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Appendixes

List of interviews conducted by the author as part of this dissertation research 

Exhibitions, presentations, awards and publications since joining the PhD program:  

April 2007 – February 2011
Historical timeline of weather and climate
Documentation list
Samples of work referred to in this dissertation:

Sonic Antarctica Audio CD

Ground Truth, Hello, Weather! and Particle Falls videos on DVD 
Premise of Research
The primary question to be explored through this doctoral thesis is:

The production of geosonification and other ecomedia can open alternative pathways to environmental knowing in a time of urgent climate crisis.

Strategies

Two strategies that inform these alternative pathways are: 

1. Using art as a catalyst to promote public, open access to environmental data

2. Analysing art and science collaborative methods in extreme field sites are.

Aims of Research
The main outcomes of this research are:

1. To develop and present informed strategies for art and environmental science collaboration through geosonification and ecomedia

2. To position geosonification and ecomedia as a viable mode of practice for revealing environmental information to the public

3. To analyse geosonification and ecomedia works for their ability to suggest alternative possibilities or critical perspectives related to the environment

4. To evaluate geosonification and ecomedia works for their contributions to changes in cultural practices in art and environmental science

5. To compare and contrast the function of various geosonification and ecomedia works as a driver or catalyst for social change

Introduction: Scaling the Temporal Terrain
Technological mediation supports and conditions the emergence of new cultural practices, not by creating a distinct sphere of practice but by opening up new forms of practice within the everyday world, reflecting and conditioning the emergence of new forms of environmental knowing. (Dourish 2006, p. 304)

Computational Representation, Climate Change and Denaturalisation

According to the Intergovernmental Panel on Climate Change, global climate change is the greatest crisis humanity has ever faced.  Warming of the climate system, including sea level rise and habitat loss, is unequivocal, is very likely due to anthropogenic greenhouse gas concentrations, and will continue for centuries even if greenhouse gas concentrations are stabilized (IPCC 2007). However, because this crisis is emerging from a complex system, the uncertainties that are inherent in the science have played a role in the public’s perception. This thesis, It’s a Question of Risk: Alternative Pathways to Environmental Knowing at the Extremes through Geosonification and other Ecomedia, examines the ways in which art might be a catalyst for increased environmental knowing.  Through extensive research including several interviews with IPCC scientists, the author has determined that although there is wide scientific agreement about the scale, impacts and causes of climate change, a widening cultural gap has become a battlefield with environmental science the target of widespread controversy.  The goal of this thesis is not to elucidate the science but to explore the gaps between scientific and public culture through computational and participatory media and therefore help to build a bridge to broaden communication. Although a wide range of ecosystems is affected by climate change, the scope of this work lies within a specific compartment of the ecosystem where uncertainties are pervasive: air, climate, weather, pollutants and other atmospheric phenomena.

In Re-Thinking Science, Helga Nowotny described the rise of scientific uncertainty in the public consciousness as creating a “risk society”, and explored how living in a perpetual state of risk has transformed societies historically (Nowotny et al. 2001).  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, the representation itself can influence this behaviour. Hess has identified technology as playing a significant role in what he calls “denaturalised” environments in which the anthropogenic impact is greater than any other. As he stated: “society creates its environment as much as it adapts to it, and that technology has changed the environment into an increasingly synthetic product of human activity. Perhaps there is no better example of ‘denaturalization’ [quotes added] than the looming uncertainty regarding the effects of human activity on the global climate”  (Hess 2007, p. 9). 

Over the last thirty years, the idea of computational representation has become increasingly significant from an environmental point of view.  Many contemporary environmentalists now look to technology as a way to build models for authentic natural experiences without the danger of human impact.  This is a radical departure from the philosophy of the traditional naturalist.  The environmentalist movement born in the late nineteenth century stressed the importance of a direct, sensual, and unmediated encounter with nature. Henry David Thoreau and the transcendentalists suggested that an indirect, mediated experience of nature robs humanity of a fundamental and universal human truth (Thoreau 1854).  However, a direct, human experience of nature, mediated or unmediated, can also transform nature. Today, humanity faces an urgent climate crisis.  What impact has the ubiquitous potential of computers and computational representation of the environment had on public and scientific understanding in light of this crisis?  What are the social and cultural effects of defining both the natural and man-made environment as a new “information space?”

The theoretical challenge of this thesis can be expressed by the following quote by Mark Weiser from his 1991 essay, “The Computer for the 21st Century”: “There is more information available at our fingertips during a walk in the woods than in any computer system” (Weiser 1991, p. 94). By comparing a walk in the woods with an information-rich computer system, he is both disparaging and elevating the social power of a computer system.  On the one hand, he is highlighting the shortcomings of computer systems.  As a screen-based, primarily visual medium, without touch, taste, or smell, the information presented through a computer system lacks the multidimensionality and perceptual embodiment of a physical space.  On the other hand, by merely showing that it is possible to make such a comparison, Weiser is elevating the computerised way of understanding as something that might approach real-world understanding through “information”. This represented a major shift in thinking as the woods are identified as an “information-rich” environment, analogous to a computer-based environment. 

Through his essay, Weiser was challenging software designers and engineers to design computer-mediated experience that is as aesthetically and emotionally powerful as a walk in the woods.  Weiser’s work in 1991 was at the forefront of the ubiquitous computing movement, when futurists merely imagined computers embedded into every aspect of society.  Ubiquitous computing is a now condition that is a part of everyday life and has changed how the world is seen. As Paul Dourish confirmed in 2004:  “the world becomes a site of computation and an object of informational representation. We start to understand and model the world in information terms” (Dourish et al. 2005, p. 32).

Terminology in the Context of this Dissertation

The premise of this dissertation contains several terms that have been very precisely defined by the author.  This section on terminology contains background to help clarify the premise of this dissertation.

The author has created the term geosonification for this thesis in order to describe location-inspired sonification.  According to the Sonification Report prepared for the National Science Foundation by members of the International Community for Auditory Display, sonification is the use of nonspeech audio to convey information. As a method for exploration of data and scientific modelling, sonification is an auditory complement to visualization. A related term that has also been used in this thesis is audification.  Audification is a subset of sonification that involves a direct signal-to-sound conversion, and has been used to compare projects made by artists and Antarctic seismologists. 

Specifically, what the author has referred to as geosonification is the sonification of geospatial scientific data using the real-world soundscape as a model.  This geospatial scientific data includes data that is previously recorded, modelled, or monitored in real time.  The geographical areas are either point based (very small) or vast, and they may be static or moving.  As a kind of media, geosonification can be produced and presented using traditional media or it can be designed as a networked, locative media practice.  The term geosonification was created not only to emphasise the origin of the data but also to reference two of the aims of this research: to build art and environmental science collaborations and to raise awareness about emerging environmental science issues.   

In this thesis, geosonification will be compared to soundscape. Composer R. Murray Schafer defined the term soundscape to refer to the “acoustic environment . . . the total field of sounds wherever we are. It is a word derived from landscape, however it is not strictly limited to the outdoors” (Schafer 1994). The author has utilized the term soundscape not only to indicate the physical vibrations of sound but also to indicate the ways in which a sound environment might be interpreted by composers and listeners. She has emphasised the phenomenon of a listener within a soundscape as “part of a dynamic system of information exchange” (Truax 2000) and playing a role in its structure. Soundscape is the acoustic manifestation of place; sounds give inhabitants a sense of place and in turn the place’s acoustic quality is shaped by the inhabitants’ activities and behaviour. Meanings of place are created through the interaction between a soundscape and listeners as a kind of improvisation.  The term soundscape composition refers to an electroacoustic recording or a performance of sounds that creates the sensation of experiencing a particular sound environment, either exclusively or in conjunction with other sounds.  Therefore, some of the case studies by the author can be defined as soundscape compositions.  However, these cases have also been defined under the broader term of ecomedia.

In 2005 media theorist Sean Cubitt used the term ecomedia to describe popular film and television works that address environmental concerns, and this term has since been used by various commercial media production houses internationally in marketing environmentally conscious video and Web sites (Cubitt 2005). While the use of existing media, including the Web, for dissemination of environmental information may be extremely important, this thesis has focused on a more narrow definition.  For the author ecomedia is media made with the emerging technologies, tools, and information structures that describe and model environmental systems. The author will propose that this is an area where a transformation is taking place and new forms are emerging.  This definition of ecomedia encompasses media projects that use environmental data, such as geography, weather conditions, and air quality, but it could also encompass information about the human ecosystem, such as census data, urban development, and even social interaction. Ecomedia can also include work using environmental data that are not tied to a static location, for example, the patterns of various global systems like weather. Because the data sets for geographic systems can be very large, ecomedia projects often involve some kind of data mapping, translation, or interpretation. These translations and interpretations can serve to open alternative pathways to understanding the encoded information.

“Alternative pathways” could be considered the most important term in this premise. As HCI expert C. Lenay wrote in 1997: “Technical artifacts should not merely be understood as means that allow human beings to achieve certain pre-set goals.  On the contrary, the process of their development and integration by individuals and societies transforms, or invents, the very goals of human activities” (Lenay et al. 1997, p. 1).  

In science, the term alternative pathway is a biochemical term that means:

1. A course followed by a process.

2. A chain of nerve fibres along which impulses normally travel.

3. A sequence of enzymatic reactions by which one material is converted to another.

From this perspective, this term implies energy flow, entropy, and connections with biological systems.  When used as a term to describe nerve impulses, it also connotes the flow of information.  When the term refers both to movement along a trajectory and a transformative process, and as a biological term, it favours rather than denies complexity.  

In this thesis, alternative pathways have been explored within a social and cultural context rather than a biological one. Artworks have been analysed as alternative media for social movement and/or activism and as social actions that can lead to the development of new social interactions and structures.  Pathways that have been explored include: technology-oriented movements, including new technologies and uses and misuses of existing technology; public participation; access and new audiences; alternative readings and viewpoints; new pathways of communication; and creative, critical, theoretical, and methodological intervention.  Through the mechanism of alternative pathways, the author has attempted to decode the complex relationships among people, nature, and technology with regards to technological art and environmental issues. How can ecomedia artworks suggest alternative possibilities or critical perspectives?  How can such artworks contribute to a change in cultural practices?  How can these artworks function as a driver or catalyst for social change?  Because environmental issues directly affect the lives of individuals and structures of societies, it is crucial that these issues be addressed in the social realm through art and culture.

The use of the term alternative pathways has also been inspired by social theorist and activist David Hess’s recent book, Alternative Pathways in Science and Industry (Hess 2007). As Hess suggests, these pathways are those provided by social environmental activism and innovation based in local and global industries.  This thesis has also addressed activism and innovation, but more precisely from the perspective of the intersection of art, science, and technology.  While Hess examined emerging social structures of environmental science in government, industry, and culture, this thesis has examined the role that creativity and aesthetics plays in the emergence of alternative pathways.  

The historical and theoretical basis for the investigation of alternative pathways of reception partially lies in the aesthetic ideas of Herbert Marcuse, who analysed the role of art in reshaping and reordering the dominant paradigm (Marcuse 1979, p. 7) and in the idea of creating new understandings through “negation”, a concept once suggested by Guy Debord and the situationists (DeBord 1967). The kinds of knowledge and understanding that can be gained through alternative pathways has been a major investigation of this thesis. 

What is meant by “environmental knowing” in the author’s premise? While there are many different kinds of knowing, both quantitative and qualitative, the final thesis has focused on qualitative, experiential, and situated knowing as the domain of the artistic process and practice.  In the following quote, environmental scientist Dr. Sharon Collinge observed that the idea of socially constructed knowledge can sometimes conflict with scientific training: “We’ve been trained as scientists to . . . not extrapolate beyond our data. . . . There are the data, and the data are the truth, and that should guide everything, right? We know the truth so let’s just act according to the truth. We know the climate is changing, what’s the problem? Why are we hesitating? Well, that’s not the only truth. There are many truths” (Polli 2008).

Inside the community, or constructivist, approach, “knowledge” has been 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. By exploring environmental philosophies and the psychology of perception, this thesis has attempted to situate a philosophically deeper, nonverbal knowing that goes beyond simply the raising of awareness. The thesis has specifically drawn upon the models of situated and embodied action outlined by Paul Dourish (Dourish 2001) in the context of the geosonification of data, and the theoretical work of Brian Massumi (Massumi 2002) and others.  Because a geosonification is a nonverbal expression, the “knowing” described in this thesis has been tacit as opposed to explicit. 

Thus, in this premise geosonification could be highlighted as an effective way to communicate climate change because understanding climate change requires the integration of information on a wide geographic and temporal scale.  In other words, the final thesis has explored how ecomedia and geosonification could help to communicate a complete picture, providing an alternative to a mechanistic, techno-scientific approach to knowledge that creates a reductionist division into discrete puzzle pieces that are individually analysed and later reconnected. 

One of the most difficult aspects of collaboration between art and science is the clarity of communication between disciplines.  The definitions of four terms in the premise of the proposed thesis: geosonification, ecomedia, alternative pathways and environmental knowing have been outlined in detail in this section because the meanings of these terms differ in various disciplines or philosophical perspectives; or, in the case of geosonification, the term itself has been created to describe a specific artistic practice undertaken by the author.  The ways in which these terms may be applied to the practice and process of art and environmental science collaboration is a part of the analysis and contextualization of artworks in this thesis. This thesis has addressed weather and climate science and culture in relation to climate change; therefore, it has also been essential that the global climate crisis and its social and cultural impacts be at the forefront.  

Methods and Methodologies:

The analysis in this dissertation has included three qualitative methods:

1. Analyzing relevant literature across the disciplines of art, technology, cultural theory, and environmental science.

2. Interviewing environmental scientists and researchers, artists, technologists, and the general public. 

3. Developing geosonification and ecomedia art projects that serve as demonstrable products of the research and generate primary research data that are analyzed through interviews and observation. 

Analysing Relevant Literature

The author has examined the intersection of information technology art and environmental science across the relevant disciplines.  In addition to a substantial survey of the history of climate, weather, and art (see timeline in appendix), the author has examined literature pertaining to the history of climate modelling, weather and climate monitoring, biometeorology, bioclimatology, and the social aspects of climate change.  Since many of her interview subjects (see interview list in appendix and references) have published articles on their research, and the author reviewed much of this literature pre- and post-interview in order to contextualize the interview responses.  Information technology literature pertaining to embodiment and affect comprise a major portion of the theory of technology literature, and a large number of artworks have been examined through catalogue essays, documentation, and direct communications with the artists, including interviews.  In addition, in order to address the idea of “alternative pathways”, theories of social activism, art, and science have been reviewed at length.  Although art and climate is a fast-developing area of investigation with many new artworks being created, the author found limited literature pertaining specifically to the intersection of the four areas of social activism, information technology, art, and climate science.  In fact, the sparse existing analysis of this developing practice speaks to the need for this research by the author.

Interviewing

The author conducted twenty-seven in-depth interviews with scientists, artists, research assistants, graduate students, and support staff.   Eleven of these interviews were conducted in Antarctica, four were conducted in the Arctic, and the remaining twelve were conducted in various locations internationally. These in-depth histories of scientists, artists, and researchers and short interviews with audience members of artworks have been conducted and analysed. The in-depth interviews have run between thirty minutes to one hour, recorded on either audio MP3 or videotape.  The question format was used only loosely.  Since the focus was to learn about important aspects of the research and to find directions for future discourse, the author found a flexible, conversational style to be the most effective toward this aim.  In order to ensure the most accurate information, each in-depth interview was transcribed, and interview subjects were invited to listen to and read the transcripts and add changes or suggest extra additions. 

In asking scientists and researchers about their work and histories, the author focussed on a few major areas of interest depending on the interview subject’s field of research. Therefore, the interviews can be divided into four areas:

1. Climate modelling: Several of the interview subjects had been involved in some aspects of computer climate modelling work, and interviews with these subjects focused on an in-depth discussion of how climate models are created, used, and evaluated.  Because climate change has become a mainstream topic, and the development of climate models is evolving so quickly (involving complex methods and tools), this area became a central subject of debate among the scientific community.

2. Climate and weather monitoring and observation: A large number of the interview subjects, including those involved with modelling, were engaged in some kind of climate and weather data collection (from analysis of remote sensing from satellites to weather balloon launching to physical observations).  In one case, a paleoclimatologist spoke about the analysis of geological evidence of past climate.  A major area of research developed from these interviews called “ground truth”.  This term, used by several interview subjects, is employed to indicate data gathered by a human as opposed to a machine.  The author was surprised to learn that a majority of weather monitoring conducted in Antarctica by the United States is not made by monitoring devices, but by human observations.  These weather observers, who are often trained in meteorology, have become a subset of interview subjects.  In particular, interviews with subjects who had experience in weather observation focussed on teasing out the reason for human observations, especially in the harsh living environment of Antarctica.  The very question of human presence in such a fragile environment became the basis for the author’s video essay, Ground Truth.

3. Sound experiences: A small number of interview subjects had had unique sound interests, including hands-on experiences with the audification of scientific data, and this became a topic of further discussion.

4. Creation of media and technology artworks: Three of the in-depth interviews were conducted with artists or artists’ teams who discussed their processes and the results of their aesthetic investigations. 

In addition to this directed area of questioning, all interview subjects were asked the following questions: What aspects of your research are most difficult for the general public to understand? What is the role of scientists in the greater community?

Short, informal interviews with audiences of and participants in the author’s artworks have also been made for this thesis. Various international locations internationally and a wide range of participants have been included.  Throughout this process, the responses from audience members have not only influenced new projects but also the presentations of existing projects. 
Art Projects

Since entering the Z-Node program in April 2007, theoretical and practical research has led the author to focus on location-based sonification and ecomedia works related to climate and weather. This practice of geosonification in the author’s own creative work has evolved into a unique methodology and strategy for further research.  The art projects have provided the central role (or practice base) for the theoretical research. Manifestations of these projects have consisted of: media installations, live performances, video screenings, public workshops, printed material, published papers, curated exhibitions, web sites including rich media content on sharing sites, the creation of new interactive media tools, audio CDs and radio broadcasts. In addition to being an artefact or demonstrable product of the research, these exploratory art projects produced for and analysed in this dissertation serve to generate a set of primary research data by:

1. Developing and generating new methods for analysis

2. Creating a novel approach to the use of numerical and quantitative data (sonifications and interviews for example)

3. Raising new questions for future researchers

These important functions have directed the author’s research process. As these projects connect art and science primarily through a computational approach, computing is the shared practice that connects scientific understanding and content-based creation.  Each project strives to explore and generate a different kind of environmental data and to shift the structure of collaboration. 

The projects not only provide live situations for developing appropriate research methodologies for others, but in addition interpret various kinds of data, build mechanisms for generating new data, and include interviews and documentation.  The projects themselves also serve as documentation for further analysis.  Findings from each project can enable identification of further relevant issues and research questions. 

Specifically, these projects have been designed to:

1. Link sonic energy with the subjective experience of weather, climate, and environment

2. Find metaphors that connect environmental science concepts with real-world experience (particularly soundscape experience)

3. Link the geosonification of an environment with the science (deep structure) of that same environment

In this thesis, the art projects serve as proof that the tools and ideas of environmental science can intersect with the media arts in order to create alternative pathways towards a deeper understanding of weather and climate.  Each project has a unique physical structure, uses dissimilar primary data or technology, and has been presented in a different way and/or uses an alternate process of creation.  In order to focus on geography, projects have been created in and about distinct geographic areas, some focusing on the global and others on the local. 

Audiences and participants for these projects have included gallery, museum, and science centre attendees; people interested in weather/climate issues; weather/climate and other environmental scientists and engineers; students; policymakers; and the general public.  Differences between project structures and outcomes and various audience and participant responses has been the primary data for comparative analysis in this thesis.  Research findings have been substantiated by gathering corresponding evidence between projects, relevant literature across disciplines, and by analysing the interviews with experts and audience members.

In the Z-Node program, the author produced six major creative projects that explore various research topics.  The following chart compares the aims and structure of data, production and collaboration for these six projects.  After the chart, the aims and structure of each project is described in greater detail.  

Sampling of Projects Completed as Part of the Author’s Doctoral Research
	
	Project 1

Airlight
	Project 2

Sonic Antarctica
	Project 3

Ground Truth
	Project 4

Hello, Weather!
	Project 5

90 Degrees South


	Project 6

Particle Falls



	Research aims
	Sonifying & presenting near real-time air quality data
	Documenting & presenting Antarctic soundscape & sonifications of data
	Exploring qualitative aspects of weather and climate data gathering and analysis
	Exploring various interpretations of real time and archived weather data on site
	Mapping subjective experiences in Antarctica using community mapping tools
	Visualizing near real-time air quality data in public space

	Resulting work
	Real-time sound and visual installation 
	Sound and video performance, audio CD
	Video documentary
	Temporary public artwork
	Website (blog, flickr, youtube)

and Google Earth 
	Temporary public artwork

	Data used
	Hourly observed air quality data
	Ice + weather/climate measured data, soundscape interviews, seismology audification 
	Video interviews, soundscape recordings and sonifications
	Real time weather data from author-run stations in New York City, Los Angeles, New Delhi,  Zurich and Brighton
	Maps and gps data, audio and video interviews, photographs, 
	Real time measured particulate pollution data from author-run station in San Jose California

	Location of data


	Taipei, Southern California, Colorado, New York (narrow)
	Various sites in Antarctica

(wide)
	Three main sites in Antarctica

 (wide)
	New York, Los Angeles, New Delhi,  Zurich and Brighton (narrow )
	Various sites in Antarctica

 (wide area)
	San Jose California (narrow area)

	Scientific collaborators and participants
	Taipei EPA, US and local agencies (Colorado, New York California EPA, private data firm)
	Weather and climate scientists in Antarctica, New Zealand, Switzerland and the US
	Weather and climate scientists and science teams in Antarctica
	Academic meteorologist, students and media technologists
	Weather and climate scientists and science teams in Antarctica, New Zealand, Switzerland and the US
	US and local agencies (California EPA, private data firm)

	Analysis methods
	Video and photography, observation, collaborator & participant interviews
	Video and photographyobservation, recorded interviews
	Video and photography, observational notes, recorded interviews
	Video and photography, observational notes, recorded interviews
	Video and photography, observational notes, online feedback
	Video and photography, observation collaborator & audience interviews

	Audience and mode of presentation
	Gallery and

public art
	Audio CD,

Performancesound installation, and radio broadcast 
	Screening and

video installation
	Public art
	Online and interactive installation
	Public art

	Location of production
	Residencies in multiple locations
	Residency on location, continued work off-site
	Residency on location, continued work off-site
	Residencies in multiple locations
	Residency on location, continued work off-site
	Commission on location, continued work off-site


 Exploring Ambient Geosonification and Visualization of Air Quality Data

Three of four  versions of the Airlight series have been developed since entering the Z-Node program. The Airlight series presented a real-time sonification and visualization of air quality data in three urban centres internationally.  Each version of Airlight automatically downloaded and translated daily amounts of O3 (ozone), NO2 (nitrogen dioxide), CO (carbon monoxide), PM (particulate matter), and/or other pollutants in the atmosphere as data and transformed them into a changing, rhythmic soundscape and visualization.  Live, local traffic webcam images were presented in real time and were visibly transformed based on pollutant levels. 

Image 

AIRLIGHT installation at the University of Colorado, Boulder, Andrea Polli (2007)

Image 

AIRLIGHT NYC installation, Cooper Union, Andrea Polli (2010)

Combining Recordings of the Antarctic Soundscape with Interview Excerpts and Geosonifications of Antarctic Weather and Climate Data

The Sonic Antarctica project consisted of a radio broadcast, live performance, soundscape, and multichannel visual installation featuring recordings of the Antarctic soundscape.  Early Sonic Antarctica performances also featured natural and industrial field recordings, scientific sonifications, audifications, and soundscape compositions by members of the Antarctic community.  This included the author, other artists, scientists, and support staff.  The author developed her own recordings and geosonifications into a full-length audio CD that was published on the Gruenrekorder record label to gather feedback and raise awareness on a more public level.

Image

SONIC ANTARCTICA video installation Colgate University, New York, Andrea Polli (2008)

Investigating Qualitative Weather and Climate Data Collection in Antarctica

A video essay entitled Ground Truth presented weather and climate observation at the South Pole, McMurdo Station, and field sites in the Dry Valleys of Antarctica. The author asked weather experts why they go to remote, uncomfortable, and often-hazardous locations, conducting what is known as “ground truthing”. Ground Truth presented interpretations of weather data, interviews, and documentation of observers and scientists as they discussed, maintained, and gathered this data from remote sites. In interviews with scientists about this subject, many of the scientists spoke about the importance of nonquantitative knowledge and the visceral experience of a specific site.  For example, in the recording of an interview with Dr. Andrew Fountain, the head of the Dry Valleys Long Term Ecological Research Group, Fountain said: “Just because you have the data doesn’t mean you understand the system.  It’s important to come down and view the landscape and in our case view the glaciers, and see how the glaciers are reacting to these changing environments. And that feeds into our understanding and our nonquantitative knowledge” (Fountain 2008).
Image

Cover of GROUND TRUTH video essay, Andrea Polli (2008)

Creating an Online Interactive Map of Antarctic Rich Media

90 Degrees South was an online interactive mapping project using rich media in Google Earth, YouTube, and Flickr to present interviews, sound, video, and other media related to Antarctic weather and climate.  This content and analysis was compiled by the author using material from her residency in Antarctica. The project aimed to communicate both the aesthetic beauty and the scientific importance of Antarctica to the global environment in a novel way (see www.90degreessouth.org).

Creating an International Public Weather and Climate Data Collection Network

Hello, Weather! is a network of temporary and permanent public installations of modified weather stations and a series of public workshops and lectures related to micrometeorology and local and global weather and climate.  The first aim of this project was to develop informed strategies for art and environmental science collaboration through art practice around the process of weather monitoring.  The second aim of this project was to create a catalyst to educate the public about the science of weather and climate.  Hello, Weather! stations are currently in operation in New York City, Los Angeles, Zurich, New Delhi, and Brighton.

Image

Weather Station installation at the University of Colorado, Boulder, Andrea Polli (2008)

Building Public Participation in Air Quality Monitoring and Illustrating the Particulate Pollution through Public Art

Particle Falls was a temporary, large-scale public art project that visualized real time particulate pollution as a projected waterfall on the side of the AT&T building in San Jose, California.  The project was part of the San Fernando Corridor public art project sponsored by the City of San Jose.  Santa Clara County, which contains San Jose, received a failing grade for air quality in the American Lung Association’s 2009 State of the Air Report and currently surpasses unhealthy short-term pollution particles a yearly average of eleven days, the twenty-fourth highest level in the United States. The number of people that airborne particulate pollution kills each year has tripled in California (American Lung Association DATE?).  Despite the invisibility of air, modern sensors can detect tiny particulate pollution levels in real time.  Particle Falls focused on the smallest particle, PM 2.5, since the global monitoring of it is one of the most recent developments in aeronomy  The project involved installing a particulate monitor and contributing the data to the AirNOW data aggregator.  Since this was the first time an independent citizen had contributed data to this national system; Particle Falls may serve as a model for future projects by the author and others.

Image
PARTICLE FALLS public artwork, San Jose, California, Andrea Polli (2010)

Additional Research

As an additional part of her research, the author curated an online exhibition for the Green Museum called AER (see http://www.greenmuseum.org/c/aer/) that included an exhibition essay titled “AER: The Vehicle of the Soul”, as well as an online survey of opinions about air quality and artworks. Air pollution is a silent killer, and artists in the exhibition were chosen because their work gave a voice to the body’s dependence on clean air. Most of the AER projects blurred the line between art and activism, and all the artists in the exhibition hoped to change public understanding of air.  By questioning accepted norms of ownership of and responsibility for the air we must breathe to live, the project aimed to raise public awareness about the connection between social and environmental issues.  The results of all this practice-based research has been analyzed and contextualized in this dissertation. 

Chapter Outline

Chapter 1] Who Owns the Air? Public Participation in Climate Issues

The accelerating crisis in climate change and the realization that humans are the primary cause of this change has raised questions about ownership and responsibility.  Who ’owns’ the climate change crisis and who is responsible for mitigating and reversing it if possible? The overwhelming response to these questions by governments on an international level has been to propose a market solution, in essence, to sell the atmosphere. 

In this chapter, the author has explored the idea of air for sale from an economic, political, and cultural perspective. It includes a history of public participation in air and climate issues and an analysis of contemporary public forums for weather and climate, including weatherunderground.com and climateprediction.net.  Contemporary art projects that attempt to address the politics of air have been discussed in the context of the author’s experiences while curating the online Aer exhibition for the Green Museum in California. 

Chapter 2] Soundscape, Sonification, and Sound Activism
In this chapter the author has attempted to unite three areas of sound research: 

1. Soundscape composition, in particular those compositions developed through the practice of soundwalking

2. Sonification and audification, or the process of translating inaudible signals into sound

3. Sound activism, specifically that designed to raise awareness of the sound environment and to change social and cultural practices

In bringing these distinct areas together, she has created a theory of environmentally aware audification and sonification practice that is grounded in the natural and man-made soundscape.  She has argued that the act of listening through public soundwalks and other formal and informal exercises can build environmental and social awareness and promote changes in social and cultural practices.  By examining the act of listening as an alternative pathway and comparing the research, writings, and creative work of leaders of the acoustic ecology movement (e.g., R. Murray Schafer and Hildegard Westerkamp), the author hoped to shed light on these potentials. For purposes of comparison, projects that explored the sonification and audification of inaudible signals have been examined, including the work of Christina Kubisch and Mark Bain.  The process of audification and sonification of these signals has been examined in comparison to soundscape experiences in order to develop a theory of data sonification based on the soundscape.

In order to build a community around the urban soundscape, in 2003 the author co-founded the ongoing New York Society of Acoustic Ecology (NYSAE).  Through this endeavour, she co-created the NYSoundmap and Sound Seeker projects, which were further developed by the author over the past four years in order to provide practical research for this chapter.  Thus by comparing and contrasting theoretical writings with practical experiences leading listening exercises, public soundwalks, soundscape-related brainstorming sessions, and presenting field recordings in various settings, new methodologies have been documented. 

Chapter 3] Witnessing Space [Focus: Taipei]

According to Nigel Thrift’s nonrepresentational theory (Thrift 2008), the most salient characteristics of embodied existence are sensation, affect, and movement. In this chapter, the author has discussed and compared nonrepresentational theory 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 provided a background to contemporary air quality science that included 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 modelled weather information (Atmospherics/Weather Works and N.) have then been compared with these opinions and immersive experiences. Airlight, a series of real-time, ambient geosonifications of air quality data from various government and private sources has been presented as a case study, and using these findings, theories of affect have been examined. The following questions have been 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? 

Chapter 4]  Airspace [Focus: McMurdo Station, Antarctica]
In this chapter, the author has examined affect and real-time data transmission by investigating the impacts of independent and mass media on science and scientists working in Antarctica.  Several art and science transmission-based projects related to Antarctica have been used as case studies. As outlined in this introduction, weather and climate research has a certain amount of unavoidable uncertainty.  Through interviews with Antarctic climate scientists (Peter Doran, Andrew Fountain, and others), this chapter has shown how this uncertainty has been used by the mass media to discredit Antarctic science. Uncertainty has also been exploited to support various political agendas.  How have scientists responded to the misuse of their data in the mass media?  What alternative pathways have been developed to respond to this problem of misrepresentation?

Like independent news agencies, transmission-based projects, including radio and Internet broadcasts, by independent artists’ and scientists’ groups can provide a direct alternative to the mass media.  Specifically in Antarctica, how have such transmission-based projects developed, and how do these works use interdisciplinarity and systems thinking to create alternative pathways in order to better understand environmental issues?  Art often presents a personal interpretation of information, and how does this personal expression intersect with the uncertainties of weather and climate science?  Does this intersection help or hinder public understanding of science? With this element of uncertainty, what are ways that robust science can be presented?  The author created Sonic Antarctica from a personal experience of being in an extreme environment.  The work combined soundscape recordings and sonifications by members of the Antarctic community with audio interview excerpts, and these combinations have been examined in the context of the other transmission science and art works in this chapter.  

Chapter 5] Ground Truth [Focus: The Antarctic Dry Valleys]

In this chapter, the author has argued that affective experience plays an important role in the gathering of rational and analytic information about weather and climate. The physiological and cognitive effects of the experience of weather and climate from biometeorology and bioclimatology activities have been compared and contrasted with the physiological and cognitive effects of experiencing sound. Information from scientists has been compared with the work of performance artists who have pushed the body to physical extremes (Sarah Jane Pell). 

In addition to the author’s own experiences in Antarctica in 2007/2008, interviews with weather and climate observers have aprovided a new approach.  For example, in interviews with members of the Long Term Ecological Research group monitoring long-term climate in the Dry Valleys, the author found evidence of the role of physical experience in information gathering.  Utilizing the results from the Ground Truth series, a video essay and temporary public artwork that has compared the collection of data through automatic weather stations with the human experience of weather, the subject of embodiment has been addressed. 
Chapter 6] Breathtaking: Measuring and Modelling Weather and Climate


[Focus: Local Communities]

How are weather and climate currently measured and modelled and how are information technologies integrated into this process? What are some of the current cultural understandings of weather and climate and how have physical and computational models affected these understandings?  Are there structural aspects of computing (especially networked computing) that inform weather and climate understandings? The author has attempted to answer these questions in this chapter through a series of cases.  Here the author has shed light on cultural aspects of weather and climate measuring and modelling, from simple instrumentation and physical models to satellite remote sensing, sophisticated computer models, and countermapping in order to provide a historical basis for further research into environmental knowing.

Research has included two major phases in the history of weather and climate monitoring and how the public has participated in that monitoring. The author will argue that the effect of technology on the study of complexity has transformed the core analysis of weather and climate, in particular in the area of uncertainty. Additionally, original research gathered from interviews with weather and climate measuring and modelling experts will be compared and contrasted. The experts include IPCC lead author Andreas Fischlin from the Eidgenössische Technische Hochschule (ETH) in Zurich; glaciologist Wolfgang Rack from Christchurch, New Zealand; and climate modeller Larry McDaniel from the National Centre for Atmospheric Research in Boulder, Colorado.  

Finally, the author will analyse the most recent results of the ongoing Hello, Weather! project, a small international network of volunteer weather stations she has installed at art and community centres in the context of creating alternative pathways to public understanding of the local and global environment.

Chapter 7] Scary Stories: Risk and Art and Science Collaborations in Extreme Environments [Focus: The Arctic and Antarctic]

Through analysis of her working experiences in art residencies at scientific field stations in the Arctic and Antarctic, in this chapter the author will explore ways in which collaborations between artists and scientists at field sites in extreme environments can create alternative pathways to foster environmental understanding.  What has been the role of environmental activism at these sites and in the resulting projects?  Using evidence from the author’s projects, interviews with scientists, and working experiences, the author will argue that ecomedia artworks resulting from field-based collaboration have the potential to create a kind of situated knowing in relation to environment, and can extend the fieldwork to allow both specialist and nonspecialist audiences to experience geographic and temporal scales that cannot be understood through the physical experience of the environment (i.e., large geographical areas and long periods of time).

This chapter will include the author’s collective analysis of travelling to the South Pole and to the Finnish Arctic where she created ecomedia artworks and conducted extensive interviews with scientists.  The author’s interactive mapping project, 90 Degrees South, created with the aim of increasing public awareness and understanding of Antarctic weather and climate science has been presented as a case study. 

Conclusion: Remembering Forward

The conclusion is a comprehensive chapter in which the author has drawn a summary related to the premise, aims, structure, and main topics of this thesis. In this chapter, the number of different strategies employed by the author are summarized in regard to why art can be a catalyst to environmental knowing.  In this conclusion, the author has synthesized evidence from the theoretical discourse, and projects in geosonification, and ecomedia and has demonstrated that these works can open alternative pathways to environmental knowing in our time of urgent climate crisis.

Why and how does this research contribute to new knowledge?

This final dissertation makes a contribution to new knowledge by having developed a synthetic conceptual framework for understanding the complex interactions between media art, technology, and environmental science.  It has developed conceptual categories to assist in the study of new media and technology artworks that addressed weather and climate, in particular those that relate to climate change. The perspective presented in this thesis is unique in that it combines ecomedia art and environmental science collaboration with soundscape and geosonification studies.  It is also unique in that it examines how this work can address emerging issues of global climate change by attempting to develop alternative pathways to environmental knowing.
The original research developed in this thesis has included:

1. Developing state of the art ecomedia artworks that explore alternative pathways to environmental knowing

2. Conducting comparative interviews with leading contemporary environmental scientists in relation to emerging issues of weather, climate, and public perception 

3. Extending the evaluation and analysis of primary sources in relation to soundscapes and geosonification
4. Extending the evaluation and analysis of artwork in its potential to shift knowledge, specifically ecomedia and geosonification artworks

5. Developing artworks using new and emerging technologies and analysing empirical tests of these works with participants

6. Expanding environmental understanding through transdisciplinary collaboration 
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