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As I was reflecting on the reason for our celebration today and what I might contribute, I concluded that I should offer a few thoughts on the importance of the liberal arts education as viewed from the context of major decisions we face in the US and also in the global community.  I will contrast the research-intensive university with the liberal arts college to examine the role and importance of different perspectives in addressing critical societal decisions of our time.  And to provide a concrete example, I will use my own engagement in the US and international science community on the issue of climate change.  Applications to other societal decisions relating to science and technology are equally valid.  

At the core of our educational mission is the development of critical thinking skills.  In the natural and social sciences we usually translate this to mean problem solving toward deeper understanding of the natural world or social systems.  But this problem solving needs to be grounded within the ethical and cultural norms of our society.  The liberal arts education, with its emphasis on critical thinking applied in the larger societal context, is essential for effective use of science and technology in society. 

We at Iowa State University are, like all other research-intensive universities, pushing the limits of technological advances.  The official name of our university is Iowa State University of Science and Technology.   And we take the last part of that name seriously as can be seen in our research priorities, which range from nano-technology to virtual reality to genetically modified crops to new products for the emerging bio-economy.  

We certainly are not the only university with such an agenda.  And universities are not alone in this pursuit of advanced technology.  Government laboratories and the private sector are equally vigorous in this pursuit and feel a mandate to transfer technological advances into goods, services, and methods for accelerating the global economy.  Cheap energy for transportation and global communications has provided the global resources to fuel this rush to create and disseminate new technologies.  Outsourcing has lowered costs and further accelerated the rate of change.  

A factor not following this pace of change is our ability to come to terms with the societal consequences, particularly the ethical and social consequences of these changes.  Those of us in this room who use computers, which is almost everyone, are accustomed to having software providers alert us when new advances of QuickTime or Adobe Acrobat or other software are available for free download.  We simply hit the “Update” button, and automatically proceed with a faster version that is compatible with what everyone else is using.  And if you should need help simply dial the 800 number and a pleasant voice from India will be happy to solve your problem.  

If only it were so easy to cope with the social and ethical consequences of technological advances.  Modifying our personal views on nuclear power, genetically modified foods, cloning, stem cell research, and global warming cannot be accomplished by simply hitting the “Update” button.  And the 800 number for outsourcing solutions to ethical issues is not an option.  

If anything, such “compatibility with everyone else” – so easy to achieve with computer software – is more difficult now than in the past.  Our sound-bite, in-your-face model of public discourse promoted by the TV news media, has reduced opportunities for thoughtful and respectful dialog on critical societal issues.

Despite the focus on science and technology at our research-intensive institutions there is only a modest effort, as judged by institutional funding, to address the societal consequences.  Ours, like other universities, has a small, albeit quite active, group drawing attention to bioethics and the interface of science with society.  But we do not provide the broad base in humanities, philosophy, and theology and intensive dialog between the sciences and humanities to give these critical issues the level of discussion that is urgently needed. 

As a result of this imbalance, many of our new technologies see wide use before their consequences are fully, or some times even partially, explored.  The private sector, which is incredibly efficient at transforming technological advances into new products and services, frequently has a clouded vision of the consequences of wide adoption of these new advances.  Some that initially seem to have no negative effects gain such popular use that when negative consequences are revealed the private sector provider engages in promotion of bad science to justify the continuing societal addiction. Use of tobacco is a classic example.

We recently have entered an era in which some of our addictions are having, or will have, negative environmental consequences of unprecedented global proportions. 

One example from the recent past is the development of chlorinated fluourocarbons (CFCs) by Du Pont in 1928.  Their highly inert chemical properties and unique thermodynamical characteristics launched these manmade chemicals into widespread use as refrigerant fluids, cleaning agents, aerosol spray propellants, and the gaseous agent used in the manufacture of Styrofoam.  Thomas Midley, discoverer of the CFCs, demonstrated their lack of toxicity and flammability, which at the time were the two barriers to commercial use, by taking a deep breath from a CFC canister and blowing out a candle.  No toxicity, no flammability.  A perfect manmade chemical.  Only 50 years later were they shown to be the primary agent in destroying stratospheric ozone.  It took a complex set of research starting from California university chemistry laboratory and ending with in situ sampling inside polar stratospheric clouds by high-flying aircraft over Antarctica to piece together the full story of why the Earth’s protective ozone layer was developing holes leading to destruction of sensitive species in certain regions and rapid rise in human skin cancer in Australia and New Zealand.  

Fortunately in the case of the CFCs, when the science was clearly articulated to national governments around the world and to manufacturers of the CFCs, their production was stopped and industrial replacements were introduced. Science was swift and steady to pin the cause, to inform policy makers, to generate global consensus on a strategy for action, and to get nearly universal adoption, with industry adopting changes before being required to do so.  This case study is a classic success story of science serving the global environmental needs of society.  And despite the fact that one in 52 Australians will contract skin cancer this year, the hole in the ozone layer shows some signs of healing and may return to normal in about 60 years.   

A technological advance even far older than CFCs and with even more pervasive societal impact is our use of fossil fuels as a source of energy.  Two hundred years after fossil fuels found wide use for industry and one hundred years after they were adapted to wide-spread use for transportation, we are finding that their continued use will have profound consequences for our planet for many centuries.

Our use of fossil fuels has led to a 40% increase of carbon dioxide (CO2) in the global atmosphere, from pre-industrial levels of 280 parts per million (ppm) to our current 380 ppm, with an additional 1% increase every 2 years.  We now have more CO2 in the atmosphere than at any time in the last 10 million years. 

But why worry.  Carbon dioxide, like the CFCs, is an inert gas for humans at concentrations common to the atmosphere.  Non-toxic, non-flammable.  Plants love it and grow faster when atmospheric concentrations are higher.  Scientist have known for well over 100 years that carbon dioxide is a critical ingredient in keeping the Earth’s near-surface environment in a delicate balance of temperatures that allows life, as we know it, to flourish.  In fact, life can only exist because the Earth’s atmosphere has enough carbon dioxide to trap just the right amount of heat from escaping the planet and just enough stratospheric ozone to protect us from the lethal rays of ultraviolet light from the sun.  

In the1970s climate scientists began to warn that this trend could lead to global climate change. At that point the evidence was highly uncertain, the consequences unknown.  The scientific uncertainty was too large to support the need for major societal change. 

But today, the path of future warming of the planet is becoming quite clear.  And the uncertainty is much less.  The planet likely will warm somewhere between 3 and 11 oF during the current century.  By contrast, a global warming of only about 14 oF was sufficient to bring the Earth out of the last ice age.  It is likely that by 2100 the Earth will be warmer than it has been in the last 400,000 years. 

It is difficult to discern changes that come so slowly, and it is even more difficult for scientists to convey meaningful information on such changes to society when uncertainties are large.  And when uncertainty is reduced and consequences become clear, it is difficult to convey the urgency.

The hurricane season of 2005 provides a useful example that is compressed in time:  Hurricane Katrina exited Florida on the morning of August 26 as a Category 1 hurricane on its journey into the Gulf of Mexico.  The scientific uncertainty of the location of its second landfall was high.  The so-called “cone of uncertainty” we all saw on TV allowed that coastal regions from Mobile AL to Mexican cities south of Brownsville, TX were potential landfall targets.  And being reduced to a Category 1 hurricane over the Florida peninsula, it was not viewed as a cause to consider coastal evacuation. 

But as its path moved westward and then northwestward it drifted over a deep layer – the so-called loop current - of extremely warm water (temperatures exceeding 90 degrees F) in the Gulf of Mexico.

With this new source of both heat and moisture, the hurricane intensified very rapidly. Within 48 hours after exiting Florida, it was elevated to a Category 2, then 3, and then Category 4.  A mere six hours later (and 18 hours before landfall)  it became a Category 5, with winds estimated to exceed 175 mph.

With this massive build-up of energy and northerly path into the influence of the prevailing westerly winds aloft, the laws of physics clearly revealed an impending catastrophe of unprecedented proportions. A Category 3 hurricane with winds of 135 mph and storm surge of 12 ft is classified as capable of producing catastrophic damage. But 18 hours before landfall, Katrina was a Category 5 with winds exceeding 175 miles per hour, gusts to 215 mph, and a projected storm surge in excess of 25 ft.  We knew where it would hit, when it would hit, and how hard it would hit.  This would be the big one, but there was still 18 hours to take at least some action.  

The reaction by major segments of society, both personal and public, was paralysis.  The warnings of levy failure, massive flooding, catastrophic damage from winds and storm surge, that were predicted and eventually occurred, were beyond the realm of known experience.  Our most extreme superlatives had already been used up on lesser events.   Why were we, as a society, not making informed choices in the years, months, and hours before landfall?  The science was clear that it would come sooner or later.  Now it was here.  Why were we not asking relevant questions and demanding leadership when the consequences of inaction were so clear?

Back to climate change.  Now in 2006 the message from the laws of physics is becoming clear:  global warming is real and humans are the largest contributing cause.  No scientists or responsible citizen can now refute the evidence that the planet is warming.  Some will contend that this is a part of some natural cycle.  

Last week in Vienna I listened to some of the world’s foremost scientists describe the so-called “global dimming” and “global brightening” that has been observed over the last 30 years.  We can go back to sunspot observations from the 1700s and in fact even ancient Chinese observations and see that the sun always has gone through cycles of varying intensity.  But long-term changes due to these cycles are small. The magnitudes and rates of change attributable to natural cycles of the output of the sun pale by comparison with current excessive heating due to greenhouse gases.

Several research groups have reported independent and careful analysis of the world’s global temperature trend.  There is a clear rise of about 0.3 oF per decade, a trend that began in the 1970s.  Part of this trend likely was due to natural causes, but the major contribution is anthropogenic.   We have independent evidence that warming is occurring at unprecedented rates,  For instance,

*
Glaciers on all continents are retreating unprecedented rates

*
The duration of ice cover on rivers and lakes in the Northern Hemisphere has decreased by 2 weeks in the last 50 years.

*
Global sea level is rising at 1-2 mm per year

*
The growing season in the Midwest has increased by 8 days in the last 50 years.

*
Snow cover in the Northern Hemisphere has decreased by 10% since satellite measurements began 30 years ago

*
Coral reefs are bleaching at unprecedented rates due to warmer ocean waters

*
Arctic sea ice has shrunk by more than 20% since 1979, and in the 2005-2006 winter some regions failed to generate new winter ice due to warm surface temperatures

*
Arctic permafrost is melting, causing some Alaskan villages to see structures sinking or sliding downhill.

The journal Science is one of the world’s most authoritative sources of scientific information. The March 24, 2006 issue of Science carried four articles and three commentaries on the accelerating loss of ice from the two major global ice masses, Greenland and Antarctica.  Independent measurements made by satellites from space, seismic sensors in the earth and visual observations show a clear picture of rapid ice loss due to global warming.  Both ice masses are losing about 35-40 cubic miles more ice than they are gaining each year.  Sea level rise due to such glacial melt previously was projected to be about 30 cm over the 21st century.  These estimates of just a few years ago are now believed to be low by a factor of two or three.  A now more likely 1-meter rise in sea level by the end of the current century will put Miami, FL and Kennedy Space Center below sea level.  A change of this magnitude would move the Florida southern coastline northward by about 100 miles, inundating most of the Everglades National Park.

The laws of physics now are providing a clear picture.  Excess carbon dioxide, being a strong greenhouse gas, is producing an imbalance in the heat content of the lower atmosphere.  Carbon dioxide is very inert and can only be removed from the atmosphere by dissolving in ocean water and uptake by green plants.  Neither of these processes can respond quickly enough to cope with new emissions from burning fossil fuels. The effective lifetime of a carbon dioxide molecule in the atmosphere is over100 years.  Use of fossil fuels in the US results in per capita releases of carbon dioxide in amount of about 6 tons. This is due mostly to our use of fossil fuels directly for transportation and space heating or indirectly through use of electrical power for producing the consumables we buy.   

And our computer models based on these fundamental laws of physics have narrowed the cone of uncertainty about future global warming.  We now can simulate with these models all the major global influences on global climate that have occurred in the 20th century, including the effects of volcanoes, variations in the output of the sun, effects of greenhouse gases and sulfate aerosol particles. It is clear from these studies that a major portion of the warming of the last 30 years is due to human-induced increases in greenhouse gases.  

It also is clear that because greenhouse gases have such long lifetimes we are committed to a continued warming for at least the next 100-200 years. Policy decisions we make today will not change this path of warming for at least 50 years.  We don’t know all the consequences but we do know some:  the glacier on Mt. Kilimanjaro will disappear in about 10 years and not return for several hundred years.  If my new grand-daughter will want to see a glacier in Montana’s Glacier National Park she will have to pay a visit before she graduates from college.  

So why don’t we do something?  Just like the period preceding landfall of Katrina, the predictions are beyond the scope of our historical experiences and we don’t know how to respond.  And the voice of consensus science has been ignored or even worse, deliberately suppressed by political and private sector interests.  Not enough questions are being asked, and not enough critical thinking is being applied to evaluate the societal consequences.

Although the analogy of climate change to Hurricane Katrina breaks down if we examine causes, it does underscore the need to ask critically important questions and demand responsible leadership in a timely way.

Some highly relevant questions relating to climate change include:  

What climate variables are changing?

How much are they changing?

In what direction are they changing?

How fast are they changing?

These all are important science questions.  My climate scientist colleagues and I are working feverishly to supply answers to these questions and to convey the level of scientific confidence we have on each of these.  Unfortunately, over the past 30 years and continuing today, we have people with no scientific background on these issues, weighing in with opinions not backed up by scientific consensus.  The media, eager to fulfill their obligation for balanced reporting, give equal time to both sides, even if one side lacks scientific credibility.  Hence, the public is understandably confused. 

So the first critical evaluation question we as a society should ask in such cases is one I am frequently asked in testimony on legal and public hearing issues relating to weather and climate: “Are the methods you used to arrive at your results and opinions the standard methods for arriving at such decisions in your profession?”. 

The most important question then, as posed in the title of my remarks, is:

What should we do about climate change?

And that is NOT a scientific question.  This question is not addressable with by establishing hypotheses and gathering data to test these hypotheses.  It is not subject to the laws of physics.  It is intrinsically a societal question.  In fact it has a strong ethical dimension.  

Global warming has winners and losers.  In agricultural production, the major winners are Canada, Russia, and Northern Europe.  Our best current estimates suggest that US agriculture, because it covers a wide range of climatic zones, will not be severely affected by global warming.  The most severely affected countries are in the tropics and subtropics – countries already failing to meet national food demands.  In Uganda, for instance, the major agricultural commodity is coffee.  But a 2 oC rise in temperature will reduce the area in Uganda favorable for growing coffee by about 90%.   

In fact, the regions of the world that have contributed the most to greenhouse-induced warming are either winners or neutral on the agricultural impacts of climate change.  This seems to be an issue of distributed justice – an ethical dilemma. 

And what about intergenerational equity? Who speaks on behalf of future generations on this issue? 

These questions cannot be left to scientists, because seeking answers to these questions will not lead to tenure and promotion or to large federal grants.  There is urgent need for critical questioning in the cultural and societal context to clarify the consequences of our actions.  

And we cannot leave it to private enterprise to tell us what path to follow.  Technology left to itself will provide more devices and products.  And advertisers will convince us we need them all to lead a satisfying and inspired life.  Who provides the critical thinking to see far enough into the future to evaluate these apparent needs? 

Our society, which has heavily invested in science to answer critical questions, has an obligation to challenge scientists to clarify the consequences and be prepared to take action when consensus science give clear answers.  We need continued advances in technology but we also urgently need to better understand the consequences of our science and technology.

In my course at Iowa State entitled Global Change, we examine a wide range of global environmental issues.  One unit in this course is entitled Sustainability.  Sustainability is defined as meeting the needs of the present generation without compromising the ability of future generations to meet their needs.  Under this unit we examine why we as a society cannot continue on a path of high consumption without major negative global environmental consequences.  

Jared Diamond has written two provocative books examining past cultures and our current culture.  In the Pulitzer Prize winning Guns, Germs and Steel he asks why did the ancient civilization of the eastern Mediterranean region flourish, expand, and ultimately become the dominant global influence on almost all societies everywhere?  Why did not the aborigines of Australia or the pigmies of Africa or the Native Americans of North American, all of whom were equally as intelligent as residents of the fertile crescent, not expand their cultures to dominate the world?    The answer, in short for those of you who haven’t read the book, is highly advantageous access to plants and animals that were suitable to be domesticated, which ultimately led to the weapons of guns, germs, and steel needed to dominate other competing civilizations. His diagnosis of why societies rise and fall was cited by Bill Gates as a must-read for corporate managers. 

His follow-on book entitled Collapse is more relevant to our current topic.  In it Diamond goes a step further to ask why do some societies choose technical and cultural practices that they know in advance will eventually lead to societal collapse?  He cites the civilization on Easter Island and the Norse settlement on Greenland as prime examples.  He asks “what was that person thinking who cut down the last tree on Easter Island”, which prevented their society from building boats large enough to navigate the Pacific Ocean and hence forever doomed them to isolation?

He draws striking parallels between our current unsustainable practices in developed countries with those of past societies and calls for serious rethinking of our path of consumption, which we have come to tie so closely to quality of life
This leads to even deeper questions such as 

*
What gives meaning to life?

*
What inspires us and gives personal satisfaction?
*
How and why are these tied to materialism and consumption?

Again, these are not scientific and technical questions. We can’t answer these questions, much less embark on a lower-impact way of life, unless we understand our current culture.  They call for a more profound introspection on our systems of values – again topics that beg for better understanding of culture, humanities and religion.  

It has been my observation that organized religions have been slow to become engaged in the dialog of the ethical and theological dimensions of global environmental change.  But I see a very positive recent move toward full engagement on this topic.  Sustainability has become a major theme of the World Council of Churches, several Protestant denominations, and the US Conference of Catholic Bishops.  At the annual Conference of the National Council for Science and the Environment last January in Washington DC, a representative of the National Association of Evangelicals announced a major shift in doctrine from one of domination of the earth to one of care for the earth.  

Ian Barbour in his Nature, Human Nature, and God, recalls Paul Tilich’s three components of estrangement at the core of original sin being estrangement from others, estrangement from ourselves, and estrangement from God.  To this Barbour adds estrangement from non-human nature by denying its intrinsic value and violating our interdependence.  Barbour concludes his book with a chapter on how a strong consideration of non-human nature (i.e., the environment) is consistent with process theology.  More specifically, he asks what contributions can the biblical tradition make to the interlocking problems of sustainability, environmental preservation, technological development, and economic globalization.  These are very tough but very important issues.  And I can assure you, these issues are not topics of substantial research at Iowa State University of Science and Technology. 

So let me summarize by asserting that the liberal arts tradition of education is a critical component for promoting dialog between science and technology on one hand and the societal, cultural, and religious dimensions on the other.  I have tried to convey a sense of urgency in promoting this dialog.  I feel it is more urgently needed now than in the mid 1960s when Miriam and I were students at Luther College.  The technology was simpler then – we didn’t have the internet, computers - even electronic calculators didn’t come until end of the 60s.  And not only did we not have cell phones, I don’t recall we even needed area codes.  Rachel Carson’s Silent Spring, widely regarded as the launching point for the environmental movement, had not yet shouted its message at us.  The issues today are far more complex, and the choices we make will have far more profound influences, even on the future of our planet.  Let’s not abandon the liberal arts tradition.  
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Figure 1.  Atmospheric carbon dioxide (top) and global temperature (bottom) over the last 400,000 years as derived from ice core data. Present era (1950) is on the right.  Current atmospheric concentrations of carbon dioxide are about 380 parts per million (ppm) compared to 280 ppm before the industrial revolution and 300 ppm during interglacial period about 325,000 years ago, which is the previous highest concentration in the last 400,000 years.  
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