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Andrea Polli: I’m at Mesa Lab in Boulder, Colorado, talking to Dr. Kevin Trenbreth of NCAR and the IPCC.  So I think, Kevin, first off thank you for talking to me today.  I think the first thing I wanted to ask you about, I’ve been reading this book called Storm World, and I know that this issue of climate change causing greater frequency and greater intensity of storms has been a kind of contentious issue.  So I wonder if you could speak to that and your research in that area, which is pretty amazing, I think.

KT: Well, it’s been an interesting history in its own right.  I don’t know how much you know about all the background and how it really blew up, but my background is that I’ve done a lot of work on energy and water, and overall budgets: where it comes from.  The perspective I had in regards to hurricanes is related to the other work I had done on storms, especially from the standpoint of water.  If you have rain in a hurricane, where does all the water come from?  Where does all the energy come from to evaporate that water?  Those are the kinds of questions that some of my research was engaged in.  But I wasn’t a hurricane expert.

AP: Wait, give me a sense of the timeline.  When was this?

KT: Well, this was in 2004, when four hurricanes hit Florida, there was a certain amount of media attention.  There was a news conference that was held by NOAA to say this was all natural variability, that global warming had nothing to do with it, and I said “that’s not right.”  That was fine, I was quoted a little bit in the media, but some other people also thought it wasn’t right, some colleagues of mine: Paul Epstein (???), Jim McCarthy, and there was a guy actually from one of the reinsurance companies, and they decided to have a news conference.  It was a tele-news conference, and there was something like 45 reporters on the other end, and I was the main person dealing with the physical aspects of climate, so this conference took place.  I think it’s available in various places on the web.  I don’t think I said anything that was wrong although I didn’t agree with some of the things Paul Epstein (???) said.  Anyway, it blew up, and a guy called Chris Lancy (???), who I invited to participate in the IPCC very publicly resigned.  There were a lot of terrible blogs that were written and I was very heavily criticized by a number of these skeptics and so on.  There was a lot of publicity, this guy tried to get me fired from work, he tired to get me fired from IPCC.  Some people rallied to the cause.  My reaction was not to respond to all of these blogs, but instead what I did was to write an article which was published in June of 2005 in Science Magazine on what the rationale was for my way of thinking.  A month of so later (in August, I think it was) Carrey Emmanuel’s (???) article came out in Nature where he had independently done research which substantiated some of the things that I was saying.  Of course you know, right in that timeframe in August, later in August, Katrina came along and we had the most active hurricane season on record.  So Mother Nature sort of kicked in, in a major way, and then there was another article came out in Science magazine later by Peter Webster, a colleague of mine, and some of his colleagues, and in fact they had taken a skeptical approach that I was wrong and became actually convinced otherwise in their research.  So there were a number of things that happened and so Storm World…

AP: Chris Mooney

KT: Chris Mooney, that’s right.  He had picked up on this and did a fairly good job on a lot of aspects of this.  He decided to make Carrey Emmanuel (?) the hero I guess, rather than myself.  And Carrey (?) is more of a hurricane expert but not so much of a climate expert.  And he also made Bill Gray the counter-hero, so to speak.

AP: I thought you were kind of like a peripheral hero.

KT:  Actually there was a period of time where I was standing out there all by myself holding this banner.  It was quite a difficult time for a while.  What was very disappointing for me in that book is that the IPCC report was written, I was the coordinating lead author on the chapter that dealt with changes in hurricanes, that was all approved, there were statements made by IPCC related to changes in hurricane intensity and so on that were very much along the lines of what I had said, accepted by the US government and others around the world.  In many cases, I felt like I was vindicated but that never ever came through in the book. The book was published maybe a little bit too early to really capture that aspect, but the full moral of the story never quite came through.  Last year in July I had an article published in Scientific American which also dealt with all of these issues, so it also dealt with trying to educate the more generally scientifically interested public on aspects of this.  I could give you a reprint if you’d like.

AP: Oh yeah, that’d be great, thank you.  Help me to understand this a little bit, because most of the climate scientists I’ve been speaking to have said, when we’ve talked about problems with public perception of what’s happening with climate change, many of them have said you can’t point to a specific event and say “this is global warming.” So help me to understand how global warming is affecting these hurricanes and how the public maybe can understand these effects.

KT: We get asked that question, you know “is this natural variability or is this global warming?”  Neither of those are well posed questions: they’re actually the wrong question.  I would say nowadays every storm has a component from global warming and every storm has a component from natural variability.  You can argue a little bit about the balance of that, but in the case of storms, in the case of hurricanes, the things that have changed are the outside temperatures.  In the case of hurricanes, the things that matter are the sea temperatures.  The sea temperatures are one degree warmer now than they were 35 years ago, and that is due to global warming.  The water vapor in the atmosphere is 4% higher now than it was 35 years ago.  Again that is due to global warming.  The water vapor in the atmosphere and the higher sea temperatures—the higher sea temperatures in where the water goes into the atmosphere evaporates from—so the combination of the two means there’s more water vapor that is available for these storms, for every storm.  A storm reaches out and grabs the available water vapor, sucks it in, concentrates it and dumps it down in the form of very heavy rainfall.  A hurricane is typically raining over an area up to around 400 kilometers from the eye of the storm.  We’re working in kilometers rather than miles, you can convert it if you like.  If you look at a satellite picture, you see the storm and the radius of it is something like 400 kilometers at the most, but it turns out the water vapor that is spiraling in through these spiral arm bands into the storm comes from 1600 kilometers away—that’s what we’ve been able to demonstrate with the work  we’ve done.

AP: Really?  That’s fascinating, wow.

KT:  You can work that out very simply from the amount of water vapor that’s in the atmosphere and the rate of evaporation.  The rate of evaporation typically in the tropics might be five millimeters per day.  In a big rainstorm in New Orleans, they had 12 inches of rain, in Katrina they had 12 inches of rain in New Orleans when the storm went through.  The rainfall rates that were actually measured in Katrina were in excess of 20 millimeters per hour.

AP: Oh, wow.

KT: 20 millimeters per hour.  You’ve got on average, over a factor of ten difference of the rainfall rates versus the evaporation rates.

AP: So all that water is coming from the air.

KT: Yeah.  The only way you can actually supply enough water to produce this deluge that we observe to be happening is to have the water coming in from much larger area than simply being evaporated locally.  So that’s the sort of work I do relating to water.  Where does all this water come from?  This means if the environmental water vapor is higher…

AP: More available.

KT: It means it gets concentrated more and it rains harder.  If it rains harder, it also means the heat that went into making that water, the transition from water to water vapor, when it condenses that heat goes back: we call it latent heat.  That provides the fuel for the storm.  This is the basic argument, that what we have been able to do for example with this paper here, which happens to be sitting just for the sake of the recording right on top, if you just read the last sentence of the abstract, is to suggest that in fact every storm has an increase in rainfall in the order of 6-8% because of global warming and because of this increases water vapor in the atmosphere, and so 4% is because there is more water vapor and the rest of it is because of the changes of that water vapor, the extra heat that’s available.  What it does to the intensity of the storm is to make it bring in even more water vapor.  If it were completely efficient, it would sort of double it, it would give you 8%, but maybe you lose a little bit along the way.  We’ve got published work now that actually says “ ‘is it global warming?’ is the wrong question, but what this means is the case of New Orleans is that about one inch of the rain that fell you can blame directly on global warming, one out of 12.”  It doesn’t mean that global warming was the dominant component, but it was non-trivial.  That’s the sort of thing that, in the case of the levees…

AP: That’s the first direct correlation I’ve heard.  That’s really fascinating.

KT: Right, so that’s the perspective I have on this kind of thing, and that’s a part of the education process, to get people to think about it in the right way.  I think we can demonstrate that now.  If global warming is happening as the IPCC has said, then everything that is going on is going to feel the effects of that in some form or another.  It can be overwhelmed at individual times by what is going on locally.  We had a certain amount of that this winter with this large La Nina event.  That changes the weather patterns, and any year at any location things like El Nino and La Nina or some other local effects can overwhelm the global warming signal.  You’ve this global warming signal that’s changing the background, and the variability, you’re varying about a different background than you used to, and so you can still have values lower or higher, but you’re really working from a different base than you used to be. 

AP: I see.  Some meteorologists talked to me about the troposphere expanding, becoming higher.

KT: Yes, right.

AP: And that’s also having an affect on the size of these storms. Is that true?

KT: Right, that’s correct.  The intensity of these storms is actually sort of related to how warm it is on the surface and how cold it is on the top, because what happens in the storms is you have an evaporation at the surface which is transformed into heat, and how do you get rid of that heat?  The heat causes the air to rise and the greater it can rise, as it rises it expands and cools because it’s moving into lower pressure, there’s less air up there.  It expands and it cools, and ultimately it has to get rid of this heat somewhere.  That’s the other part of my research relating to energy, which relates also to the second paper a bit more: where does the energy go?  Some of it radiates to space, some of it gets transformed into temperatures elsewhere and gets moved around to higher altitudes, and then it can radiate to space.  It’s that temperature difference between the surface and the tropopause which is one of the better indicators as to what the intensity of the storm is.

AP: Is your work at all related to what I’m hearing as the big open question about global warming and climate change, how clouds and precipitation affect warming…

KT: It’s more directly related to the precipitation.  Clouds are a very tricky issue, both from the standpoint of what the affect of pollution aerosol is on clouds, and whether clouds are amplifying or limiting global warming in some fashion.  That’s a major question in regards to models and the projections in the future.  To the extent that models disagree, it’s mainly because of the way in which they do clouds more than anything else.  That’s a major research question which we’re beginning to think we can get some sort of a handle on.  There’s some new observations from some new satellites NASA’s flying called CloudSAT and Calypso.  Calypso deals more with the aerosols.  CloudSAT deals with clouds.  There are new observations that help provide insights into these kinds of things as well.

AP: Yhe storms themselves don’t necessarily have a cooling or warming affect or anything like that?

KT: Well, storms are an integral part of the climate system.  They move heat around, they move water around.  I mean, that’s why we have storms basically.  We have storms in the tropics, and hurricanes, and one way of thinking about it is in these two papers here, maybe my Scientific American article will help explain that a little better.  The storms are an integral part of a way of getting heat out of the ocean.  In the tropics, the sun is beating down, there’s plenty of heat—it mostly goes through the atmosphere, into the ocean.  So the oceans would keep getting hotter and hotter and hotter unless they could get rid of that.  The way they get rid of it is evaporation—it’s evaporative cooling.  It cools down the ocean but puts more moisture into the atmosphere.

AP: Just like your body.

KT: Yeah, that’s how the body works.  How does the temperature of the body stay so constant?  It’s remarkably constant—98.4 degrees or whatever it is. It’s mainly because of the evaporation of moisture from the surface of your skin.  It’s a remarkable regulatory thing.  It’s the same thing wherever you go on the surface of the planet: water is the main way of regulating temperature, so if the sun is shining down and there’s water lying around, the heat from the sun goes into evaporating moisture.  When the puddles dry up and the ground gets dry, that goes into raising temperature for the most part.  Over the oceans it’s always wet, so the heat comes down—a lot of it goes into just evaporating moisture, but the moisture then gets caught up in storms, it gets carried to higher latitudes eventually where it rains out, and then ultimately it gets radiated back to space again, but over land in places where you run out of water like in the desert southwest or if you have a drought in Atlanta or something as they had earlier like this picture here, there’s no water available, so all of the heat goes into raising temperature.  That’s when you get your biggest heat waves.  The first thing to remember about the heat wave in Europe in 2003 which killed over 30,000 people, is that leading the heat wave was a drought, and it was a substantial drought throughout that region of Europe.  The conditions were there to make it stay warm, but the heat goes into raising the temperature.  It’s the same thing if you go for a hike in the mountains and you forget to take your water bottle, you can get sunstroke.  It’s because there’s too much heat and your body can’t deal with it, and it starts to no longer run a temperature.  It’s the same sort of process but you’re working with planet earth.  This kind of imagery I’m creating here, I’m hoping this helps you as an artist.

AP: It’s lovely, yeah.

KT: Because it’s the sort of thing you can, you know, drawing an analogy between the human body and the planet earth and the way in which it regulates temperature for the most part.

AP: So what is, and again this is probably not the right question to ask and please tell me what is, what is to you the biggest danger now in what’s happening in global warming? We’ve talked about increasing storms, we’ve talked about drought, what are you seeing just from your—because I know as an IPCC person you probably see all the research or at least lot of it.

KT: Right, so global climate change is happening, global warming is happening.  There’s a lot of talk going on about cutting down on emissions and limiting this or even stopping this from happening.  I’m all in favor of doing what we can in that regard, but I don’t think it’s going to stop global warming, I think maybe it can slow it down.  A major issue is that we’re going to have to live with some of these consequences, and what then are these consequences?  I think the biggest consequence actually is related to water and water availability, increasing drought and increasing intense rainfall events.  To someone who hasn’t thought about it or had enough background, it seems ironic—how can you have both increased dry and increased wet?  It comes back to the intimate nature of rainfall.  A continuous process is the sun shining down, at least during the daytime, the heat is coming in, and if there are more greenhouse gasses in the atmosphere there is more heat available.  In that sense, global warming really means global heating—so where does the heat go?  A good portion of that heat goes into evaporating moisture at the surface as long as there’s water lying around, or even if there are plants—the plants dry out a bit more so they can get stressed more readily.  As a result, there’s more evaporation going on all the time, there’s more drying.  If you don’t have rainfall, a drought sets in more quickly, it becomes more intense, it lasts longer.  We’re seeing that happening around the world, but because of the increased drying putting more moisture into the atmosphere, in the places where the moisture is transported to in the gathering storms where storms reach out and grab the available water, it is more concentrated and there’s more water vapor in the atmosphere.  It actually rains harder in the places where it’s raining, or you get bigger snows.  We’ve seen some of that in recent times in Colorado.  Where are you from?

AP: Oh is that true?  I’m from New York.

KT: New York, so…

AP: I know about the last year here in Colorado, that there was quite a bit of snow.

KT: We had a lot of snow this year in December, last year we had some major snowstorms in December.  Normally in Colorado we get our major snowstorms in November and March.  Then in December, January, and maybe to some extent in February, one of the sayings is it’s too cold to snow.  That doesn’t mean it’s too cold to snow at all, but it’s too cold to get a lot of snow.  You get this diamond dust, very light snow, but there’s not enough moisture in the atmosphere for a lot of snow because for every degree Fahrenheit, the rule of thumb is for every degree Fahrenheit the atmosphere can hold 4% more water vapor or 4% less.

AP: That much?  Wow.

KT: So what happened last year is we got this storm. Normally in December the minimum temperature is around 17 to 20 degrees Fahrenheit, and the maximum temperature might be 40 or something, there’s a very large range, but we get upslope conditions here such as we had just recently in the storm that went through.  The clouds come in, they block out the sun, and it doesn’t warm during the day, so you get locked in to the temperatures at night, somewhere around 20 degrees.  If you have snow in December or January the temperatures are typically around 20 degrees, but last December when we had the storm the temperature was around 30 degrees, 10 degrees warmer.  What it meant was that the atmosphere had 40% more water vapor in it.

AP: More snow.

KT: So we got dumped on.  In December there’s not that much sun, so it lasted for quite a while. You get the biggest snowstorms at the beginning and the end of the season, not the middle of the season typically because that’s when the atmosphere is holding more of the water vapor.

AP: When it’s warming up.

KT: It has to be cold enough so it’s below 32 degrees, but if it’s too cold the atmosphere can’t hold enough water, and it can snow for quite a while but it’s very light fluffy stuff.  If it’s closer to 30 degrees, you can really get heavy stuff, and that’s the stuff that’s really damaging.

AP: Well, when you say 4%, is there like a maximum water vapor that the air can hold?  I know that water vapor then is a greenhouse gas that can cause more warming.  What’s the maximum that it can get up to?

KT: Well, not really.  I mean, ultimately when you get up to the boiling point it can be all water vapor.  That’s what happens—when you’re at the boiling point or when you put your pot on the stove and you warm the temperature up to the boiling point, then all of the water will evaporate and go into the atmosphere.  You can have an atmosphere that is 100% water vapor.  If it’s warm enough, it has to be really hot.

AP: So there’s no limit.

KT: Not really no, but you’ve probably heard the term “freeze dried.”  That’s an expression which is used, and basically that’s what happens in the atmosphere when you cool it off, and that’s what happens when you use air conditioning.  In that case, it’s because of the change in pressure in association with the pump in the air conditioner.  If you go out and look at your car when you’re running the air conditioner, you’ll find a pool of water under it, and that’s because in the process it’s caused the water to condense out.

AP: Tim Flannery in The Weather Makers says that if all the fossil fuels in the earth were burned that the oceans would boil [laughs].  Quite an image.

KT: Yeah, I mean, I don’t know if that’s true because you’ve got other processes working in the other direction—radiation to space for example.  We’re at a higher elevation out here and there’s not as much water vapor above us.  Water vapor is a greenhouse gas, so we get a much larger range of temperature here than you would in New York. On a cloudy night, it doesn’t cool off as much either, but you go outside here on a clear night and you can feel the energy just radiating to space, that’s what happens. Radiation is a key negative feedback if you like.  That’s one way of getting rid of the heat, but if you’ve got a layer of water vapor you can’t radiate to space, and this is what happens in the tropics. You’ve got so much water vapor in the atmosphere, a greenhouse gas, you can’t radiate from the surface to space.  What you have to do is pump the heat from the surface, above the water vapor layer, and basically that’s one way of thinking about what a hurricane does.

AP: A storm, yeah, exactly.

KT: A hurricane takes the heat, puts it in the form of water vapor, gets it in the storm, moves it up in the storm clouds, and then turns it back into heat.  Then it’s above the water vapor layer and it can radiate to space.  That’s one way of thinking about it, is that it’s a pump first getting the strong winds and the heat out of the ocean, and second moving it up in the atmosphere and radiating it to space.

AP: So in one way these increased storms are kind of the Earth’s way of dealing with global warming.

KT: That’s right, that’s very much true, that’s right.  They can’t not change with climate change.  

AP: Right.  So just in thinking about climate, I wonder if you think that it’s necessary for the general public to change their idea about what climate is.  Just thinking about Hubert Lamb and defining climate as this center, this stasis.  You talked about how the center is now moving, and other people I’ve talked to have said “well, climate’s always been changing”…

KT: Yes, let me show you an example.

AP: Ok.

KT: This example actually relates to the heat wave in Europe in 2003, and it’s one of the best ways I have of illustrating this is a way.  Where are we here?  Umm…might take a second to load.  One of the advantages of Europe is that there has been civilization there for a long time, so you can actually take the temperatures back a long way.  We’ve actually got instrumental temperatures from the 1700s up the present.  You can get a really good perspective as to what kind of natural variability there is and what’s been happening more recently.  Here we go…here’s the actual record for central Europe.  This is actually from 1780 up to 2005 or maybe 2006.  You can see the year-to-year values.  This is for June-July-August, summertime in central Europe.  You can see the ups and downs on here, there’s a little bit of a cooler period in here and so on.  You can get a pretty good idea of what the natural variability is.  These are in degrees Celsius but you can easily get a temperature two, two and a half degrees above the average or a couple of degrees below.  The zero on here is from 1961 to 1990, this period of time here, so the average by definition is zero.  Then you come along and you see this value here: four degrees Celsius.  Nothing that you’ve seen before that would you think that this kind of a value is possible, but the thing that you can also notice on here, if I hit this, is that since 1970 or thereabouts there’s been a trend.  If you assume there’s a trend (this is the global warming component) then you have the natural variability on top of that.  Then you can see that this level of natural variability is one of the larger values here, so it’s still a relatively usual event in that sense, but it’s now riding on this different background here.  So this is what I said before, another example where you have a changing climate and natural variability on top of it.  It doesn’t mean every year is going to be up here.  Some of the years are still below this line or something like that, but this is our best understanding of what’s happening and the way to think about it.

AP: Sure, and if you look at 1950 until now, average that, then that would be probably half a degree higher than the zero.  So climate is really the average over a certain period of time.

KT: Yes, but climate also includes the variability.  

AP: Oh, it does?  I didn’t know that.

KT: Yeah. My background in dealing with a lot of things related to this actually come from El Nino.  El Nino lasts for up to 18 months or a year, but it’s a climate event in relation to how you define climate.  Some people say “climate is average weather” or some kind of an average, but from a physical standpoint we think of climate as something more than the atmosphere.  The weather is what goes on in the atmosphere, all the weather phenomenon: the high pressures and the low pressures and clouds and things like that.  The climate is the atmosphere is interacting with the oceans and with the sun and with the land and with the ice and the snow.  So in El Nino, the ocean plays a key role, the El Nino warming in the tropical pacific.  It’s a climate phenomenon in the sense that it’s the heat form the ocean that’s causing the changes in the weather patterns, and it’s also very strongly coupled phenomenon, so it’s a weather phenomenon, but it only lasts a year.

AP: So it’s no wonder that definition of climate is a larger scale.  Is that what you mean when you say…?

KT: Not necessarily scale, but as I say it involves different that normal interactions of the atmosphere with other components of the climate system.  The other components are the oceans, the land surface, the cryosphere, all of the snow and ice, the rivers.  You can also include the composition of the atmosphere.  If you change the composition of the atmosphere, the carbon dioxide or the pollution, then that changes the climate.  If you change the sun, then that changes the climate.  If you change the Earth’s orbit around the sun then you change the climate, and that’s sort of why it happens naturally.

AP: Right, which I guess is the idea behind one proposal I heard that was on the table, to change the Earth’s orbit to change global warming [laughs].

KT: Well, put other stuff in the atmosphere—geoengineering.  Other people are talking about that, that’s true.

AP: What’s your take on that?

KT: I’ve written a paper on that. [laughs]  I mean, firstly, if you’re going to fiddle with the atmosphere, fiddle with the system, you better understand it and I don’t know if our understanding is fully adequate.  What we’ve been able to show is that if you put more aerosol, like at Mt. Pinatubo, into the stratosphere it indeed produces a cooling but it actually cuts down on evaporation everywhere so it actually tends to cause droughts on a more widespread basis. This article that I wrote in Scientific American was featured on the cover of Geophysical Research Letters.  Here we’re looking at two things: one of them is the overall measurement of the freshwater discharge from all of the rivers around the world into the oceans, and also the estimate of land precipitation. Mt. Pinatubo went off and the lowest values on record since 1948 (the year we can take this record back to) occurred at Mt. Pinatubo.  This created a pattern where it dried out around the world.  It’s a different kind of phenomenon than the droughts you get with global warming, but it cuts down overall on the amount of evaporation that goes on.  There are some hazards associated with that, but there’s a more fundamental aspect, and I’d like to tell the story.  I haven’t looked back and found this, but there’s a fable I remember from my childhood, about this idyllic place where they have very nice weather.  There was a rope hanging from the sky, and if you pull the rope it rained.  If you pulled the rope again the sun came out. And so everything worked very well from a long period of time, but then the farmer decided he needed some rain, he went out a yanked the rope.  The town people decided they didn’t like the rain, so they went out and yanked on the rope.  They argued over this rope and they yanked on it and kept yanking on it and changing it from rain to sunny.  What happened?  The rope broke, and then they couldn’t do anything.  The key, the moral of the story, is “who controls the rope?”  That’s the ethical issue related to anyone who wants to change the climate deliberately, who gives the do-ahead?  What happens if the people in Russia decide they want it to be warmer?  Do they go out and change the climate to make it so it’s warmer, or does someone in Africa decide they want to block out the sun and make it cooler.  Who gets to decide on behalf of humanity?

AP: We in the US have been deciding already for people, as the biggest emitter.

KT: But at the moment what we’re doing with global warming is unintentional, a side effect.  When you do it intentionally you have to really ask these questions about who is in charge of the rope.  So you might want to remember that little fable.

AP: That’s wonderful, thank you.  I wanted to ask you about the ethical and moral implications, and your work with the IPCC, but I think before I do that I want to pose another question. You said, when we were talking about this geoengineering, you said “well, we don’t really know enough about the climate system to be able to safety do this thing.”  Well, here’s the question that you probably hear a lot: if we don’t know much about the climate system, why should we be doing anything?  That is the big argument a lot of people are making: this is not reliable information.

KT: The question is, how much do we need to know?  We know enough that the planet is warming, what we don’t know is (is there another article over here?)…Here is one that is related to the fact that the climate is changing and we’re going to have to live with it.  One of the questions that they’re posing here is that this is the actual pattern of change, the change from 1901 to 2005 of the temperatures around the world, and as you can see, it’s been warm.  The grey spots on here are inadequate data, but the blue spots on here—right here and here—are where it’s actually cooled.  This area of the southeast part of the United States has actually cooled.  Why has it cooled in that spot?  Everywhere else it’s warming up.  It’s that aspect of things—

AP: That’s what we don’t know

KT: That’s what we don’t know, is the regional aspects of climate.  If you want to do something, will it have the desired effect in the place you want it to have the desired effect?  All of those details become very important, and this relates also to the whole question about adaptation.  What are you actually adapting to?  It turns out, in the southeast because it had cooled through this period, but then this is the same period you might recognize as to where this drought happened last year because they has some record-breaking heat down there last year as well.  What happened was that the pattern of change in atmospheric circulation that brought this about relaxed last year.  It’s related to this La Nina that’s going on.  That’s a very important aspect that we need to understand better and be able to predict, actually—that’s the challenge we put forth here. 

AP: So you’re involved with the IPCC you’re involved with this consortium of scientists that are putting together research and then, I’m hesitant to say, making policy recommendations.

KT: No, we don’t make policy recommendations.  We put forth the options, that is especially what they do in more working group 2 and especially working group 3, is they say “if you do this, we expect this would happen.”  The IPCC can outline options and say “if you do this we will expect that this may happen” but it’s a value judgment, it relates to all the other factors: economics, the poverty, all he other factors around the world, the equity among nations, the equity among nations, all these kinds of considerations that come into play.

AP: So I wonder if you can speak to the reasons that you’re involved in the IPCC—I mean, it’s controversial, it can’t be that fun all the time [laughs].  Do you have a sense of responsibility as a scientist, do you think that is changing now because of what we’re seeing with climate change, do you think the scientists role in society is changing?  I wonder if you could speak to that.

KT: Well, firstly, I probably think about this more internationally than most people because I come from New Zealand. I’m living in the US, and so I probably have a more global view of these things than most scientists do, but from the standpoint of the IPCC it’s actually a scientific endeavor.  The volumes that are produced - this is our chapter here, it’s over a 1000 pages, this is an encyclopedia of information that is used by scientists and is greatly respected.  One of the things that it forces you to do as the lead author on this, is to become current with all of the literature.  Normally you concentrate on your own little set of topics, and scientists are normally insular, they’re experts on relatively small areas.  By doing the IPCC you become much more aligned with a whole lot of other areas, and you’re forced to become more of a generalist in some sense.  At my stage in my career, I think that’s probably what I am.  A generalist is someone who knows everything about nothing, as opposed to a expert, who knows nothing—sorry, is that right?  An expert knows everything about nothing, right?  Whereas a generalist knows nothing about everything.  

AP: [laughs] So what’s the benefit of generalists?

KT: Well, it helps to synthesize everything together and so I’m playing a role now, doing that nationally and internationally, I’m involved in committees, for example The World Science Research Program, trying to set priorities for what research gets done and what is needed in order to help advance these things. The fact that we’re doing science and having fun doing science and that it’s actually important and socially relevant is an extra bonus. 

AP:  I spoke to one scientist in particular who talked about how education programs in universities are changing, that they’re starting to have programs on how to speak to the public about your research or how to speak to journalists and those kinds of things.  Do you think that the role and the responsibility of scientists, even scientists starting now, do you think that’s changing because of these major issues that are happening now that everyone has to address?

KT: Part of this is probably as much an evolution of the media and the fact that you’ve got so many channels on television and they all have to fill them up somehow or another, and so there’s the news of the day and scientists find themselves being interviewed more frequently than they did in the past.  Many scientists are not very good at this, and a number of scientists have been burned in various ways because they stated things in the wrong way and then were misquoted and they didn’t like their treatment at the media.  I’ve seen some scientists who say “I’m never doing that again” or having that kind of reaction.  So it is helpful if people have some kind of training or education on how to deal with the media and how to express things, but practice makes perfect in some sense, so I’ve done quite a lot of it.  I gave 28 public lectures last year.

AP: So you would recommend to young scientists to do that and not to shy away from getting their information out there?

KT: A young scientist I would be a bit cautious about.  I mean, it’s a good thing for a young scientsts to do but it can be very distracting and it can take actually quite a lot of time.  A young scientist is still in the stage where they have to become an expert of something, and that’s sort of the thing that we do here, as mentors for young scientsts.  You know the first thing is you have to become known as an expert in something, and they you an broaden out and do these kinds of things more often, but if you don’t have any credentials and you’re not an expert in anything, you’re not going to be asked in the first place.  It relates to how a scientist’s career involves, in fact.

AP: Let me ask you about kind of the flip-side of that.  Many of the scientists I’ve talked to have said they always try to remember they’re employed by the public.  What do you see as the public’s responsibility in understanding science and understanding these complex issues that now it seems we have to play a role in trying to solve?

KT: Well, this is one thing, this is why I give so many lectures.   I think there is a major educational task ahead of us, and indeed the public is not very well informed about a lot of these things and they’re often misinformed, and there are some deliberate disinformation campaigns that have existed. That makes it difficult.  What was the question?

AP: What would you like to see the public doing more in terms of engaging…

KT: When I’m giving my lectures I say there’s two things that you really ought to worry about: the first thing is that the climate is changing and sooner or later it’s going to affect you one way or the other and you won’t just be reading about it on the news, that it happened somewhere else.  So you should pay attention.  The second thing is that congress is going to pass legislation, Colorado is passing legislation, that is going to affect you because of climate change, and you better pay attention there and make sure they pass the right legislation. I try to use those two messages to make it personal and say “you better watch out because you’re going to be affected one way or another.”  I don’t have confidence that politicians are necessarily going to do the right thing [laughs].

AP: Do you see dealing with climate changes as basically a scientific issue or an issue of our culture?

KT: Science informs the situation, but in terms of what you do about it, that’s a major value judgment.  That relates to all those questions I mentioned before, it’s...the US versus China or versus Africa—it’s the equity among nations.  Why shouldn’t Africa have their opportunity to be wasteful and burn a lot of coal and generate industry, or who’s to say China shouldn’t be able to bring electricity to all their people and have a better standard of living, I mean, it seems like an admirable goal.  It’s seems like the problem is that also focuses attention on population.  China has taken the position, and India, that they think they’re doing fine as long as their per capita emissions are less than they are in the US.  That may be fine from their standpoint, but then there are so many people that if they had the same standard of living and the same wasteful practices we have in the US it would be disastrous for the planet.  Those kind of value judgments come into play, but one of the biggest ones is the value judgment: equity among generations.  What kind of a planet are we leaving our children, our grandchildren? 50, 100 years from now this planet could actually be a very different planet, and a lot of the different ecosystems and ecology could no longer be viable.  That could be an awful mess, and yet I think we’re stewards of the planet and we have an obligation to look after it.  It’s not that climate change is necessarily bad, but if it changes too rapidly it can be very disruptive, and that’s really one of the main downsides of it.  Climate has always changed in the past, at the moment we’re changing the climate 100 times more than nature would change it.  Our ability to deal with that and in particular the ability for the ecosystems to deal with that is limited.  You can see major die-offs and devastation occurring in a number of areas as a result of this.

AP: I understand that the IPCC is doing actual economic analysis and social analysis measuring what will happen and how people will respond to it.  I know there was this study about what would happen to the economy…

KT: You know, the economy is one part of it, and this relates also to the value judgments, what value do you put on a human life?  What value do you put on the quality of life that people have?  Economists tend to put numbers on these things.  I’m inclined to object to that.  This is where some of the fuss that occurred over Nicholas Stern’s report in the UK,  he assigned different values for the future generations compared to what many economists have done in the past, and that’s where some of the disagreements have occurred.  You get a rather different set of decisions if you do that kind of thing.  It highlights the nature of some of those assumptions.   Predicting how people will respond is a very tricky business. You can see that if you’re trying to predict what’s going to happen in the next election, or the last election.  There was a very small difference whether Al Gore became president or whether George Bush became president.  It’s only a few votes or maybe only one vote in the Supreme Court that made all the difference, and suddenly you have a very, very different outcome.  The whole way in which you look at this kind of thing, I don’t know how you can predict that.  That’s an aspect of social science which I am trying to deal with but which seems difficult at the moment.  We’ve only got a few minutes by the way.

AP: Just a quick question: so you see social sciences playing a role?

KT: Oh very much so, indeed.

AP: And is that already happening?

KT: That is already happening to some extent.  There are bridges to be built between social and physical sciences.  We have that happening a little bit at NCAR, but we find that even there, there is a lack of understanding or appreciation of what one can do for the other.  It relates to the fact that the sciences tend to be relatively narrow, and different approaches, the social science approach to doing things and so on, the fact that they don’t have laws of nature to fall back on means the way in which they do it in a lot of ways is so much more empirical.  They do tests or do surveys and ask people, and the question is would people do what they say they would do in the survey anyway. 

AP: Yeah, I’ve seen some virtual modeling of human behavior.

KT: Yeah, people try to do that.  But a lot of physical scientists say “oh, well, this is not very good science” or they don’t have very much respect for it.  It’s a very difficult thing.

AP: Well, since we are running out of time, before we end is there something that you would like to speak to, that you feel like maybe we didn’t cover adequately?

KT: Well, the main thing relates to that little article there, which is that climate change is going to happen, we’re going to have to live with it, we ought to plan for it and do it in a way that tries to minimize some of the potential of disruption that could occur, and I don’t see enough of that happening.  That’s one of my bottom-line messages.

AP: Alright, thank you very much.

KT: You’re welcome.
