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Introduction

How are weather and climate currently measured and modeled 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? This chapter will attempt to answer these questions through a series of cases.  Here, the author wishes to shed light on cultural aspects of weather and climate measuring and modeling, from simple instrumentation and physical models to satellite remote sensing and sophisticated computer models in order to provide a historical basis for further research. 

Research will include two major phases in the history of weather and climate monitoring and how the public has participated in that monitoring. This chapter will argue that technology, in its effect on the study of complexity, has influenced a transformation of the core analysis of weather and climate, in particular in the area of uncertainty. This chapter will also compare original research gathered from interviews with weather and climate measuring and modeling experts including Dr. Andreas Fischlin, Dr. Wolfgang Rack and Larry McDaniel.  

The Public Good and The Cooperative Weather Station Network
"The Good particular Men may do separately…is small, compared with what they may do collectively, or by a joint Endeavor and Interest."  Benjamin Franklin (Franklin, Date?)

Like independent news agencies, public environmental measuring and monitoring projects can provide a direct alternative to information available through official government and mass media sources.  How have such projects developed, and how have they created alternative pathways to understanding environmental issues? Have such projects acted as a driver or catalyst for changes in cultural or social practices? This section will examine the history of volunteer weather observers in the United States as a case study of how non-specialist, independent individuals working collectively using publicly available technology can have a dramatic impact on the social production of science. 

The first systematic weather observations in the American Colonies were taken by Lutheran Minister John Campanius Holm in 1644, and by the American Revolution, serious weather observation was a widespread practice of the elite including major political figures George Washington, Thomas Jefferson, and Benjamin Franklin. The first US President, George Washington, took his last weather observation just days before he died, and between 1776 and 1816 Thomas Jefferson maintained an almost unbroken record of weather observations.  Not coincidentally (since accurate weather observations have been essential to military operations throughout history), in the same year the US Declaration of Independence was signed, Thomas Jefferson began to recruit volunteer weather observers throughout Virginia.  Volunteer weather observation proved to be popular among the new US citizenry, and by 1800, there were volunteers in six states. (ref??)

Despite the popularity of the practice among several early political leaders in the states, Ben Franklin was the first to publicly connect volunteer weather observation with the developing political and social theories of the new republic and with the growing myth of the American entrepreneurial spirit. A strong advocate of the common good, Franklin formed the first public library, fire department, and nonsectarian university in the colonies.  He called for voluntary institutions to address social problems and created such organizations to provide pensions and welfare for seamen, widows and the elderly. As an entrepreneur, Franklin ran a set up printing and newspaper franchises throughout the Colonies.  From 1732 to 1758, he published Poor Richard’s Almanack, an unprecedented success which, in addition to providing folk wisdom and poetry designed for the common people, publicized seasonal and local weather information. (Laughter, 2007)

The weather observation network Jefferson started during the American Revolution expanded and grew across the United States through the early and mid 1800’s.  Telegraph technology was largely responsible for this advancement. With the telegraph, weather observations from distant points could be rapidly collected, plotted and analyzed at one location.  In 1849, in order to establish a more extensive weather observation network, the Smithsonian Institution began working directly with the telegraph industry by supplying instruments to companies. 150 volunteer observers at the end of 1849 grew to 500 by 1860, providing daily telegraphic weather reports to the Washington Evening Star.  As the volunteer network grew, other weather observation networks were gradually absorbed, including several official government-run state weather services.  By 1891, the network of voluntary weather observers across the country had grown to 2,000 and became known as the Cooperative Weather Observer Program (CWOP).  (Helms, 2008)

In 1933, Secretary of Agriculture Henry Wallace informed the newly-elected President Franklin Delano Roosevelt that the CWOP was one of the most extraordinary programs ever developed, and that it had secured the public more per dollar expended than any other government service in the world.  (Helms, 2008) (footnote A)  The value of a vast network of weather observation became even more evident as advances in complexity science began to show that a greater number of initial data points could aid weather prediction. In 1953, Director Helmut Landsberg of the Weather Bureau established a plan to evenly blanket the nation with weather observers. He conducted a study with Iowa State University to establish a method of filling in the open spaces of the volunteer network, determining for example, that one weather station every 25 miles could allow for estimating rainfall within an accuracy tolerance of ten percent.  By 1990, the CWOP network had expanded to 10,000 sites and most recent statistics estimate about 12,000 cooperative observers in the United States. Only about a third of these observers are paid, and the ones that do get paid receive a very small amount. (NOAA, 2009)

If weather observers have not been paid, what has been their motivation for participation over the years?  Do participants get a greater sense of “ownership” and therefore gain knowledge of nature through participation? Benefits to cooperative weather observers are primarily intangible, including receiving local and national recognition for service, providing help to others in emergency situations, and the gaining pleasure in tinkering with DIY monitoring equipment and information technologies.  The National Weather Center provides awards to long-time weather observers and recognizes important observations, like recording the coldest temperatures of the year or decade regionally and nationally.  All cooperative weather observers are recognized for their important contribution to public service on May 4th, National Weather Observer's Day.  Many volunteer observers are also amateur (ham) radio operators, and in that role provide the public service of emergency communications, saving lives in natural disasters such as hurricanes or floods.  Since very early on in the CWOP program, the network also benefited from popular interest in technology and science.  For example, CWOP grew in popularity by showing ham radio enthusiasts that it would be possible to send weather data through the airwaves.  This capability led the way to the technological development of packet radio, which has employed Internet protocols such as TCP/IP since the 1970s. (Helms, 2008)

However, observers have also taken risks for their hobby.  From its origins in the early 1900s, ham radio has been at the center of legal controversies related to developing communications technology.  In the US, the Radio Act of 1912 limited ham radio transmission, but by 1914 an organized relay system called the American Radio Relay League (ARRL) was created allowing operators to increase their range. Nearly every 4 or 5 years since then, amateur radio has faced a series of dismantling attempts by governments and media corporations citing concerns about interfering broadcasts followed by counter legal action to save private radio use or technological developments that make the regulations obsolete. (Lewis, 1991) However, a thin veil of licensing rules, different in each country, still separate legal amateur radio operation from illegal ‘pirate’ radio.  Legal radio transmission may, for example, become illegal once it is received, or due to the content of the information or if someone experiences interference with a commercial broadcast.  Free radio is a subset of pirate radio whose operators intentionally defy licensing laws they believe are designed to favor large corporate interests rather than the common good.  Free radio can be considered an alternative pathway for communicating ideas, and the content of free radio is tied to independent artistic production, often combining progressive political reporting with experimental music. (Yoder, 1995)

Although pirate and free radio remains in widespread use for various reasons, including a recent resurgence in conjunction with developing laws related to digital and wireless technologies, the rise of the Internet, led by ham radio operators, provided many new opportunities for the global dissemination of independently gathered information.  Weather station data distribution was one of the first applications to use the TCP/IP protocol.  Since radio technology has a limited range, The Automatic Position Reporting System (APRS) and later the APRS Internet Service (APRS-IS) were developed to provide a way for weather station operators to distribute weather data much further than their transmitter range. (footnote B).  The success of this organized cooperative has served to promote open access to geographic and geophysical information on the Internet.  Information from CWOP is within the public domain by US law, and the data collected by these volunteer observers is used by National Weather Service (NWS), the National Climatic Data Center (NCDC), other government agencies, universities and private companies. (footnote C)  Since the development of the Internet, private weather aggregator startups have been created using CWOP as a model.  One of the most popular is The Weather Underground (WU) personal weather station network, a commercial weather service that provides real-time weather information via the Internet. In addition to using CWOP data through the NWS, Weather Underground also provides an independent outlet for volunteers with personal weather stations not on the CWOP network. (Master, 2008) (footnote B)

Throughout its history, US politics has been polarized, and currently it is highly divided between the conservative right and the progressive left. The tremendous success and longevity of the Cooperative Weather Observation Program in the United States can be attributed in part to the fact that over the years, it has appealed to both the left and the right.  This crossover appeal is evident in the sustaining myth of one of the founders of the cooperative network, Benjamin Franklin.  Contemporary political artist Sam Gould of the red76 Revolutionary Spirit project has said:  “What's interesting to me with regard to Franklin's writings is not his ideas as an individual, but how much he is revered in the US today. He is revered by conservatives as a successful entrepreneur and for his ideas about individual liberty and by progressives for his ideas of the common good.”  (Gould, date?) Franklin’s ideas are also revered by contemporary technologists, most highly by proponents of open source. Journalist Amy Anselm of Redhat magazine calls Ben Franklin the “first [open source] American”.  She explained how Franklin’s philosophies are similar to the ideals of the open source community: “...all of Ben Franklin's ideas, actions, and contributions can be linked back to his own ideals.  An appreciation of community.  A love of truth.  His belief in an inherent responsibility to his fellow man.  Franklin was truly ahead of his time. He wasn't just the first American, he was the first open source American.  Freedom. Transparency. Collaboration. Accountability. Sound familiar? This was how he lived his life and impacted society.” (Anselm, 2008) Franklin’s is revered among technologists not only because of his advocacy of collective action, but because he supported such action in the context of technology.  As an inventor and information technology (printing press) entrepreneur, he understood the value of shared innovation.  For example, the following statement by Franklin has been referenced in arguments by open source activists against extending patent expirations:  “as we enjoy great advantages from the inventions of others, we should be glad of an opportunity to serve others by any invention of ours; and this we should do freely and generously.” (Franklin, date?)

The cooperative weather station networks of CWOP, Weather Underground and others serve as an example of how individuals working collectively using information technology can provide an important public service, and therefore provides and effective argument against the privatization of media and information technology.  The individuals and groups running stations help to increase awareness of local weather monitoring, and as an organized network, help to increase mainstream understanding of the complexity of climate science, for example the difference between natural and local variability of weather versus climate change. In an interview with the author, Antarctic research scientist and cryosphere specialist Dr. Wolfgang Rack described the problem of the narrow focus on individual weather events within the mainstream media. 

“I think the most important thing to keep in mind is that we have very good observational tools and that we can observe a high complexity and a high variability, and to understand that many observations might look controversial but because of the complexity of the system, if you look at it closer, they actually fit together.  So, I would say it’s important to keep in mind to filter out that noise in the press releases and in the reports in newspapers, that's very important and to keep the big picture in mind.” (Rack, 2007)

In addition, the work of CWOP members help to improve climate science. Dr. Rack highlighted this fact in the interview by discussing the importance of long term monitoring to climate science.  In this excerpt, he made clear the scientific reason that station operators who have kept records for long periods of time receive special accolades in the CWOP community:

“Year to year weather may be highly variable and that is also what nowadays perhaps makes it complicated to decide between natural variability in weather phenomenon and climate change.  So it does not mean a heavy winter with heavy snow fall this year, that it’s getting colder and another ice age is on the way, and on the other hand a very dry and warm winter doesn’t mean that it is necessarily a sign of global warming.  So that temporal variability has to be taken into account… In the case of climate observation that means measuring climate, temperature for example, for decades, and that is what makes it so difficult, we need long time series.” (Rack, 2007)
The cooperative weather-observing program presents a successful model of an alternative economy based on volunteers working together. Weather station enthusiasts worldwide use the Internet to voluntarily combine DIY technology with organized forums for collecting and analyzing data.  The cooperative observation network combines the work of individuals, governments and companies, with participants receiving a variety of rewards from personal satisfaction and recognition to government salaries to commercial profits as in the case of Weather Underground and others. Although this democratization of weather monitoring is not widely known in the mainstream, a vast majority of Americans depend on the cooperative weather observation network.  They depend on network observations whenever they fly in a plane or look at weather forecasts online, on television or in a newspaper. CWOP is also the backbone of the US's climate records.  It provides the longest record for climate research (some stations have had an unbroken chain of records for over 150 years). Scientists regularly use this data to study trends and predict future climate conditions. The system serves as a model and a microcosm of alternatives to accepted economic and social norms, suggesting through its over 200-year history that the open source model for software development and distribution and other open culture initiatives could in fact be sustainable and profitable.  In the current era of rapid climate change and disappearing natural resources, the general public will need to become more directly engaged with this information.  For example, microclimate information like that gathered from personal weather stations is essential to estimating energy potential to be derived from personal alternative energy systems like wind and solar and to determining optimum conditions for personal edible gardens.  Projects like the author’s Hello, Weather! research (footnote?) could play a role in the demystification of weather and climate monitoring, bringing this instrumentation, technology and information to a wider public. (footnote D)

Public Access to Satellite and Remote Sensing

Satellite and remote sensing technology has had a tremendous impact on scientific and public understanding of weather and climate.  The world’s first weather satellite and also the first satellite to transmit a televised image of the Earth was the Television Infrared Observation Satellite (TIROS-1) launched in April, 1960. (NOAA, 2009) Since then, hundreds of global weather monitoring satellites have been launched by various government agencies in the US, Japan and Europe and regular, real-time and archived images have been available in the public domain for over 30 years, with radar images additionally available for the past 15 years. (Rack, 2007) International law states that no individual, corporation or nation may own outer space, but there seems to be no limit to the commercial opportunities for satellites orbiting the earth. (United Nations, 1967) Commercial firms have also launched hundreds of satellites for communications, generally making their imagery available to anyone who can pay a fee.  However, in recent years, the US government has exercised what is known as “shutter control” over what may be imaged by American companies. For example in 1998, the State Department prevented US satellite companies from imaging certain portions of the Middle East. (Dubno, 1999) The Iraq war, 9-11 and the commercial success of online mapping tools like Google Maps has provoked discussion about whether or not any satellite imagery should be kept in the public domain.   Indian spatial technologies experts Mukund Raoa and K.R. Sridhara Murthib summarize the issues in this debate: 

“How far satellite images can still be considered a ‘public good’, conflicts between commercial and national interests is becoming a major issue, especially where security is concerned, sovereignty and the rights of sensed states, shutter control vs transparency...At the same time, the societal and public good of GI (Geographic Information) is well accepted with innumerable national and international examples. It is clear that societies would greatly benefit from the proper use of GI.” (Raoa, 2006) 

Several of the scientists interviewed by the author stressed the importance of public access to satellite data, for example aeronomist and state climatologist of New Mexico Dr. David DuBois, expressed support for open access and the importance of increasing global public involvement with remote monitoring in the realm of air quality:

“There are more satellites out there, there are more people interested, we’ve got more electronic access to data. In the past, it was only the specialists, now anybody can download the file. A high schooler can download the file and look at it, and if you’re a little bit savvy in programming, you can look at the same data I’m looking at. It’s all available on public ftp and websites. That’s the big thing, I think, managing the data, understanding it, and knowing what to do with the data, because I don’t of anybody who’s really using all the data. People use little slices here and there and over time…terabytes of information…Thinking about the past forward, if this trend continues, how do you actually use all this data? Is it going to waste? How do we better ourselves with all this data?” (DuBois, 2009)

The same communications technologies and social forces that have developed to support public access to ham radio, the federal and private cooperative weather monitoring networks that formed out of it, and similar data sharing initiatives like air quality monitoring have fostered a culture of transparency in satellite monitoring data.  Updated, high-resolution satellite data is widely available through the Internet through both commercial and public channels.  The fall of the Berlin wall and the demands of the globalizing world inspired an increasing number of governments to enact freedom of information legislation including remote sensing data. (Perkins, 5)  This democratization of access to this data has inspired a ‘counter-mapping’ movement in which communities, NGOs and individuals have “challenged power relations by highlighting social inequalities” in geographic space, (Perkins, 4) creating alternative mappings that serve to expose corporate and governmental violations against the environment and humanity.   The Internet allows these alternative mappings to connect with mass audiences, globalizing local resistance. (Perkins, 11)

Contemporary artists like Trevor Paglen and Marko Peljhan have attempted to push the growing culture of transparency even further.  Paglen’s recent work, The Other Night Sky, uses spy-satellite data compiled by renowned amateur astronomer Ted Molczan, a computer-controlled telescope and high-resolution camera to track and photograph secret ‘moons’ (i.e. classified satellites) in earth orbit. (Paglen, 2007) (image) This project takes advantage of information gathered by a member of another international cooperative community, that of amateur astronomers, who calculate the trajectories of satellites in order to pinpoint their exact location in the night sky and attempt to spot them with their amateur telescopes or even with the naked eye. While Paglen’s work exposes hidden actions of governmental agencies, it also aestheticizes and commodifies this information through the creation of breathtaking high-resolution photographic prints presented in gallery and museum settings.  The cool beauty of his images is sharply contrasted by the shocking implications of his subject matter. 

Marko Peljhan has initiated the Projekt Atol, a project to construct and launch two nano-satellites with medium resolution multi-spectral remote sensing capability. (ref?) Projekt Atol espouses some of the same aims of the nearly 50 year-old amateur satellite community that grew out of the ham radio movement, for example AMSAT, an international organization that designs, builds, arranges launches for, and then operates satellites carrying amateur radio payloads. (Baker, 1994) Peljhan argues that independent operation and control of communication and information technology is an essential part of a more sustainable social and economic system.  He explained: “…the global dynamics of change are very powerful and the knowledge distribution is uneven, in both economic and geographic terms. This needs to change, and communication technology is one of the possible vehicles for this change, but only if we will be able to liberate it from the grasp of the blind, solely capital-based use. The electromagnetic spectrum is an immaterial field with very material consequences, and unfortunately it has become a serious commodity. We have to liberate at least part of it, with all the democratic and technological means possible.” (Smite, 2004) British technology artist Susan Collins brought the idea of artists in orbit to the public by placing a virtual ‘Tate Satellite’ with a webcam in orbit.  The project also brought architects and artists together to imagine a extending the Tate museum into space by adding a new ‘wing’ attached to the International Space Station (ISS). (Collins, 2002) Unlike Peljhan’s strong attempt to separate his art projects from the corporate structure, Collins accepts that the Tate Museum is itself a corporation, and uses the fictional Tate in Space project as a kind of ‘re-branding’ of the art museum. In a discussion about the project in 2004, she talked about ‘cultural colonization’ and brought up questions about whether or not artists should be putting objects in space for any reason:

“…there was quite a serious element which was that space so far has been really explored by governments and it's so far been quite militaristic in it's uses…and that there was a very serious imperative for culture to be in there and colonise that space as well…I had a list of questions that I thought was quite useful to put out as a series of provocative statements that were to do with the nature of cultural ambition and to question it. Like whether it could be seen as Space Art or space pollution? I think there are probably many camps, you know some people are very excited about putting this kind of stuff out there and other people who question whether we should be messing up beyond our own planet.” (Collins, 2004)
Remote sensing data of the earth’s environment is essential to weather and climate science, providing vast amounts of information that, as a 15-30 year record, has only started to prove its usefulness to climate trend analysis.  (footnote F) Public access to government satellite images has been generally available, and private data has been available for a fee.  However, the widespread use of satellite imagery has brought up debates about this open access, questioning whether public safety and privacy can be effectively maintained.  At certain times, governments have enacted ‘shutter control’ to keep information out of the public eye.  Artists like Trevor Paglen and Marko Peljhan have used information from collective astronomy networks in an attempt to push the limits of transparency, Paglen by compiling orbital information and photographing ‘secret’ government satellites and Peljhan by pursuing the launch of an independent satellite.  Artist Susan Collins used web-based media to create a fictional Tate satellite, opening discussions about access, social inclusion and power in the art world.  (Bonaventura, 2002) 

The amount of and public access to remote sensing satellite data of the earth continues to grow, and organized communities of volunteers have formed to try to make sense of this mass by analyzing and highlighting aspects of the data, for example exposing social and environmental issues through the process of counter mapping.  Although much smaller than the established volunteer weather station networks, cooperative networks have also formed to launch independent satellite monitoring systems as an alternative to government and commercial sensing.  Some artists have responded to these technological and social breakthroughs through direct action, joining the networks and bringing their information and analysis to a broader public, proposing projects to launch independent monitoring satellites and imagining the counter-scenarios that such satellites would create in an art context.  Both the cooperative networks and the independent artworks serve to create alternative pathways to understanding and interpreting remote sensing data, alternatives that scientists like Dr. DuBois believe are essential to advancing earth sciences.  

In order to be useful for weather and climate prediction, satellite, instrument monitor and weather observation data must be coupled with computerized models.  Data from monitoring stations and satellites are used to provide initial conditions for predictive models and geographic conditions for historical reconstructions.  Monitor data is used to verify, and if necessary, correct model algorithms.  The next section will explore the interdisciplinary approaches employed in the historical development of weather and climate models.

Modeling, Prediction and Public Participation
Visual representations of weather and climate through paintings and drawings were the first attempts at understanding the changing structures of the atmosphere, and as such artists were central to the process.  These visual representations not only illustrated the movement of air, but held philosophical and spiritual meanings for viewers.  For example, eighth century paintings of cloud vortices in China may not only have helped viewers understand the rapidly changing weather conditions in South Asia, but may have contributed to Chinese philosophies of change and movement. (Gedzelman, date?) Working in the 16th century, Leonardo Da Vinci was an accomplished and innovative meteorologist.  He created engineering drawings for flying machines as well as detailed drawings of the movement of air that in modern times have been praised as presenting a sophisticated understanding of the fluid dynamics of air. Da Vinci not only spent time observing the movement of clouds in the natural environment, but he did experiments with dyed water or sawdust in water to observe flow patterns which he extrapolated to air.   Da Vinci created these physical models to try to recreate the patterns of atmospheric movement in a controlled setting.  Many hundreds of years before computers, these simple physical objects were the first models for weather and climate.  (Gedzelman, date?)

In 1939, Swedish-American meteorologist Carl-Gustaf Rossby performed an influential experiment to model the global circulation of the Earth’s atmosphere and oceans using a simple physical model.   By heating the sides of a turning circular tank of water mixed with colored dye, designed to represent the earth while it turns on its axis and the effect of sun’s energy, Rossby was able to demonstrate what are now known as Rossby (or planetary) waves, emergent behaviors in the atmosphere that have a significant influence on global weather. (NOAA, 2009) (image) These kinds of simple physical models are still in use in laboratories today, in conjunction with high-speed imaging technologies. (Coriolis, etc. etc. 2009) (image) Rossby’s research was important not only because of his work designing and observing the movement of fluids in tanks, but because he translated the behaviors evident in these physical models into mathematical equations of thermodynamics.  The formulae written by Rossby and other meteorologists working in atmospheric dynamics in the early 20th century became the basis for future global computer models of weather and climate.

Space exploration inadvertently created useful models of earth weather and climate by providing data on planets and moons with similar properties to earth like Mars, Venus and Europa.  While scientists were comparing and contrasting information from these heavenly bodies to earth as quickly as it was gathered, and continue to do so, the idea of other planets as physical models was first popularized by Carl Sagan. (Sagan, date?) These alternative scenarios of unbearably cold or hot deserts devoid of life (but, as in the case of Mars, with clues that might indicate a verdant past) presented a picture of a possible doomsday scenario for the earth.  While space exploration is still gathering data useful to weather and climate science and physical models are still used in labs, by far the most widely used models of air in the atmosphere in the present day are computational Global Climate Models (GCMs).  

Initially called the General Circulation Model, the GCM grew out of the numerical approaches developed in fluid dynamics by Rossby and others.  In 1950, the first weather simulation was run on the ENIAC computer starting with real weather data for a particular day covering the entire US with only 270 data points.  Although the initial models were regional, by the 1970’s GCM had become the central tool of global climate science. (AIP, 2009) There are currently 3 major GCM modeling houses in the US: GISS, the Goddard Institute of Space Studies in New York City, NCAR, the National Center for Atmospheric Research in Boulder Colorado, and GFDL, the Geophysical Fluid Dynamics Laboratory in Princeton.  In addition, there are major modeling houses in the UK, Australia and Europe.  All of these projects are government-scale, with multiple people in labs distributed throughout the world logging in to shared supercomputing resources. The models are highly detailed and developed through interdisciplinary collaboration, including contributions from fields as diverse as plant biology, chemistry, oceanography and physics. (Mankoff, 2008)  Despite their detail, by design contemporary climate models are nowhere near as detailed as the systems they represent.  In an interview with the author, ETH climate scientist, IPCC coordinating author and Nobel Prize winner Dr. Andreas Fischlin explained:
“A model is only a caricature or a cartoon of reality, and it will never match reality, and it actually wouldn’t make sense to match reality, then we don’t need a model, we can as well study it directly.  Sometimes that is actually a pitfall, people build models that are too complex and then have to struggle with them.  In that case it would be better to do field work, but you see we need to use models to see what future impacts could have on our environment.” (Fischlin, 2007)
The essential problem that climate modelers continually refer to is determining what details are important to the behavior of the system and what details can be left out.  As Fischlin continued:

“However, it’s not that bad, even a cartoon usually has some truth to it.  Even if it’s distorting certain aspects and exaggerating ones and neglecting others, it is still only a good cartoon if it matches some reality, if it resonates something in you when you look at it…We have to build models that have a relationship to reality that captures the crucial properties you’re interested in, in a given context.” (Fischlin, 2007)
The crucial properties need to come not only from the model’s calculations, but from the observational data available.  Once again in this context, a larger set of data collected from the real world can be more valuable. Dr. Rack discussed the issue:

“We never will have a complete set of observations, perhaps what we would like to have.  We have to find out what are most important things to measure and what are the most important places to measure…to decide what are the important things we would like to know, the most important things to include in the models.” (Rack, 2007)

 The problem is more complex than this interview excerpt might indicate, because there are different models for different purposes.  Data sets of observations that are not useful in one research context might be essential in another. For example, a model studying climate change has to have different properties than a model to study nutrients in forests or plantations. [40] Another major problem in the public understanding of climate modeling is the uncertainty inherent in any model.  In an interview with the author, Dr. Peter Doran of the Antarctic Long Term Ecological Research project said:

“I think that everyone would admit it’s difficult to make a model where you can say ‘Yes, I’m 100% sure this is the way it’s going to happen.’  The way that it works is they run a whole bunch of different models with different parameters, and they don’t draw a line of what the temperature’s going to be, they draw an envelope.  They say ‘this is what the range of the temperature is going to be.’” (Doran, 2008) 

Public understanding of how climate models and predictions work, including their inherent uncertainty, is essential because human behavior is having an increasing effect on climate.  According to the scientists interviewed by the author, the human impact on climate is not only the fastest growing influence on climate change, but it is the most uncertain.  Dr. Rack clarified by saying  “There are any uncertainties, not only from a modeling point of view, but there are many uncertainties from a human point of view.” (Rack, 2007) How human behavior can be introduced into climate models is one of the most radical, but to many of the climate scientists interviewed, one of the most important questions in computer-based modeling.  The author spent a semester on a research fellowship at the University of Colorado Boulder in order to explore climate science at NCAR.  One of her interview subjects, Larry McDaniel, an NCAR climate modeler and visualization specialist, discussed a group he was a part of called The Institute for the Study of Society and the Environment.  This group is focused on the study of climate, but includes specialists in fields outside the traditional climate science areas like economists and sociologists.  The project looks at demographics, cities and many aspects of health, growth and transportation, and is designed to work on a feedback loop, with decisions governments and individuals make affecting the models and simulation results allowing societies to make informed decisions. (McDaniel, 2008) McDaniel explained:  “We’re there to bring the information to the public so they can not only understand it but use it in their decision-making.  So that the decisions they make are going to be based on realistic expectations of the climate in the region they’re in.” (McDaniel, 2008) While NCAR, the IPCC, The Institute for the Study of Society and the Environment and other groups like them consist of experts providing recommendations to the public, other initiatives aim to bring the tools of GCMs to the public.  

Ken Mankoff is a software developer whose main project at GISS is EdGCM, the Educational Global Climate Model, a project democratizing climate science designed to bring climate models and the science behind them to the public. Until the past few years, climate models were only available to people with access to supercomputing power, but the increase in the speed of modern laptop or desktop computers has made them equivalent in terms of processor power to a decade-old supercomputer.  The EdGCM project has repurposed a real climate model from ten years ago to run on home Mac and Windows machines. This project allows the public to understand the capabilities and limitations of climate models by running simulations themselves.  EdGCM users could, for example, see model results after ten or one hundred years if the Kyoto protocol was met internationally. (Mankoff, 2008)  This project could help the public understand difficult concepts like local and regional variability versus climate change.  With similar aims, the distributed computing GCM project called climateprediction.net in the UK gives the public access to a slightly simpler model that can also run on personal computers.  They deliver the software to thousands of different computer users who run models locally and then ship the results back, allowing hundreds of thousands of simulation results to be collected.  This kind of distributed computing project allows scientific research to take advantage of the computing power of millions of desktop and laptop machines.  Mankoff believes this kind of structure could be more widely used and has great potential for the future of climate science.  He discussed, for example, the potential of using the downtime of networked high-speed game engines like Playstation to process large amounts of data. (Mankoff, 2008)  Projects like EdGCM and climateprediction.net are beginning to address problems like the vast amounts of available air quality data discussed by aeronomist DuBois earlier in this chapter.
Formerly only available to those with access to supercomputing resources, with increases in desktop and laptop speed, Global Climate Models can now be used by members of the general public and projects like EdGCM and climateprediction.net serve to democratize climate science by bringing its tools to non-specialists.   These projects use technology to create alternative pathways to understanding the science, one that is potentially more powerful and convincing than interpretations of the science in the mass media or even than he work of the scientists themselves, which are often technical papers written in a way that is inaccessible to the general public.  The public participation afforded in projects like climateprediction.net also use public computing resources to advance the science.

Conclusion

Climate change is the largest challenge that humanity has ever faced, and since human behavior is the fastest growing influence on global climate change, humanity must engage with the study of weather and climate from both a scientific and a social perspective in order to determine the most effective behaviors to engage in, both personally and in terms of policy.  As Dr. Andreas Fishlin stressed: “We have a climate crisis and that calls for everybody, whoever they are, whatever they do, might they be artists, journalists, whatever, scientists, we have to do our part in this and consider options… We are all part of the problem.  We are all part of the solution as well” (Fischlin, 2007)

One great challenge to effective public decision-making, however, 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 modeling.  In the US, a cooperative network of weather observers has been in place for over 200 years but is relatively unknown to the general public.  Any individual or group with minimal resources could install a station and join the cooperative network, providing an additional data point and therefore improving the predictive capabilities of the entire system.  Projects like the author’s Hello, Weather! research could help to demystify the process of weather and climate monitoring and therefore widen the network.  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 environments for the good of humanity.

Remote satellite sensing of the earth has provided compelling images of the fragility of our atmosphere and ecosystems.  Despite controversy, widespread public access to updated satellite imagery is the norm and has inspired a wave of alternative ‘counter-mapping’ projects that attempt to bring a humanistic perspective to overview information that presents structure and movement but not motivation.  (Perkins)  Some artists have taken a direct role in this counter mapping, but have also imagined alternative scenarios in which the control and motivation of remote earth sensing is in the hands of individuals and artists for the good of humanity rather than in the hands corporations and governments for militaristic purposes.

Scientists have strongly advocated for public access to data, information and scientific results, some citing this as the purpose of science itself, as Dr. Fischlin expressed in an interview with the author:  “…as scientists we have an obligation to inform the public who is generally also funding us, and I’m glad it’s funding us because it gives us independence and we are neutral in our statements and we can remain that way.   The other side of the coin is that we have to provide information to the public if they are in need.” (Fischlin, 2007) He went on to explain that the wider perspective afforded by global monitoring networks and remote sensing highlights the need for public engagement with climate science:  “…having broadened my perception I have to admit I was shocked.  I was shocked to find out how sensitive many ecosystems are and how much they could be impacted by climate change in the future.  So I felt as a citizen and an individual as a human being, an obligation to tell other people who are interested, who are willing to listen, and I believe everybody should be, it’s their life.” (Fischlin, 2007)

Perhaps the most complex aspects of climate science and the most difficult for the public to understand are global climate models.  While physical models of fluid dynamics using water and ink-filled tanks can be beautiful, their usefulness to science is only in relation to the mathematical formula that describe the movement and therefore can be used to determine behavior in a real-world context.  This mathematics has been generally inaccessible to the untrained public.  Space exploration brought vivid alternative climate scenarios to public consciousness, presenting images of a possible doomsday of a cold, dead planet earth.  However, because of the difficulty of studying them in detail, the usefulness of other heavenly bodies as models for the earth’s climate is limited. (Mankoff, 2008)  Computerized models are the most commonly used in climate science, but have been inaccessible to those lacking supercomputing power until recently with projects like EdGCM and climateprediction.net.  These projects give the public access to run climate models themselves on home computers and therefore gain a firsthand understanding of modeling issues like local and regional climate variability and how climate science addresses 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 measuring and monitoring instruments and contributing data to cooperative networks, viewing and analyzing remote sensing data, and more recently running computerized climate models and contributing those results to global analysis.  The climate science projects discussed in this chapter have the potential to transform the culture of science and society by opening alternative pathways to public participation.
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Footnote A:

According to CWOP, that statement is still valid today, who estimates that their time totals over a million hours a year.

Footnote B:

APRS was originally intended for position information but actually provides a means for transmission of all kinds of digital data.  The original packet radio concept now includes the APRS Internet Service (APRS-IS) that collects weather data transmitted from CWOP stations and communicates this data to findU servers, a set of privately operated Internet servers

findU is currently run by ham Steve Dimse, callsign k4hg 

Numerous IGates (Internet Gateways) receive APRS packets containing position and short messages from broadcast amateur radio and forward the data to the FindU servers via APRS-IS. APRS messages may also originate directly from computers without being broadcast on the radio waves. FindU weather observer data are organized and made available to the Meteorological Assimilation Data Ingest System (MADIS) Quality Control and Monitoring System (QCMS) operated by the National Oceanic and Atmospheric Administration, which checks data quality  Acceptable data are then included in the United States Mesonet and used by the Rapid Update Cycle (RUC) forecast model to produce short term forecasts (3 to 12 hours into the future) of conditions across the United States.

APRS digipeaters worldwide

http://wa8lmf.net/APRSmaps/DigipeatersWorldView.htm

APRS is designed for real-time tactical communications and display system for emergencies and public service.  It is different from conventional packet radio in four ways.  First by the integration of maps and other data displays, second, by using a one-to-many protocol to update everyone in real time, third, by using generic digipeating so that prior knowledge of the network is not required,  and fourth, since 1997, is has a worldwide internet backbone. http://aprs.org/maps/usamapfu.gif

Although the Internet monitors APRS worldwide, this is not the primary objective.  APRS is designed as a LOCAL RF network.  The protocol is designed to be optimized for short distance real-time crisis operations on RF.  APRS transmits and captures the location and status of all stations and can be used over any 2-way radio system including HAM, CB, Marine Band, etc.

RFID, amateur satellites, on balloons

http://aprs.org/APRS-docs/APRS.TXT

Footnote C:

For the NWS, coop data are the indispensable foundation of the nation's surface weather observing systems, the link between past, present, and future weather.

For NCDC, coop data are vital for climate research 

For the USDA, the Coop Network has been a vital monitoring and warning system for the agricultural community 

For the U.S. Army Corps of Engineers, the Coop Network provides the core data for its flood control network.

For the Federal Emergency Management Agency, the Coop Network offers a way to gauge the relative severity of weather-related disasters and respond appropriately.

For the Environmental Protection Agency, cooperative data is an important element in the calculation and prediction of environmental problems and in determining how to mitigate them.

For the U.S. Department of Transportation, cooperative data play a role in the design and construction of new and upgraded highways and in determining when to deploy emergency services. 

For state governments, cooperative data are vital to the design of facilities, the enforcement of regulations, and the design of highway, water, and agricultural systems.

Future of the National Weather Service Cooperative Observer Network (1998) 

Commission on Engineering and Technical Systems (CETS)

http://books.nap.edu/openbook.php?record_id=6197&page=42

Footnote D:

Weather Underground was founded in 1995 as an offshoot of the University of Michigan's Internet weather database. The name is a reference to the 1960s radical student group of the same name, which also originated at the University of Michigan.  In 1991, Jeff Masters, a PhD candidate in meteorology at the University of Michigan, under the direction of Professor Perry Samson, wrote a menu-based telnet interface that displayed real-time weather information around the world. By 1992, they claimed that the two servers they used were the most popular service on the Internet.   In 1995 Weather Underground, Inc. evolved as an independent commercial entity, and by 2005 had become the weather provider for the Associated Press.

CWOP, WU and other networks are connected through MADIS.  Citizen data files from the following networks are available from ESRL/GSD's Meteorological Assimilation Data Ingest System (MADIS).

"APRSWXNET" is a public service weather network of amateur radio operators and private citizens operating home weather stations.

"AWX" is provided by AnythingWeather.com.

"CoCoRaHS" is provided by volunteers participating in the Community Collaborative Rain, Hail and Snow Network..

"CWOP-snow" is a private-public partnership with the goals of collecting weather data contributed by citizens and making these data available for weather services and research activities.

"NWS-COOP" consists of automated stations from the National Weather Service Cooperative Observer Program (aka NERON)

"WXforYou" is provided by Weatherforyou.com

Weather Underground, Inc. The First Internet Weather Service. Retrieved on 2008-04-05.

Weather Underground, Inc. Dr. Jeff Masters' WunderBlog. Retrieved on 2008-04-05.

WEATHER UNDERGROUND For The Associated Press. The Nation's Weather. Retrieved on 2008-04-05.

Footnote E:

Two Professional Davis Vantage Pro II Weather stations mounted on 25’ Avenger professional light stands have been placed in operation, one at the Eyebeam Art and Technology Center in Chelsea, New York as part of my Artist’s Residency, and one at the Queens Museum of Art as part of an exhibition in collaboration with Heidi Nielsen and Natalie Campbell from the SP Weather Station project. 

The Eyebeam site is on the west side of Manhattan, near the Hudson River

The stations are wireless, solar powered stations that transmit data to an indoor receiver that logs the data and uploads it to the WXsolution application on a Windows PC. 

Data from both stations is being saved locally for archiving and use in projects. 

The Eyebeam station currently sends weather data to three online sites that aggregate volunteer weather observer data and make it available to the public: Weather Underground, Anything Weather and The Cooperative Weather Observer Program (CWOP).  In addition, the station provides updated online custom-formatted data.  

CWOP provides a site for each station with several comma-delimited tables, rss feeds and graphical representations of the station data at various time scales: daily, weekly and monthly.    

CWOP also locates the station on a variety of different maps including acme mapper, aprs, findu.com, googlemaps, pdb, teraserver, topographic and topozone, evaluates the data quality, and provides detailed recommendations for most effective station siting and other aspects of station operation.  

Weather Underground provides data tables and some graphical representation, and also provides an xml and comma-delimited file of data.

Footnote F:
A 30-year record is generally thought to be minimum for establishing trends in climate science, ref DuBois)
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