways to government or privately run data collection and analysis and through this access public participation can increase general environmental understanding.  Through these kinds of citizen (or ‘community’) science projects, the public could become more aware of the scientific process and more able to grasp difficult scientific topics like the complexity of the air and atmosphere.

During her doctoral research, the author had the unique opportunity to undertake research in artist’s residencies at science stations in both the Arctic and the Antarctic.  This allowed her to build an analysis of two kinds of art/science residency programs in extreme environments.

Analysing Art and Science in Extreme Environments

Over the past ten years there has been a dramatic increase in the number of art and science residency programs worldwide.  Many of these programs have been focused on biology and environmental science.  These art and science collaborations have the potential to expand environmental knowledge across domains and can explore complex interactions between natural and social phenomena.  Understanding the context of extreme environments undergoing rapid climate change like areas of the Arctic and the Antarctic may require extending beyond the context of the skills typically associated with science to those inscribed by the arts and humanities.  However, interdisciplinary collaborations in these settings pose challenges inherent in the differing goals and working styles of artists and scientists, specifically in relation to communicating the stories of climate change.  Scientists the author met participating in long-standing art and science collaborations like the U.S. National Science Foundation’s Antarctic Artists and Writers program expressed appreciation for the artists’ freedom to express politically controversial ideas.  Yet some scientists in less-established collaboration sites like the Kilpisjärvi Biological Station have expressed concern that artists’ preconceived notions about climate change may blind them to other, perhaps more important, issues. In extreme environments the use of resources plays a substantial role, with the artists’ use of resources at the bottom of the priority list in all of the author’s experiences.  However, since art is perceived as a way to more effectively communicate science, educational programs in art and science may offer opportunities for building these resources.  Such educational programs also serve to extend what counts as valid knowledge in scientific and public contexts.

What kind of ecomedia projects can be developed for these extreme environments?  Places like the Arctic and Antarctica hold particular significance on the globe and may be a particularly interesting area of the development of geospatial mapping art projects. For example, Christian Nold’s projects have explored the intersections of emotions and geospatial location.  Jeremy Wood’s projects have examined how one might engage with the land while maintaining an awareness of the global dimension, and Blast Theory’s works have built narratives through the intersection of individuals and a place.  These projects also explore aspects of the technology that has transformed people’s lives since the introduction of GPS and the development of mobile technologies for mapping.  These technologies are prominent in extreme environments such as the poles because of the difficulty in sustaining human life there.  Therefore, art and science collaborations using geospatial mapping in and about the Arctic and Antarctica may have the potential to expand knowledge of these environments.

While the representation of virtual map-based narratives related to the poles using public information and social networking software has the potential to build public knowledge, there are challenges that come from the nature of the media.  For example, the mapping of a flat image over a sphere using polar coordinates by the publicly available mapping system Google Earth makes it impossible to overlay an image directly on the poles, while the flat map projection afforded by Google Maps doesn’t even extend to 90 degrees south.  The vast empty spaces of Antarctica create clusters of concentrated activity that are unlike other map projections. But indicating the long distances travelled, as in the author’s 90 Degrees South Google Earth project, may add a dimension that can help to illustrate the Antarctic experience.

Finally, a unique aspect of the Arctic and Antarctic that could gain from an art/science perspective is the experience of time.  In polar environments, time is experienced in dramatically different ways from the rest of the globe.  For example, in the Antarctic, the landscape has remained relatively undisturbed for millions of years, and therefore one encounters the distant past everywhere. In addition, living in daylight or darkness over long periods may cause a physiological transformation.  Artists’ groups such as London Fieldworks have used scientific methodologies in the context of polar field sites to examine the connections among humans, technology, and geography in constant light. The author’s geosonification works of weather and climate have compressed geological time and geographical space to a human scale.

The author’s conceptual, theoretical, and practical explorations of the extreme environments of the Arctic and Antarctic and her experience and analysis of art and science residencies in these locations may help to identify the challenges and opportunities that exist at the far corners of the world for creating new knowledge about the local and global environment.

Conclusion and Questions for Further Research

Over the last thirty years, computational representation has become increasingly significant to the environment.  In this dissertation, It’s a Question of Risk: Alternative Pathways to Environmental Knowing at the Extremes through Geosonification and other Ecomedia, the author has explored how the production of geosonification and other ecomedia artworks may serve to open alternative pathways to environmental knowing in the context of the climate crisis.  In order to achieve this, she investigated intersections between art, technology, social, and environmental sciences through the lens of location-based ecomedia and geosonification artworks. The works outlined in this thesis have been examined in relation to the current climate crisis and thus address the contemporary computational representation and construction of knowledge about climate change from a social, political, scientific, and theoretical perspective.  The author has also made connections between social theories of science and political and social activism in media art and technology. 

While the author has referred to her experiences as a practicing artist in various settings around the world, the bulk of her analysis has focused on the results of artist’s residencies in science stations in the Arctic and Antarctic.  The uncertainties and risks in relation to anthropogenic climate change have been examined in relation to the risks associated with living and working in extreme environments and the risks of public action. The representation of the risks humanity faces from anthropogenic climate change presents a unique challenge because while human behaviour plays a pivotal role in the magnitude of change, a representation itself can influence this behaviour.  
Through this research, the author has achieved her aims of developing and presenting informed strategies for art and environmental science collaboration through geosonification and ecomedia and of positioning geosonification and ecomedia as a viable mode of practice.  She has produced an analysis of geosonification and ecomedia artworks that demonstrates how such works may suggest alternative possibilities or critical perspectives related to the environment, and how geosonification may be an effective way to convey the emotional meaning of an environmental issue by linking sonic energy with the subjective experience of weather, climate, and environment and therefore increase environmental knowing. While there are many different kinds of knowing, both quantitative and qualitative, this thesis has focused on how sound can increase qualitative, experiential, and situated knowing. This thesis has attempted to situate a philosophically deeper, nonverbal knowing that goes beyond the raising of awareness. Because a geosonification is a nonverbal expression, the primary kind of ‘knowing’ described in this context has been tacit as opposed to explicit.

In this thesis the author demonstrated how geosonification and ecomedia might promote social change and focused on the cultural practice of sharing environmental data, specifically real-time weather and climate data. By drawing on models of situated and embodied action, she has shown that geosonification and ecomedia artworks may be used to promote changes in public access to such data and that greater public access to raw environmental data may serve as a driver or catalyst for increased environmental knowledge. Inside this community, or constructivist, approach, ‘knowledge’ is defined as a socially constructed paradigm, and this definition in practice exists in opposition to the commodity view in which ‘knowledge’ is defined as absolute or universal truth. 

1. As a way of ‘remembering forward’ based on Thrift’s definition discussed in the chapter Witnessing Space, the author has concluded this thesis by predicting a number of general questions for future research:

2. As carbon trading markets become more mature and the idea of ‘air for sale’ becomes more widespread, how can artists, scientists, and technologists collaborate to develop alternative strategies for improving air quality?

3. What will be the long-term impact of art and science residency programs in remote science field stations, especially in the Arctic and Antarctic after the expiration of treaties protecting these areas?

4.  What strategies can be employed for collaboration between artists, scientists, and government agencies towards safely increasing public data access?  How can the public understand and use this data more effectively?

5. As environmental data monitoring and public access to this data expands, how will art, culture, and society be affected?  How will this data be integrated into individual, embodied experience?

28

