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Broadcast Meteorologist Briefing: TELECONFERENCE

ON TUESDAY, OCTOBER 7, 2008

AT 2:00 P.M. CENTRAL TIME

OPERATOR:  The following teleconference is recorded for Resource Media  on Tuesday, October 7, 2008, 1:00 p.m., Mountain Time. 

Excuse me everyone, we now have all parties in conference. Please be aware that each of your lines is in a listen-only mode. At the conclusion of today's presentation, we will open the floor for questions. At that time, instructions will be given as to the procedure to follow if you would like to ask a question. I would now like to turn the conference over to Bob Corell. Mr. Corell, you may begin.  

BOB CORELL:  Thank you very much, and we welcome you all. We're delighted you could join us and talk about weather and climate extremes as we see them and get a scientific update on the most recent science and the consequences of them.


What we're going to do this afternoon is sort of split the time in half with an opening 25 minutes or so with some presentations from scientists who are intimately engaged in climate science here in the U.S., and then in the second half, if you submit questions orally to us, we'll put them off to somebody we believe can answer your questions. 


Some background information. As many of you know, there is a website, it's www.climate-extremes.com. There's a whole host of really excellent material that I think you might find useful to your viewers or your listeners from basic background and recent scientific development to four reports, some of which we'll talk about today. A USDA report that talks about the effects of climate change, second a report from NOAA on weather and climate extremes, an EPA report and, more recently, some words from the White House that talk about climate assessment. So those are all out there on the web, along with some PowerPoint presentations that will kind of go along with some of the presentations from our panelists.


I would note that shortly after this is completed, on the website you will find an audio version, an MP3 file of the entire one hour session and as soon as we can thereafter, sometimes it takes as much as a day or so, there'll be a written transcript. So either pieces you want to pluck off and use in audio form or have direct access to the words in a transcript, they will be available. 


Our goal is to provide a forum for a conversation and an opportunity to hear some things, but most importantly, to raise questions and answers from us on recent scientific developments in climate change that we think would be of benefit and useful to you as you work with your viewers and your listeners. 


With that background, I want to let you know who we have together today. First, I'm Bob Corell. I'm at the Heinz Center, where I'm Vice President for Programs. With us we also have Dr. Kevin Trenberth from the National Center for Atmospheric Research. We have Gerry Meehl also from NCAR, the National Center for Atmospheric Research. Both of them have contributed to this NOAA Report, but they've also been very much involved in the Intergovernmental Panel on Climate Change. Gerry Meehl was the editor of (unintelligible). Kristi Ebi was a lead author of a report we'll talk a little bit about, with work with the World Health Organization, the UN Development Program. Dr. Peter Schultz is with us this afternoon. He (unintelligible) Climate Change Science Program. (Unintelligible) was affiliated with the National (unintelligible). We also have with us and a panel member is Paul Gross, he's chairman of the American Meteorological Society Station Scientist Committee.

KEVIN TRENBERTH:  Bob, you're breaking up.

BOB CORELL:  Kevin, I'm going to turn it over to you for the next five minutes. I'm going to go off and come back on the line. 

KEVIN TRENBERTH: I'm talking to you today from Boulder, Colorado where it's sunny after our first frost this morning. I thought I would start off by mentioning that there has been an increasing number of weather-related disasters around the world and this is especially true in the United States. Now, to some extent, that's simply because there are more people, and there are more people putting themselves in harm's way, such as coastal regions and flood plains, and that's partly because all the good spots are taken, of course. But it's also more than that. In other words, there is a weather component to this. Now in the IPCC Report, the statement was made that warming of the climate system is "unequivocal and it is very likely due to human activities" and that language was passed unanimously by over a hundred countries at the IPCC inter-governmental meeting in Paris in January 2007. Both Gerry and I were there.


This means that global warming is really pervasive and in fact it changes the way we think about this because it means that global warming in fact is affecting every aspect of the weather to some degree and so I thought what I would do is reflect on some events over the past year, very quickly, and say what I think the global warming role might be, and we can come back and talk about these things in more detail a little bit later.


So in the past year, we've had this record low sea ice in the Arctic in September of 2007 by far, and it's closely followed by 2008 and that places polar bears and other critters in jeopardy. And that's related, of course, to more heat being available, but it also relates to amplifying effects of what are called ice-albedo feedback, the bright reflectivity being reduced in the ice regions. And also the ice vulnerability in 2008. The extra amount of first-year ice.


The second item is the wildfires in California. And so that relates to more drying, more what we call evapotransporation and making things vulnerable when there are heat waves. 


The third point is the extensive flooding along the Cedar River in Iowa and along the Mississippi. In the first six months of 2008 there were record heavy rains and flooding in Iowa and Ohio and Missouri. This comes about because there's more water vapor in the atmosphere, about 4% more, compared with say, 1970, and that affects all storms, including hurricanes. It invigorates the storms and leads to heavier rains. 


The fourth point is the record number of tornadoes and deaths in the United States in 2008. More water vapor in the air from the gulf, and that increases what we call the moist static energy, the energy available for these storms, which is both heat and moisture-related. And that destabilizes the thunderstorms. And that was helped in the past year by the fact that we had what is called a La Nina, a cold event in the tropical Pacific. So that affects the tracks of the storms across the United States.


The fifth point is that in 2007, for the first time, we had two category five hurricanes that made landfall in Central America. They weren't in the United States. And then this year we had the devastating typhoon Nargis in Myanmar, which is Burma. And there was a typhoon that hit the Philippines and these are sort of symptomatic of the signs of lack of adequate planning for these kinds of things, and we've seen that in the United States with Katrina, although a rather different situation this year with Ike. 


So in 2008 in the Atlantic hurricane season, we had Hurricane Bertha which broke several records for how early and how far east it formed and it's the longest-lasting July hurricane. And then Hurricane Fay made landfall four times in Florida, resulting in record flooding and so that indicates something about the lifetime of storms and how they can sustain that. And then Gustav caused extensive flooding, and then there was Ike, of course. So, so far, six hurricanes and 11 named storms in the Atlantic and two of those were category four storms.


And then the final point is on sea level rise. Perhaps that's the best single indicator of a warming planet. It continues at a rate of over a foot a century. About 60% of that is due to expansion of the ocean, from warming of the ocean, that we can measure separately. And about 40% is from melting of land ice, which includes the glaciers and the ice sheets.


So global warming is happening, and I often say in my talk, it's coming ready or not. And it's not just the threat for the future, it's already happening, and it's endangering the health and the welfare of the plant. And you may note that all those items I went through, none of them actually feature temperatures directly. They're related to ice and wildfires and flooding and tornadoes and weather phenomena, and things like that. And those are the aspects which are perhaps not as well understood, but we're more understanding is highly desirable. And I think I will leave it at that and move on to the next person.

BOB CORELL:  Thanks, Kevin, Bob Corell back. Our next briefer is Gerry Meehl. Gerry is a senior scientist at the National Center for Atmospheric Research in the Climate and Global Dynamics Division. And he's going to bring us up to date on a number of recent developments and I would note he was the lead author of the NOAA report that's out on the web. Gerry, it's all yours.

GERRY MEEHL:  Thanks, Bob. Kevin kind of covered observed changes of extreme phenomena. I'm going to talk about possible future changes and one of the things that people kind of wonder about all the time is you hear about warming is projected to be by the end of the century, maybe several degrees centigrade warmer over the U.S., and you figure, well, that's not a very big change. But I think one of the things to keep in mind is that when you have a fairly small change in average temperature, that translates into a fairly large change in the extremes of temperature. What that means is we have fewer extreme cold episodes and more extreme warm episodes. Now this doesn't mean that winter stops happening or we stop having cold snaps and it's just hot all the time. But what happens is we just kind of shift the odds for these kinds of events to occur.


So what happens is that in any given winter, say on average we have maybe three cold snaps in a winter at a certain location, maybe in 50 years we'd have only two or maybe one cold snap in a winter. We'd still have cold snaps. And conversely for temperature extremes, maybe in a given location we have maybe one or two heat waves in a summer, maybe in 50 years we'd have maybe three or four heat waves in the summer. So the same weather and climate phenomenon keep occurring but we just have a better chance for having less cold extremes and more warm extremes. 


One of the ways this translates into things that really affect us, affect our society, and affect the growing season length and agriculture, and other things, is changes in frost days. Frost days are defined as when the nighttime minimum temperature goes below freezing, if you can imagine that the average temperature is warming up we expect to have fewer nights when the temperature goes below freezing. And in fact, when we look at observations over the last 50 years we see that, in fact, there have been fewer frost days occurring over the U.S.. And it's kind of the pattern, it's actually been having fewer frost days in the western part of the country compared to the eastern part of the country, amounting to on the order of two to three days less now, than we had, say, in the mid-20th century, where the nighttime temperatures go below freezing. 


When you look in the climate models and we use climate models to simulate 20th century climate, and we put in the changes in greenhouse gases and changes in volcanoes and solar output and the combination of natural and human effects that have changed the climate over the 20th century, the models are able to simulate this pattern and about the same number of decreases in frost days, we get this west versus east pattern. In other words, greater decreases in the frost days in the western part of the country versus the east. We tend to see these changes in frost days more in the spring than the fall. And of course this has implications for growing season length and other things. But we look at the projections now and this is kind of a theme that will recur a lot in a lot of the projected climate changes. 


What we've been observing over the last half century or so, in terms of changes of extremes, are projected to pretty much continue on into the future, by the models. So the models are projecting for the future that we'll continue to see fewer and fewer frost days over the country, but proportionately fewer frost days over the western part of the country compared to the east.  And that's kind of just carrying forward this pattern that we've already observed over the last 50 years or so. 


Heat waves are another phenomenon that affect human society existence and wildlife, and of course can have all kinds of bad effects associated with them. What we see in terms of what the climate models were able to simulate for present-day heat waves is we — the models were able to simulate pretty much the pattern of intense heat waves that we already see. In the U.S. we usually get the most intense heat waves, southern U.S., eastern seaboard, upper mid-west, and south-western U.S., proportionately fewer heat waves than the Pacific north-west. Now when you project into the future with increasing greenhouse gases, we see that there's a pattern to the changes of heat wave intensity in the future, such that we get more intense heat waves kind of in the southern U.S. and upper mid-west, southwestern U.S., but also in the Pacific northwest. And that's kind of interesting because the models are projecting more intense heat waves in the Pacific northwest where we don't actually have a lot of heat waves now. So that would kind of imply a different kind of adaptation to these future changes in heat waves. 


Then when you talk about the patterns of these changes, in terms of both frost days and heat waves, this interesting pattern occurs over the U.S., it's not uniform everywhere and the pattern usually arises from changes in atmospheric circulation, and where the storms are going and where the winds are setting up. And this can be traced back in the models that we used to, actually the tropical Pacific, as the tropical Pacific has been getting warmer and it's projected to get warmer in the future, the precipitation in the tropical Pacific shifts around, the storm tracks over North America that affects where the storms go and from which direction the winds are blowing. And that seems to be preferential for more warmer conditions over the western part of the U.S. compared to the eastern  U.S. in the future. 


Another aspect of extremes, of course, are precipitation extremes. Precipitation extremes can also be understood fairly simply in terms of physically what's going on. And Kevin alluded to this a little bit, is as the atmosphere warms up, a warmer parcel of air is able to just hold more moisture, physically it's able to hold more moisture. So the warmer oceans are evaporating more moisture. That moisture is being held by the warmer air, you have greater holding capacity, the warmer air. So when you have a given storm occurring, you tend to get more intense rainfall or snowfall coming out of a given storm event, it's because there's more moisture available to be precipitated. And so when you look at a map over the U.S. say, of projections for precipitation intensity over the next hundred years, and intensity is defined as kind of the amount of rainfall or snowfall you get per storm event or per day, we see increases of precipitation intensity almost everywhere over the U.S. Of course this just follows fairly simply from the fact that the warm air is holding more moisture and you just get more intense precipitation for a given storm. 


But when you look at another map of changes in dry days. In other words, this is the number of days in between precipitation events, the number of dry days is projected to increase. Now this seems kind of counterintuitive. How can you have more precipitation coming out of a given storm, but the number of dry days increases? Well, what is projected to happen over most of the U.S. anyway, is that you get more days in between storm events, but when it does rain or snow, it's really dumping, you're getting a lot more rain and snow per a given storm event. So what it averages out to in terms of intensity and dry days, these two aspects of extreme, the average of that gives you the average change in precipitation over a season or over a year, and the average changes in precipitation actually are showing decreases of precipitation over kind of the western and southwestern parts of the country more preferentially than over the eastern parts of the country. But it's actually the combination of the extremes in precipitation that give us those changes in average precipitation. 


Well, I think that's all I was going to say about the extreme precipitation and temperature, and I'll turn it back over to Bob.

BOB CORELL:  Thank you very much, Gerry. I think you can see from these two short briefings the connection between what we're observing in the climate world and how it connects back into the everyday life of the weather, of people here in the U.S. and across the planet. And that leads me to introduce the next speaker, Kristi Ebi, who has been very active in the whole issue of climate and its impact on human health. She was the lead author for the IPCC on human health and she's going to talk to us about the impact on human populations, impacts on heat waves, etcetera, that takes some of the impacts that we've just heard from Kevin and Gerry and puts them into the human population to the planet. Kristi, welcome again, from Spain. 

KRISTI EBI:  Thank you very much, Bob and I really appreciate the opportunity to talk with everyone today. I just have two main points and I'll spend a few minutes elaborating. And the first is an incredibly obvious point, that extreme weather events affects human health. It's one of the reasons why we're having the call today. And it may affect human health in ways that people may not think about, which I'd like to elaborate on. 


And the second point is something that Kevin raised in the beginning, is that the impacts that are observed really depend on the local context. We do know that there's a whole range of populations who are at risk, for example, to heat waves. But the extent to which you'll see human health impacts depends on the demographic situation, how many people do you have in the particularly vulnerable groups. Does the city have a heat wave early warning system? How effective is the outreach from that system to the people who are most vulnerable? 


And so in thinking about how this information relates to your particular viewers. To think about your communities, and you know them much better than any of us do on the phone, and what information will help them undertake the most effective kind of actions. 


I was going to talk about heat first. We know that heat kills. Heat is the major weather-related disaster. Over about a 20-year period, there were about 8,000 deaths in the U.S. that were directly related to heat. Heat continues to kill, it will continue to kill into the future. And it also causes a whole range of impacts that are not as serious. People can have heat cramps, people can faint due to the heat, there's heat exhaustion, there's heat stroke which is much more serious. And finally, people can die in the heat.


The groups of people that are vulnerable include adults over the age of 65, fairly well recognized, young children. There's also a wide range of other people who are at risk during a heat wave. People who are physically unfit are particularly at risk. People taking a whole range of medications, there's quite a lot of medications out there that affect a person's ability to sweat, including some of the psychotropic drugs and drugs like some of the beta-blockers. And those people often don't recognize that they are at risk during a heat wave. Other groups, and obviously these groups overlap, but you've also got groups who are lower socio-economic status, they may not have access to air conditioning or it may be difficult to access air conditioning. They may not be able to afford to turn their air conditioning on. 


So think about the groups of people in your communities that might be most at risk and think about ways to try and communicate to them that they need to take action. Some of the research that's been coming out recently has shown some of the heat wave early warning systems in the U.S. have been evaluated. People have gone out and surveyed particularly folks over the age of 65 after a heat wave. And the results have come back that people do pay attention to what they see on TV, hear on the radio. And so awareness of a heat wave had been called actually is quite high amongst people over the age of 65. And in fact a fair proportion of people also can tell you what kinds of things need to be done when a heat wave has been declared. They need to drink more fluids, they need to go to a cooling center, they can go through the list and name a fair number of activities that have to be taken. 


But when asked if those same people, and these are people over the age of 65, were considered in the high-risk group, when these same people were asked, what did you do differently during a heat wave, about half of them say, nothing; that they didn't see that they themselves were at risk and so they didn't take action. So we need, as a community, to figure out better ways to motivate people who are at risk, to take the kinds of actions that need to be taken during heat waves. 


To move on now to extreme precipitation events. Obviously, wind storms, hurricanes, flooding, we've seen quite a number of extreme weather events over the last few years in the U.S. It's very clear that they cause significant problems. We know that it's both the urban and the rural poor who are particularly at risk. As we saw in Katrina, large disparities in who was affected by age and by gender, by gender and by race. Also, you see differences for people who had certain kinds of chronic medical conditions, who had mobility constraints. Again, thinking about the characteristics of your community and the people who might be most at risk. It's something that may not be obvious from the statements that came before, is that during extreme precipitation events, there's also quite a large increase in risk for waterborne diseases and there's been several major outbreaks of waterborne diseases in the U.S. following extreme precipitation events. So, if you are having an extreme precipitation event, it would be worthwhile to check with the local, or with the State health department, because they may have something that they would like to add about the risks of water safety. 


And finally, I'd like to touch on, it's not really considered an extreme weather event, but it certainly is becoming a bigger health issue in thinking about how weather affects health, is ozone, which is a respiratory irritant. It's formed on clear, cloudless days. And the rate at which it's formed is dependent on temperature. And if you've heard temperatures are going up, with higher temperatures, greater ozone and more people who are affected. Kids with asthma, people who've got chronic obstructive pulmonary disease, a whole range of people find ozone very irritating to the lungs and it can be really quite a problem. Another thing that we're seeing with increasing temperatures is that the seasons are changing. Seasons are becoming longer. And so we're seeing the pollen season start sooner. People are starting to see allergies earlier in the year than they did several decades ago. Both of these issues can be highlighted then at the perfect time during the season so that people pay attention, to gee, maybe I should check with my allergist on whether I should update my allergy medication or maybe I should refill prescriptions sooner in the year than I did before. 


And with that, I would like to thank you very much. I'm more than willing to answer any questions that people have.

BOB CORELL:  Thanks, Kristi, appreciate that very much. The final speaker is Dr. Peter Schultz, and he is the Director of the United States Climate Change Science Program, which pulls together the federal agencies who have scientific research programs, observation programs, assessment activities, across the federal government and working with the scientific community. He's going to tell us a little bit about that program and also connect us to a series of assessments that they were doing over the last couple of years that will help us get more detailed information about the consequences of climate change. Peter, it's yours.

PETER SCHULTZ:  Thanks, Bob. The Climate Change Science Program is the federal program responsible for coordinating climate research across the country. It's also responsible for coordinating the development of approximately 20 synthesis and assessment reports, and you've heard some of the findings in some of these reports.


I want to back up a little bit and talk about process and emphasize the development of these things and where they came from. Each of these reports was developed by panels of leading climate experts. They were reviewed by independent panels of experts. They're different than the authors. These reports are reviewed by the public. So there are multiple opportunities to check and cross-check the information that comes out of these. They lead to very solid statements of the consensus. The synthesis and assessment reports that are produced by the Climate Change Science Program are ultimately approved at high levels in the Administration and they bear the seal of the Executive Office of the President. 


Many of these reports have fed into other assessments and have built on previous assessments. The unique role of these products is that they're focused specifically on the United States. In May this year, the Program also released a report titled Scientific Assessment of the Effects of Global Change on the United States. This report combines information from pre-existing sources, such as IPCC, among others. And it addresses not just the causes and extent and expected future changes in climate, but it also tells us what the science says about the effects of climate change on a variety of different sectors, from things like health that Kris was talking about, to water systems, to eco-systems, to agriculture, to transportation, and so on. And I'll run through a couple of examples and conclusion from the Scientific Assessment.


First of all, North America is very likely to warm during this century and to warm more than the global average increase in most areas. The largest warming is projected to occur in winter over northern parts of Alaska, while U.S. coastal regions are expected to warm a bit less than the national average. Nearly all of the climate models that were assessed by the IPCC project that average warming in the United States will exceed three and a half degrees Fahrenheit, with about a quarter of the models projecting that average warming will exceed seven degrees Fahrenheit by the end of the century. 


And most of the same state-of-the-art climate models project an increase in winter precipitation in the northern tier of the states and a decrease in the south-west, the southern tier states. Just a general rule of thumb is that the wetter areas are going to tend to get wetter, and the drier areas are going to tend to get drier. The report also concluded that snow cover glacial expanse and sea ice cover are projected to continue to decrease as the climate warms. And some of these changes, it was mentioned already, the dramatic changes that are happening in the Arctic sea ice cover, but it's worth mentioning that there are other components of the climate system that are changing more rapidly than previous expectations. 


Kind of shifting gears away from the impact of climate change. One of the other surprises that's come out very recently, is that a recent report indicated that current CO2 emission levels exceed the highest central scenario from the recent IPCC report. 


Okay, but back on to the Scientific Assessment. It concluded that the resilience of many eco-systems is likely to be exceeded this century by an unprecedented combination of climate change associated disturbances, things like flooding, drought, wildfire, insects, ocean acidification, and other global change drivers, things like land use change and pollution. In North America, warming has generally resulted in, and is expected to continue to result in, shifts of species into higher altitudes. And stream and lake temperatures are expected to increase in the future and Kris also mentioned effects on water quality. The incidence of drought is expected to increase in some areas, particularly in the southern tier states. And some of those areas that are expected to be affected are already particularly vulnerable to a less reliable water supply. For example, in heavily used water systems in the west that rely on capturing snow melt run-off, such as the Columbia and Colorado River systems. 


At the same time as those changes are occurring, it's important to note that there are trends toward more efficient water use that are considered likely to continue in the coming decades. But even with that sort of trend toward greater efficiency in the way that we use water, across North America vulnerability to extended drought is increasing as the population grows and economic development create more demand, agricultural, municipal and industrial uses. And they often result in over-allocation of water resources and we've definitely seen that in the south-west.


Another point that comes out is that to date most discussions on energy and climate change have focused on mitigating human effects on climate. However, along with this role as the driver of climate change, the energy sector will be subject to the effects of climate change itself. So for example, peak energy demand in the United States is expected to increase and reduced summer flows of major rivers where hydro power is the major energy supply, will be affected. 


The report goes on to discuss climate effects on other issues, such as wildfires, coastal impacts, transportation and I won't go into details on this. And I'll just conclude by saying that the changes in the climate extremes that Gerry and Kevin talked about at the outset, are occurring against a changing backdrop, a changing climatic backdrop. So that even if we have the weather extremes that occurred in the absence of greenhouse warming, because they're occurring against that changing backdrop, their effects are exacerbated. So a specific case in point is the set of impacts on coastal regions from increased storm events. Since that's occurring against a backdrop of rising sea levels. So climate change may, in some cases, not be the primary cause of the impact, but it may the straw that breaks the camel's back. And with that, I'll turn it back to you, Bob.

BOB CORELL:  Thank you very much. And I want to pick up on one little comment you made about the emissions. About a week ago, the Global Carbon Project, which is an international project with scientists from all over the world, released the findings for 2007 and made the following observations. That since the year 2000 the anthroprogenic  CO2 emissions have been growing four times faster than they were even in the 1990s and as Peter just said, the concentration in the atmosphere now are above the worst case scenario that the Inter-governmental Panel on Climate Change has noted in its report since 2001, and more recently in 2007. Further, there's been a complete shift in the share of regional emissions that now more than half of the fossil fuel emissions are now coming from developing countries. And despite all this work we've been doing over the past 15 or so years of intense international climate negotiation, the atmospheric concentrations of CO2 in the atmosphere have been growing 33% faster during the last eight years than they were in the 1990s. So that kind of gives you a backdrop that not only are the reports coming in that you've just heard so well stated by our briefers, but we're operating in an accelerating world, at least as reported by these emissions. And Dr. Pep Canadell, who is the chairman of the Global Carbon Project, who comes from Australia, will have a set of slides about this which will be up on the website for you to look at and follow-up on. There's some very interesting ones, to say the least.


And now we're going to go to Q&A but before we do that I'm going to ask Paul Gross, who is the Chairman of the AMF Station Scientist Committee, he is a broadcast meteorologist with WDIV TV in Detroit, certified consulting meteorologist and certified broadcast meteorologist. Paul, you get the first question and then we'll open it to the floor. So please begin. 

PAUL GROSS:  Thanks to all of our panelists for taking the time to do this. At the AMS Broadcast Conference back in June in Denver, I got a good read on what my colleagues are looking for, and they want access to you scientists to be able to ask you questions. We saw that in our trips to NOAA and to NCAR and we saw that with our climate change panel discussion and Kevin you were part of that, and you saw what a very enthusiastic response we had from people. So thank you all very much for taking the time to do this. 


Now the question that I have, concerns a piece of information that we were given actually by one of your colleagues, one of the climate scientists in Denver. And that was, that obviously as you've already mentioned, we had a record ice minimum in the Arctic last year and this year we nearly matched that. We fell just shy of that record so it's the second lowest minimum. What the scientists were telling us in Denver was that the climate model for projecting a steady Arctic ice decline and then somewhere between 2020 and 2030 there would be an abrupt change, that's the term they used, an abrupt change and a very sudden loss of Arctic ice. And what the scientists were telling us in Denver was, now at that time, of course, we didn't know where this year's ice minimum would be, but they were saying that if we had a repeat of last year or anything close to it, that we need to start taking some good hard look at the possibility that this abrupt change that the climate models were projecting, instead of happening 10 to 20 years from now, could be happening now. So I'd like to get your response to that and if it's too early to draw a conclusion to this year's ice minimum or if this is indeed a red flag.

BOB CORELL:  Good question, and Gerry how about you taking the first crack at that.

GERRY MEEHL:  Yes, I think when you look at the average across all the climate models, when you average of course all of them they show a gradual decline of sea ice, which is connected to the increase in greenhouse gas in the atmosphere. When you start looking at individual models, there is the capability in individual models that shows sudden declines with a combination of warm temperatures, circulation and ice conditions, you can get sudden declines. And then it's harder for the system to recover from a sudden decline like that because then you get thinner ice formed the next winter and then it's easier to melt the next summer. And so I think from the climate modeling perspective, the models were reflecting this kind of decrease in sea ice and some of the models, actually, do show that there is the capability for sudden decline. But of course it's hard to predict exactly when these declines would occur. Some of the models were showing like you mentioned, like the 2020s or 2030s that you'd have this combination of warmer temperatures, thinner ice and then you'd get that sudden decline. It could happen almost any time, but I think the thing that was a bit surprising about last year's decline was that it happened a lot earlier than people would have thought. Last year, of course, was a combination of atmospheric circulation conditions, ice conditions and temperatures that contributed to that sudden decline. But then I think what we saw this year was that once you get that big a decrease in sea ice in one season like that, of course then it all refreezes the following winter, which it did last winter, but then that refrozen ice is thinner. It's a single year ice, so it's easier to melt the following summer. And that's what I think we saw this summer is that almost all of it melted back to almost where it was last year. So I think that the combination of atmospheric circulation, temperature increase, and ice conditions, can produce these sudden declines. But probably the alarming thing is, are the emissions going up faster than the scenarios were predicting. Of course the predictions are only based on economic models and other things that have their own uncertainties, but we could be seeing greater rates of ice decrease than the models had projected, simply because we have greater increases of greenhouse gases in the atmosphere and maybe Kevin has something else to say about that.

BOB CORELL:  You want to add something, Kevin, before we go to Q&A from the group?

KEVIN TRENBERTH:  Yes, just very briefly. Gerry's right. In March of this year, the first year ice was a record high, 73% of the Arctic basin. And in fact the estimate is, although these are not that good, is that the volume of ice in September of this year may well have been the lowest on record, and that's because it is thinner, even though there was a slightly greater extent than last year. One way of thinking about this is what happens to the temperature almost anywhere as you go from summer into winter. It's sort of the time of year we've got now. It's a combination of the natural variability and the overall climate trend but it doesn't happen gradually, it happens suddenly and abruptly, with a cold front coming through. And then you just never quite recover to the next level. And this is what's happening in the Arctic with regards to the sea ice, it's a combination, as Gerry said, of the natural variability relating to the favorable anti-cyclone and sunny skies last year, and in addition to the greenhouse-induced warming. 

BOB CORELL:  Thank you very much, both of you. Brandon, would you help us open the line for the Q&A.

OPERATOR:  Sure. At this time we will open the floor for questions. If you would like to ask a question, please press the star key followed by the one key on your touch-tone phone now. Questions will be taken in the order in which they are received. If at any time you would like to remove yourself from the questioning queue, please press star two. Again, to ask a question, please press star one. Our first question comes from Thomas Weybel, Storm Center Communication.

BOB CORELL:  Welcome, Thomas. 

DAVE JONES:  This is actually Dave Jones from Storm Center.

BOB CORELL:  Hey, Dave.

DAVE JONES:  I have a question, hopefully it's relevant to the whole group, and that is how do you respond to people like John Coleman who founded The Weather Channel, who says climate change is the greatest scam in history and he's amazed and appalled and highly offended by it. And then you get somebody like Sarah Palin who was interviewed during the debate and she says the changing environment will affect Alaska more than any other state because of our location, but she's not one who attribute it to being man-made. I'm just wondering how can we get the science community to equip the television meteorologists to have the confidence to respond when stories like this air, because typically these comments come right out of a break or they come right out and go right into the weather. And the TV meteorologist is left there either to agree with it or just to ignore it and move on. 

KEVIN TRENBERTH:  I can comment on that because there is large natural variability. There's a lot of weather, there's a lot of weather events that go on. And if you're looking only at the atmosphere, it's easy to be very strongly taken with that level of natural variability. But when we're dealing with climate we can also look at other parts of the climate system and the best single thing that I like to refer to, is the sea level. And the sea level rise. You know, sea level rise is going up at over three millimeters per year, since 1992, which is when we've had satellites in space with altimeters that can actually measure the global sea level accurately. And we can measure what that's due to. It's due to the expansion of the ocean, because the ocean is warming, and also the melting of the ice. And, there's absolutely no doubt whatsoever that that is happening. And so global warming is definitely happening and then we can look at these other symptoms like the ice and changes in flooding that Gerry referred to and so on. Some of these are well outside of the realm of what we can document as natural variability.

BOB CORELL:  This is Bob. I think the last comment is the one no matter how hard you try to get to the state of the climate system today without anthropogenic interference, you just can't get there. And the other answer is that yes, there is natural variability within the climate signal, but as IPCC says, quite clearly, certainly over the last half century, the dominant play, that is more than half of the effects are really from the greenhouse effect. It is a tough argument and I too have been faced with it. I think we just keep talking about it and let people know that the science continues to document that we are in a new realm, particularly after the mid part of the last century. Can we go to the next question.

KRISTI EBI:  Can I add one short thing to that, Bob?

BOB CORELL:  Sure. Kristi.

KRISTI EBI:  You can also have people think about their own experiences. There's a lot of people who listen who are gardeners and with absolutely no fanfare whoever it is who determines hardiness zones, last year changed all the hardiness zones in the U.S. because the temperatures are warmer. And so people, particularly older members of the audience will remember, you know, I grew up in Michigan, it's not getting the same amount of snow that it used to get. And so there is ways to have the audience themselves think about whether the statements that have been made are consistent with their own experience. 

BOB CORELL:  Brandon, can we go to the next question.

OPERATOR:  Our next question comes from Gene Norman of JHAOU Television. 

GENE NORMAN:  Yes. It's KHOU by the way in Houston, Texas, where we just experienced Hurricane Ike, which many people may have felt was a direct result of global warming. I expect the whole hurricane season has been a little bit odd because we had six storms in a row hit the United States. That's probably never happened, even though the total number of storms this year will probably be less than we've had in the last two years. But my question regards what is the influence of solar activity to global warming? Because, as you know, we have been in the last year or so, a solar minimum and there is a lot of internet chatter, websites and so forth, that tout this to being the counter-argument to global warming. 

BOB CORELL:  Gerry, do you want to start and Kevin want to back that up, I guess because you've been working on a number of the models on this. 

GERRY MEEHL:  Yes, this is actually an interesting question, What got me interested in this is we finally got to the point where the solar physics community was supplying to the client modeling community, reconstructions of solar output over the last hundred years or so. And that includes the 11-year solar cycle as well as some other possible changes in the kind of slower variations of solar output. And when we put those variations of solar output in the climate models, we actually see the climate models responding to that. We see changes over a lot of different time periods. And that actually when we put in the solar variability by itself in a model, we see that that contributed to some of the warming we experienced in the early part of the century. In fact, the conclusion from a lot of different modeling studies now is that most of the warming in the early part of the 20th century is due to natural causes. Most of it was due to an increase in solar output. So, indeed, we're looking at solar output and we're taking it in account in the models, but we don't see that the solar output over the last 50 has really changed the climate much. The dominant source of climate change over the last 50 years has been increased greenhouse gases from the burning of fossil fuel. So when you look at the 11-year solar cycle, of course you see a lot of other things happening and you see response of the climate system on the 11-year timescale. But even though the 11-year timescale cycle was going up and down, you have to look at kind of the net effect over say 20 or 30 years over a couple of different solar cycles. And so I think what we look at in terms of the climate, is the relative contribution of solar output in relation to this huge effect that the human increase in greenhouse gases is having on the climate system. And all indications are that the human-produced greenhouse gases are swamping almost every other factor that's going on in the climate system right now, including solar output.

BOB CORELL:  I think that's a good summary of what I've seen. Let's go to the next question, and thank you Gene.

OPERATOR:  Our next question comes from Richard Berler of KGNS TV.
BOB CORELL:  Hi Richard, welcome. Your question.

RICHARD BERLER:  I was noticing in the current bulletin of the AMSA, they were talking about how vegetation is perhaps the most interactive interface between the atmosphere and the subsurface and there seemed to be a lack of capability to successfully model the vegetation and vegetation change and vegetation change to a changing climate and how it relates to the hydrological cycle. And they seem to be saying that a lot of the modeling is one way. All aspects of the system aren’t communicating with each other. So the atmosphere is pretty much the driving force to everything, instead of allowing the whole thing to interact. So I was wondering about that. And my other question concerns that the climate system is a three dimensional aspect and so much focuses on the response of the two meter aboveground level temperature to any climate change going on. And I'm wondering if there's any way to quantify any change in heat in the volume of the climate system, ranging from the subsurface all the way up through the planetary boundary layer.

BOB CORELL:  Gerry, do you want to start with that one, particularly as we see it through the modeling. 

GERRY MEEHL:  Yes. This is something we are also concerned about in the modeling community. Up until now we haven't really been able to represent interactive vegetation effects very well in the models. This is a combination of there's not very many people that work in this area, there hasn't been, and so we haven't really developed that modeling capability up to the point of the atmospheric modeling which has a much longer history in weather forecasting. We don't have very good observed datasets going back through the whole course of the 20th century as to what the land, use and land cover change actually was, that occurred, was difficult to put it in the model. I was talking about putting in the solar variability and that only became possible when the sort of physics community was able to give us these reconstructions of the last hundred years. Vegetation is much more difficult to reconstruct to the historical record. Even with all that and the IPCC we had 23 models from around the world from 16 global modeling centers. Out of those models there were four, I believe, or four or five, that included changes in vegetation over the course of the 20th century. They were able to put together some kind of logical global vegetation cover and it was indistinguishable in those models and the other models as to the effects that those changes in local vegetation had on global climate. Of course, there'd be bigger changes when you get down to regional and local climate. But I think this is still kind of an open question and to address this the current generation of models we're putting together right now, they're going to be run over the next year or two, will have prescriptions of changing vegetation with time both in the past and going off into the future. And a number of models will actually have, start that interactive vegetation. In other words, vegetation that can respond to changes in precipitation and temperature. These things are going right now into the current generation of modeling. And I expect we'll have much better answers to this land use question in the next IPCC assessment to come out in 2013. 

BOB CORELL:  You want to handle the two meter question as well?

GERRY MEEHL:  Well, we look first, the models are three dimensional. We look through the whole depth of the atmosphere, the whole depth of the ocean. We look mostly at upper layers of the surface. And this is particularly relevant to changes in things like permafrost, which we can actually look at in the models, in most of the current models now. So when we talk about climate change, we're not just focusing just solely on the two meter temperature. That's the temperature that people relate to. That's what the media usually wants to hear about. That's what policymakers want to hear about. But from the climate science side, of course, we're looking at the full three dimensional structure of the climate system, including some of the subsurface soil quantities as well.

BOB CORELL:  Good. With respect to the eco-system question, Richard, there's an assessment that was completed here a year or so ago called The Millennium Eco-System Assessment, we call it the MA Assessment. I don't have the website but if you were to Google "Millennium Eco-System Assessment", it's probably the best connection to that whole question of current knowledge, largely from historical perspective, but also projecting into some of the things that Gerry mentioned in the upcoming models. The Millennium Eco-System Assessment. 

KEVIN TRENBERTH:  I just wanted to add one thing and that is that vegetation does get affected, of course, by climate and climate change. But vegetation is also greatly affected directly by humans through things like irrigation and farming and so on. And so there's a large amount of the landscape nowadays which is not natural in the sense that the vegetation is in step with the climate system. So that makes the whole problem a lot more difficult to deal with from the standpoint of climate modeling. 

PETER SCHULTZ:  And Bob there's a report that came out from the CCSP called The Effects of Climate Change on Agriculture, Land Resources, Water Resources and Biodiversity" that focuses specifically on the United States. Those folks on the phone might be interested in, it's climatescience.gov.

BOB CORELL:  Yes. Go to climatescience.gov and that report's there. Let's go to the next question, Brandon.

OPERATOR:  Our next question comes from Chris Farrell at WPEC PBS 12.

BOB CORELL:  Chris, welcome. What's your question?

CHRIS FARRELL:  Hi gentlemen, thanks so much for letting me participate in this phone call conference. This is awesome to be able to listen to you gentlemen. Of course, being here in Florida the hurricane capital it seems like, over the past decade. Most of our viewers, if not all of them, the most immediate question that they ask, given the opportunity, is what is the net effect force of global warming on the number and strength of hurricanes, you know there's some debate. Dr. Bill Gray has one camp, NOAA has another camp. And there seems to be some conflict but these past couple of hurricane seasons with Katrina and the Category Fives last year and the multiple hits in Florida and through the gulf and scattered all over the place, the sheer number and the increasing number of higher category major storms, it has more and more people, more and more concerned, that this is a phenomena that's just going to continue unabated in future seasons. Is there a direct link between global warming and the strength and number of hurricanes in hurricane season?

BOB CORELL:  Kevin, I'm going to let you take that one.

KEVIN TRENBERTH:   All right, yes. The general expectation with global warming is that there is more energy available for these storms to feed upon. In other words, the sea temperatures, the ocean temperatures warm up and that's the main fuel for hurricanes and tropical storms. Through the evaporation of moisture into the atmosphere and then that moisture fuels the storm as the precipitation occurs and gives rise to the latent heat release. And that's the fuel for the storm. So what you expect as we go into the future with global warming is that there is an overall increase in activity. Now activity can get manifested in various ways. It could be in terms of number of storms, it could be in terms of intensity, it could also be in terms of size, and it can be in terms of the duration, the length these storms last. And in fact we expect the intensity, the theory suggests that the intensity will increase and we're seeing a lot more Category 4 and 5 storms now than we have in the past. We're also seeing bigger storms, and so the size of the storms and Ike was one, for instance, that was a very big storm. And we're also seeing longer-lasting storms and so the storm Hurricane Fay in spite of the fact that it made landfall four times, somehow kept going and had a very long life this year, is one manifestation of that. Overall, in fact, we don't expect the number to increase. And one of the reasons for that is because if you have one really big storm, it takes more energy out of the ocean and there's much stronger winds and much greater damage than with say, two or three smaller storms. And so you can replace the effects on the ocean in terms of the energy it takes out of the ocean by one big storm versus say, three or four smaller storms. 


Now the other point I would make is that you have to be very careful that we shouldn't be too U.S. centric and Atlantic centric on this because there is a competition around the world between the Pacific and the Indian Ocean and the Atlantic Ocean, as to where these storms occur. And only about one year in five does the Atlantic really rear its head, and so 2005 was the bonanza year. This year is a pretty good year, but you don't expect it to happen every year in the Atlantic. Most of the storms occur in the Pacific northwest and affect the Philippines and China and Japan and so on, over there. And if there's El Nino, then there's a lot more activity in the Pacific than there is in the Atlantic. And the same thing, in 2007 there was a lot more activity in the Indian Ocean and that had an adverse effect in the Atlantic. And the way in which it has an adverse effect is it changes the atmospheric environment and it alters what is referred to as the wind shear. So the expectations that I was referring to before really only apply on a global basis and how that gets manifested, it's all caught up in the  natural variability and things like El Nino. 

BOB CORELL:  Very good. Brandon, how many names in the queue because I see we're coming up around our 60 minutes. 

OPERATOR:  We currently have three questions holding in the queue. 

BOB CORELL:  Okay, we'll take those and then we'll do a summary. The next question, please.

OPERATOR:  Our next question comes from Byron Morton of KOAC.
BOB CORELL:  Welcome, Byron.

BYRON MORTON:  Hello, that's for having me, I'm driving, so please forgive me for (inaudible).

BOB CORELL:  That's okay.

BYRON MORTON:  I'm driving to a climate outreach meeting, actually. But anyhow, well first of all, on the first topic that we spoke of about climate change and about how to explain it to viewers and get people to agree with the fact that it is man-made, that the consensus is that it is agreed that it is man-made. Would it be safe to say that we can say that because, or it's easy to point out because it is happening so rapidly and so quickly and that a lot of the changes that we have seen in the past, over climate history and the records that go back from ice core samples and such, show that the changes in the, I guess, greenhouse gases and things like that and the actual temperature changes, have occurred on more of a subtle basis rather than such an extreme and dramatic or drastic basis. That one, and then number two, real quick, more water vapor in the atmosphere thanks to the water temperature and more evaporation. Even though we have a Category 2 or 3 hurricane that may not from the Saffir-Simpson scale and that point of view, seem as intense, is it possible that because there's so much more moisture within these storms, or potentially more moisture within these storms, they can be more damaging in that respect. So that's my questions.

BOB CORELL:  Kevin, why don't you take this one?

KEVIN TRENBERTH:  All right, yes. On the first point, there is always natural variability. We hear this from geologists and others and they point out well, you know, there's been ice ages in the past and there's been inter-glacials and large fluctuations in the past. The thing which is often forgotten in there, is that those changes are occurring, on average, about a hundred times slower. In other words, what we're doing now to the environment is occurring at about hundred times the rate that it occurs naturally. So, climate change certainly has occurred in the past, but what we're doing is causing a very rapid change and therefore it's very hard to adapt to that. And in this sense, it's the change itself which is bad, and the rates of the change, not so much that the climate is necessarily changing to a worse climate. 


On the second point, with regard to the storms. Indeed, more water vapor in the atmosphere, you get 4% more water vapor in the atmosphere per degree Fahrenheit. Since about 1970, the sea temperatures over the global oceans have warmed up about one degree Fahrenheit and we can actually measure that there's been about 4% more water vapor in the atmosphere over the oceans. And so that fuels all the storms over the oceans. In the first place, it immediately gives rise to 4% heavier rainfall rates. But that also means that it gives rise to more heat that helps to drive the storms and especially the hurricanes. And so the storms become a bit more intense and in turn that increases the winds which bring in even more water vapor from outside, and so you can get up to about an 8% effect. Our overall estimate is that currently on storms it's about a 6% to 8% increase in the intensity and in particular in the rainfall that's coming out of these storms, than there was, say about 30 years ago. 

BOB CORELL:  Very good. We've got two more questions. Let's go to the next to last question. 

OPERATOR:  The next question comes from Gregory Fishel of WRAL.

BOB CORELL:  Hey, Gregory, welcome. What's your question?

GREGORY FISHEL:  Well, I had asked this question out in Denver, and I don't really think there was a time to get into it to any great length. But another one of the skeptical arguments has to do with looking at the ice cores and seeing that the temperature actually went up first and then the CO2 increase lagged behind it and that argument is used to put forth the argument that CO2 doesn't drive the climate, so why do we care about the CO2 concentrations increasing at the rates they are now. I just wanted to get a better understanding as to how to combat that argument. 

BOB CORELL:  Gerry, do you want to take the first crack at it and I'll fill in.

GERRY MEEHL:  Okay.

KEVIN TRENBERTH:  I can help on that, too.

GERRY MEEHL:  I think the ice cores are a great way to look at past climate because you can track the amounts of C02 in the air from the ice bubbles and the ice core. And you can also try to infer temperature from different records as well. It's difficult to match up exactly down to the year or even to the century, even to the kind of hundred century timescale exactly when those timings occur but you wouldn't expect them necessarily to synch up, because we know that it was variations in the earth's orbit and the intensity of the radiation as a result of these variations in the earth's orbit, that was driving the ice ages in the past. And so we also know that warmer oceans, just through biogeochemical processes, emits CO2 in the atmosphere, a colder ocean absorbs CO2 from the atmosphere. So if the driving force is actually earth's orbital changes and solar output, especially with those orbital changes, you would expect that the oceans would be warming and cooling in response to that change in solar radiation. And the oceans and the biogeochemistry would be responding and emitting or absorbing more CO2. So the CO2 is following the forcing from the orbital changes. What we're doing now is we've turned it around. Now we, as humans, are increasing the CO2 in the atmosphere. That's forcing the changes in climate, without any changes in orbit, without much change in solar input. So it's kind of two different things. But it is the consistent argument between them. 

BOB CORELL:  Kevin, did you want to add something?

KEVIN TRENBERTH:  Yes. So as you warm up the planet and those of you who have compost heaps will know that they shut down in the winter time and it's only in the summer time and as things warm up, that suddenly you get decay occurring and if it's wet, you get methane forming through anaerobic processes, and if it's dry you get carbon dioxide forming, and much faster decay. And so there is a direct response of temperature that affects the out-gassing, both from land and from the permafrost and from the ocean. They are greenhouse gases, though, and so presumably they have helped to increase the amplitude of the fluctuations from the glacial to the inter-glacials. In other words, they provide a feedback in the past, and as Gerry said, the difference now is that we're changing these in ways that are unprecedented in nature. And so now they're going to play actually a role in driving some of these changes.

BOB CORELL:  Gregory, thanks for asking that question. I think it's one of the important items I think. Both of them, particularly Gerry's discussion about the different mechanisms between the elliptical orbit, which really means the sun is driving it, and as you get further away, obviously you're going to go into an ice age. And now we're doing it at a more local effect where the greenhouse is driving the temperature. It's a good argument. It's one that's easy to set aside. Let's go to the last question.

OPERATOR:  Our final question comes from John Scalzi of American Meteorological Society.

BOB CORELL:  Yes, and it's all yours. You get the wrap-up question.

JOHN SCALZI:  Terrific. I sort of have two small, teeny questions. First, I misunderstood the moderator. I am actually with WWSB in Sarasota and my name is John Scalzi. Two questions. The first I guess goes to Kristi, when you were talking about the health effects of ozone in the surface layer. Now, as I understand it, the mechanism for creation of ozone at the surface and global warming are two discreet and different functions; one dealing with pollution and one dealing with climate change. Though there may be some sort of a feedback with surface ozone reducing plants and that leading to an increase in global warming. Am I to understand that there is also some mechanism in global warming that can increase surface ozone? 

BOB CORELL:  Kristi, are you still there?

KRISTI EBI:  I am. You said you had two small points, I was waiting to hear.

JOHN SCALZI:  Oh, the second one, I don't know if there's anybody that's doing hurricane research there, but Fay this year did kind of a crazy thing increasing in intensity as it moved over land. And the last thing I ever read about that, even over wetlands, was that surface roughness would preclude that, and I was wondering if there's any-.

BOB CORELL:  Okay. Kristi, why don't you take the first one, we'll let Kevin do the wrap-up question.

KRISTI EBI:  Great. So, yes, surface ozone is formed when you have precursors present. And the precursors can be naturally emitted from certain kinds of vegetation. But in cities, it's mostly emitted from tailpipes. So they're anthropogenic emissions. The question is‑.

JOHN SCALZI:  The question is, is there something in the mechanism of global warming that increases the amount of ozone at the surface. I thought that there was not, but is there?

KEVIN TRENBERTH:  Perhaps I can help a little bit, Kristi. It does relate then to the kinds of conditions that lead to ozone being formed, and there is, indeed, a suggestion that as global warming goes on, if you end up getting more calm spells, Gerry mentioned, the longer dry spells that are apt to occur and so there is a risk that there could be increased episodes of pollution and ozone outbreaks in the future.

KRISTI EBI:  It's also related to-.

JOHN SCALZI:  Due to inversions, or, is that what you're saying?

KRISTI EBI:  The rate of formation is dependent on temperature. And so if the temperatures go up, you do have more ozone.

JOHN SCALZI:  Okay.

KRISTI EBI:  Obviously there's other meteorological factors that are important, but what we use, particularly from the health perspective, is the critical part is the temperature. You can look at the rate of ozone formation across a range of cities and it's clearly temperature dependent. So obviously we're shifting temperatures up the scale and so we're seeing more ozone formation. 

BOB CORELL:  Kevin, do you want to do the wrap-up on the hurricane question?

KEVIN TRENBERTH:  Yes. With regard to hurricanes, you're correct that if there's a lot of land that comes into play, the surface roughness can disrupt the winds and disrupt the eye of the storm, and so it tends to fall apart. But the key thing is if you look at a storm from space, you'll see that the main clouds, the spiral armbands, and so on and the eye wall extend about 400 kilometers from the eye of the storm. We've been able to analyze the moisture that's flowing into the storm and the moisture that flows into the storms on average come from about 1600 kilometers away. So the actual overall circulation that's feeding the storm is actually over a very large area. And so in the case of Fay, where it was just over a relatively narrow piece of land in northern Florida, and also Wilma over the Yucatan Peninsula, there was still plenty of water vapor converging into the storm that can help feed it and manage to keep it going. So those are the counterfactors that allow that to happen.

BOB CORELL:  Good. Well, I want to thank Kevin and Gerry and Kristi and Peter and Paul, all four of that, Peter and Paul, for your contributions to this, what I call a telecom.  A couple of wrap-ups. First of all, I do have the Millennium Assessment website. It's www.millenniumassessment.org and that's where you'll get the background on the millennium eco-system assessment which was conducted during the early part of this decade, finishing up in 2005 or 2006, something like that. Second of all, remind you of the website for this telecom, it's www.climate-extremes.com. And shortly there'll be an audio version, an MP3 file that has captured this entire call. There will be a transcript. I would also note that the background information on all of the participants in this, and there's contact information, if any of you want to follow-up with anyone in particular. And if you have a general question, send it to me, which is a simple address: global@dmv.com. 


I just want to conclude by thanking all of you from the broadcast meteorological community. You are the face of weather and increasingly will be the face of climate to the public. You are an integral part of the transfer of knowledge and science to the public. I know you know this far better than we do, but we're very grateful for your being our partners as we try and move knowledge and understanding to a much broader audience. As we begin, or shall I say continue, to try and address seriously what this planet's going to do with reports that we heard from the Global Carbon Project that we're not only having difficulty, but it's an accelerating matter. I look forward to joining with you again at another one of these, and please do give us your feedback, both constructive suggestions about how to do it better, and most importantly, if you have specific questions contact any one of us. We're out on the website. And just remind you that there's a lot of background material, particularly four reports, and then as Peter suggested, go to the climate science program website, and there are a number of very, very directed reports to particular sectors of the U.S., particularly as they relate to climate change.


Thank you very much for joining us. I wish you the best day ahead, and that completes our telecom. 

KEVIN TRENBERTH:  Come on, Bob, you've got to say: "I'm Bob Corell, and I approve this message".

BOB CORELL:  I do, hey, I'm Bob Corell and I do approve this message. That's very kind of you, and I did forget to do that. And I apologize for the earlier technical problems we had. I think we got them solved. So I wish you all a good day and we look forward to talking with you again. Goodbye. 

GERRY MEEHL:  Thank you, Bob.
KRISTI EBI:  Thanks, Bob.

PETER SCHULTZ:  Bye, bye.
KEVIN TRENBERTH:  Bye, bye.
OPERATOR:  This concludes today's teleconference, you may now disconnect. 

