GEOSCIENCE AND SUSTAINABILITY:

The Earth Systems Program at stanford

DONALD KENNEDY

Ladies and Gentlemen:
I am grateful to Dean Pam Matson, the doyenne of Sustainability Science at Stanford, for the invitation too meet with you and talk about our students and the program that brings us together to InTeGrate. This program perfectly represents a move toward interdisciplinary studies, with a clear focus on the main problems facing global societies and a certain avoidance of departmental silos.  I think this trend will benefit educators from a wide range of institutions in the higher education universe.  Many of you are engaged with linking the geosciences to the set of problems that deeply concern all of us:  energy and finding a balance with serious gains for renewables; toxification of the environment; climate change and its threats to civilization; our chronic overdependence on fossil fuels; and our abusive and unsustainable over-harvesting of resources ranging from fish to forests.  I begin with the premise that education of our students is probably the best way of turning things around – and because we love our students I want to sprinkle a narrative or two about some special ones along our way. 

What do they bring to us and what do we expect of them?  In the first place, they are curious as well as energetic, bright, and hopeful.  They look over our academic catalogues, and wonder what courses, if any, are going to help them prepare to solve the world’s challenges.  They all already know the problem list – and they are choosing to take courses and major in something, often fields that combine work in many different departmental disciplines. For a quick example, here at Stanford fully a quarter of each year’s baccalaureate cohort have majored in Interdisciplinary programs – in our local acronymic culture, that’s IDP’s – short for Interdepartmental Programs.

One of these is IDP’s 3-quarter program here called Earth Systems.  I taught in it when Professor Gary Ernst was its leader, after we persuaded the Pew Foundation to help us start it. At that time we began in the fall with Exosphere, moved outward to the skin during winter for Biosphere, and then moved into the clouds in the springtime for Anthrosphere.  At first one heard students ask what in the world they would do with such an interdisciplinary major, and we told them optimistically we thought the answer might be “anything you want!”  I used to say the same thing to students in the Program in Human Biology, an even older IDP.  Earth Systems has been superb for 20 years or so.  Just to prove that we do succession planning, its chair – Professor Rob Dunbar – has ended a splendid term and is now to be followed by Professors Julie Kennedy and Ron Arrigo.   My advisee Annika Alexander-Ozinkas will work as one of the head TA’s next year.

Well, as to IDP’s, in a recent New Yorker article on Stanford, here was some emphasis on what Stanford’s president John Hennessy had done about the practice of combining disciplines:  It said: “his principal academic legacy here in Silicon Valley may be the growth of what’s called “interdisciplinary education.” This is the philosophy now promoted at the various schools at Stanford—engineering, business, medicine, science, design—which encourages students from diverse majors to come together to solve real or abstract problems. The goal is to have them become what are called “T-shaped” students, who have depth in a particular field of study but also breadth across multiple disciplines.”

We faculty in Earth Systems always thought we could find a way to be sure that our students COULD in fact do” almost anything” by turning our interdisciplinary major into an array of interesting occupations -- although I must say that we didn’t always persuade their mothers.  Now we have had almost a quarter of a century to evaluate some outcome data on how we’ve done on that score.  Here, courtesy of Pam Matson, is a remarkable pie chart that reveals what happened to them:

SHOW PIE CHART 

Here is a description by a committee that had been recently challenged to describe what we have been trying to do.  It said:

“If our students are truly to flourish they need one final element, which we call adaptive learning. Just as the measure of a human brain is not its number of neurons but rather the density of interconnections between them, so is the long-term value of an education to be found not merely in the accumulation of knowledge or skills but in the capacity to forge fresh connections between them, to integrate different elements from one’s education and experience and bring them to bear on new challenges and problems. We on the SUES committee believe that adaptive learning is the fourth essential aim of a Stanford education, and the one that in some ways encompasses the rest. It is this capacity to integrate new and old experience, to adapt knowledge and skills to novel circumstances, that protects our students from professional obsolescence and prepares them to face the unpredictable challenges awaiting them.”

It is worth noting that not only do our students take their interdisciplinary majors to interesting places, they frequently come back later to build academically on those experiences.  Some decide to do doctoral programs to build on some scientific skill, but many do something quite different:  they decide to combine a professional education in Law or Business with studies in environmental science and policy.  We are now enrolling JD and GSB students who wish to add work in the E-Interdisciplinary Program in Environment and Resources.

A moment ago I talked about how we might turn things around after I listed the long of our parade of planetary problems.  What did I mean by that?  Bluntly, we’re needy, and that’s because we aren’t doing so well in reaching the public.   The scientific consensus on these matters, notably climate change, couldn’t be stronger.  You know the data:  climate change is already here, with an increase in average global temperature approaching 1 degree Celsius, and it clearly is a result of human activity in pursuing our economic ends.  The future promises even more increase in carbon dioxide and other greenhouse gases even if new emissions were to be stopped right now because stored CO2 and its equivalents would still be released from the oceans and other labile sources.  But without strong actions to change the production and use of energy —the ‘business as usual’ world -–the climate regime will continue to drive the temperature up.  This consensus is believed by upwards of 95% of the scientists who have worked seriously on this problem and published their research results in the peer-reviewed literature.

Yet a few well-supported denialists have tipped the polls upside down in their favor, so that more than 60% of the American public are persuaded that somehow the science is not quite clear, and doubt that the results call for action in the policy sector.    Now, your students and mine know that that’s crazy.  They themselves are already well attuned to the difficulty of the large, interdisciplinary challenges we face – and they believe in data and in hard, peer-reviewed science.  Unfortunately the challenges in this area have made it harder for scientists and evidence-based analysis of the natural world to get serious attention from the rest of us.  

Thus we may need to give our students new kinds of help with the reality that the science is not going over.  It is becoming clear that we need to get some serious attention from social scientists and humanists who understand not only human behavior, but some of the historical and cultural changes that have shaped it.

It is interesting that his is not the first time this kind of thing has happened.  In the Geology auditorium at noon Monday, we heard a seminar by Naomi Oreskes, Professor of the History of Science at UC San Diego.  She is a friend of long standing for us at Stanford, and she has received well-deserved attention for a book she has written with Eric Conway entitled “Merchants of Doubt”.  As the title might suggest, the theme is that scientific discoveries that promise trouble for major players in the economy are often disputed because those affected might soon experience government regulation or product liability lawsuits. 

That certainly is the case with respect to the findings about climate change, which are seen as relatively new findings by many, but actually began with the Swedish chemist Arrhenius more then 100 years ago.  The plain message from the facts about global warming and its future course is that some major economic sectors are going to have to take a hit – perhaps particularly energy firms dependent on coal or oil.  The book makes in clear that a few scientists with credentials in climate science had made criticisms of particular scientific issues.   But when the count was in, most of the doubters -- though billed as “scientists” -- had not worked on the climate change issue. 

The other piece of the story is that this is nothing new.  Naomi has pursued an earlier cause célèbre, the scientific finding initially from epidemiologists in the United Kingdom, that smoking cigarettes significantly raises the risk of lung cancer in those who use them.  The tobacco industry in the United States where most of it was, rose up in arms, and their strategy was to get a few leading scientists to raise questions about the validity of the scientific rationale.  These bright lights in the postwar scientific universe included one noted physicist at Princeton and another who had been president of the US National Academy of Sciences.  But the stunning surprise in this history was the overlap among the participants.  Many of the same individuals who doubted that smoking causes cancer -- a cause and effect relationship that 3 decades of research has confirmed – were the same individual scientists who now were denying the scientific consensus on climate change.

It will be some time, I guess before we figure out the motivational structures that give rise to this result.  For some it may an iconoclastic leftover from a time at which much innovation was irresponsibly advertised as “scientific” when in fact it was not.  It could be, as many believe, that the promise of handsome remuneration for sowing the doubts could reward the sowers.  But the reality is difficult to escape:  that whenever scientific results indicate a prospect for social action, attacks are likely to come again from the merchants of doubt. 

I see this as another indication of our need to know about how human behavior is contributing to our problems and to our capacity to resolve them.

Once (in 2006) my colleague Paul Ehrlich and I wrote a Policy Forum piece in Science proposing that there should be a Millennium Assessment of Human Behavior, which we abbreviated MAHB. It recognized the need to understand not only what is happening to our environment, but how our own cultural and behavioral tendencies have participated in shaping those events.  

Now it has been retitled the Millennium Alliance for Humanity and Biosphere, this project is attracting groups of faculty and students here and in other universities.  I hope this continues, because after all this is the Anththropocene.  One of the ways in which our education should change – and of course it is now reformulating itself in all sorts of different ways – is to make it interdisciplinary even beyond science, by incorporating the humanities and social sciences.  I think the students who have already signed on for this venture may be among the first cohort to move education in this direction.  

For eight years as editor of the journal Science, I got to know two other groups of people in particular who really impressed me.  One comprised the News editors who made up Science’s staff or journalists who cover the research news. They were really good at their job of explaining complicated scientific news for the public; a number of them had been trained at the University of California at Santa Cruz, in a special program on that kind of journalism that’s among the national leaders.  Of course they were often covering papers that had been published in the other part of the journal, those that reported new research findings and had to be peer-reviewed by other experts.  There we had to deal with potential conflict of interest problems – and accordingly our journalists couldn’t poach on the review files of the research editors, who hated it when the papers they had approved for publication looked bad in the News section.

The other cohort consisted of AAAS Congressional Science Fellows – mostly people who had finished science doctorates but had developed strong interests in policy.  Many went on to jobs with legislators on Capitol Hill, or to administrative agencies – undertaking what might be called a midlife disciplinary graft.  Here is one example – his name is Kai Anderson, who was a student as an undergraduate here during the winter quarter of 1992-3 at Stanford in Washington, a program we began in the mid ‘80s having recognized the need for introducing some of our undergraduates to the policy culture in Washington.  He came back later to get a PhD. in Geology here on the campus, and then served for years as the AA for Senate Majority Leader Harry Reid.

A last entry on this list is a fine program for improving the capacity of scientists to talk to the public about their work.  The Aldo Leopold program was created in 1998 by Jane Lubchenco, now the Administrator or NOAA, along with two former presidents of the Ecological Society of America.  It was designed to solve problems with the “science communication” issue  -- that is, the lack of training and support for environmental scientists to communicate with the public, the media, and the policy sector.  Support for that came from the Pew trusts, as did the Earth Systems Program, and from the David and Lucille Packard Foundation.  It has been a prime mover for over a decade in helping young scientists learn how to explain their work to others.

Finally, I want to share one more student narrative.  In preparing for this meeting, Pam supplied a slide showing the entire group of Earth Systems students a couple of years ago.  You can Dean Matson over here; the young woman standing to her right is Cara Brook one of the dozen or so students in what we have called the Goldman Program, named for Richard and Rhoda Goldman, the great San Francisco philanthropists and friends of the environment who made it happen.  The students begin work in the fall and continue thru the winter quarter learning data analysis, looking at case studies, learning statistical methods, presentation technology, etc.  They get to know one another and soon they are discussing one another’s thesis plans and tentative presentations.  In the spring there are rehearsals and final delivery of the theses.

The students form strong supportive affiliations, often by themselves without the committee or the Director.   Cara, who had known Yosemite National Park for some years, has begun studies in the previous summer on he behavior of Common Ravens, which had not been seen in the park until the early 70s but had become abundant.  Much was already known about the behavior of these remarkably intelligent birds, and some had hypothesized that they had gained an early evolutionary benefit from a commensal relationship with large carnivores, in particular wolves.  Cara found that the raven’s distribution avoided the remote regions of the park but was concentrated in the sector in which the human visitors were most interested.  In a careful study of the ravens that included data on the times and places of aggregation of the birds and the tourists, usually sharing food in some way, showed that the results were interestingly consistent with the hypotheses if people were playing the wolf role.  Furthermore, her findings amounted to a groundbreaking analysis of urban ecology in addition to a significant contribution to the development of Park policy. 

The rest of the story is that since her graduation 2 years ago, Cara worked with a group studying agriculturalists in Kenya, later developed a program for studying plague in Madagascar, and then took off for northern Minnesota as part of a team tagging deer and following wolf packs.  After she’s finished that as the fall begins, she’ll load up her car and head for Princeton, where she begins the PhD program in ecology.  

 I continue to be amazed by these people, and I know you do too.
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