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Susan:

Thank you very much – a pleasure and a great honor to be here. I really want to express how inspiring it is, actually, to come to NREL and see this wonderful facility and all the great work going on here. What I’m going to try to do is very briefly, since we did start a little bit late, summarize the outcome of the National Academy Committee on Stabilization Targets, which I chaired. We had a very, very interesting statement of task, I thought – that what we were asked to do was to describe the type and scale of impacts that are associated with different ranges of greenhouse gases. So stabilization of greenhouse gases at different levels, what would that imply. What we did not do is to try to talk about which targets are technically feasible. 

Susan:
So, I’m really delighted that Doug is going to come after me and tell you how to actually make it all work. And we also avoided, of course, any kind of normative judgment on what targets would be the most appropriate. We didn’t view that as an appropriate thing for an Academy study. I should also note that geoengineering methods – any way to remove carbon or actively cool the climate – we didn’t consider that either. What we were doing was an assessment of the climate science and the climate impacts. So we had a fantastic group of scientists involved in this, with broad experience ranging from water resources to crops and physical science, to sea ice, ecosystems, ice sheets to statistics, and everything else in between. So it was really, in a very small group of people, just a really inspiring and wonderful group to work with.

Susan:
What I’m going to try to cover here are three points, and I urge you to have a look at the outreach document which is on the back table there, “Warming by Degrees,” which is a summary of the report for more information. The physical report itself is available now from the Academy. It can also be downloaded as a PDF off the Web. But the physical report is a really nice little book, too, which you can now get. The three things I’m going to cover are how future climate changes and impacts are related to increases in manmade greenhouse gases. I’m also going to talk about what would happen if we reduced emissions, and how long the impacts are expected to last. I’m going to talk about time scales of decades and centuries. And I’m also going to touch on the issue of climate over many thousands of years. All of the work that we did was formulated in terms of warming. And I want to just take a moment to explain to you why we did that. I found it fascinating.

Susan:
We looked at the model projections of the future of arctic sea ice. So here are a number of global atmospheric models. The arctic sea ice versus time has a tremendous amount of scatter when you just plot it this way. But if you actually normalize it as a function of global mean temperature – so normalize it in terms of warming – you see much, much smaller differences, a much more compact curve. It’s now easy to say, gee, the models are actually remarkably consistent in showing about a 15% per degree decrease in Arctic sea ice per degree of global warming, and a 25% decrease if you just talk about the September minimum. 

Susan:
So what’s happening there is that the models have different climate sensitivities, which means that at different times they have a different amount of warming, but if you normalize it to warming, you get a much more consistent picture. And we thought that was a much more illuminating way to look at the consistencies and differences as a function of how the climate changes.

Susan:
Similarly, you can have a look at the models and ask yourself, what about very hot summers? This is another key impact that we were able to quantify. And the way we did that was to look at the percent of summers that are warmer than the current warmest 5%. So for two degrees of global average warming, basically nearly every future summer would be as hot or hotter than the hottest one that a person who can remember the last 20 years could experience. And I think for me – that takes me back to a summer a couple of years ago here in the Denver area when we had a record-breaking series of heat waves. So if we were to go to two degrees of warming, every summer would be like that summer, which I think was 2005 or so? I don’t remember exactly – just a few years ago.

Susan:
Another key impact, where actually we were able to pull out some really interesting quantitative information, was wildfire in the west. And you may be familiar with a study that was done on Canadian wildfire where what was shown is that the area burned in Canada has increased substantially over the twentieth century, pretty much in concert with the changes in the observed temperatures. You can look at similar things for the western United States. So it’s this suite of eco-provinces that are shown here in this picture. If you look at those, what you find is that the area burned since 1920 has some ups and downs. It’s decreasing here in the 60’s and 70’s, and then increasing in more recent years. The black line shows you what would be expected based on the climate change. So it’s really quite remarkable, I think, how the warm years give you more area burned, the cool years give you less. And the model representation of that is really quite good.

Susan:
That’s what gave us some confidence in looking forward to what would happen if we were to warm by a further degree. So as you probably know, we’ve warmed by about .8 degrees Celsius globally thus far. And what would happen if the world were to warm up by a further degree in the wildfire issue for our region is shown here. It’s really quite an amazing change. What it’s showing you is that you would expect to see: 100%, 250%, 400% increases in the area burned in wildfires in many, many parts of the American west. Some of these places are even up to 500% and 600%. So factors of six increases in the area burned.

Susan:
And as I say, I think you can have some confidence in that because of the ability to simulate the past with this understanding of the climate change, and particularly of the warming. So you might wonder why is it that some places have a relatively small change? I mean, actually a 75% increase in area burned still sounds like a lot to me – but it’s a lot less than some of the other ones. And the answer to that is that in these regions  – –dry, desert areas – that there’s very little fuel left. So once it’s all burned, you can’t have more area burned because it’s all gone.

Susan:
And, of course, that’s one of the reasons why we talk about this. In the report we only talk about the next degree. Because if you go much beyond that, if these numbers are right, basically you will have changed the ecosystem so profoundly that you can’t apply the past as a guide anymore.

Susan:
We also have a lot of discussion in the report about the sensitivity of food to climate change. And I urge you to have a look at that. I just want to highlight here that there are some crops that are relatively well-understood in terms of their sensitivity to warming, and corn is one of them. Corn in both Africa and the United States would be expected to show decreasing yields to the amount of something like 5% to 15% per degree. So if the world were to warm by, say three degrees, you’re looking at something approaching 40% to 50% decreases in the corn yields, unless there were to be adaptation. And the type of adaptation that you might imagine would be – one adaptation would be to grow the corn farther north, maybe on into Canada. Another adaptation might be genetic engineering of the crop itself to make it more resistant. But it’s interesting to note that the level of genetic engineering that would be needed to make it robust to these kinds of changes is similar to the Green Revolution. So it would be a major shift in engineering of crops.

Susan:
Other crops that were sensitive include Indian wheat, which is currently being grown sort of right at the threshold, as I understand it, of where it can grow. So, similar sensitivity, something like 50% decreases in yields unless we find very good adaptation techniques, are expected at three degrees.

Susan:
Another issue, certainly, for us here in the dry region of Colorado is, what about future rainfall patterns?  And this is a plot showing you what the expected precipitation trends are, percent per degree, in the dry seasons of these various spots. And so what you can see is that there are places where, and I should mention that in the colored areas more than two-thirds of the models agree on what’s going to happen; in the white areas we just don’t know. And actually for us in Colorado we’re probably right on the edge of being in one of the white areas, maybe just getting into the region where we can say that we expect to see drying. Let me emphasize the amounts. So for about a one degree warming, the best estimate based on all the models would be something like a 5% to 15% decrease in rainfall per degree for us here in the southwest. Alaska’s projected to get wetter by similar amounts, say something like 10% per degree if you want to call it that. So these are really quite big changes.  Ten percent is about the kind of change in rainfall that caused the Dustbowl. And as you can see there are places with more than 15% here in south Africa. Western Australia’s also about 10%. The whole Mediterranean we’re expecting to see about 10%, and that’s per degree. So multiply it by three if you want to think that the world’s going to warm up by three degrees.

Susan:
We also looked at U.S. stream flow, which depends both on precipitation, which I just showed you, but also on evaporation. And in a sense that makes it a more robust quantity because every place on the map is expected to warm. So evaporation will increase everywhere. But precipitation, as I just showed you, can change sides. These are also quite interesting and big numbers. We looked at different river basins. I’m not going to go through them in detail. You can see here the median change in stream flow and the standard error. One of the big ones is the Rio Grande, where we expect to see about a 12% decrease in stream flow per degree. Upper Colorado is about 6% per degree. So again, these were really quite interesting numbers to be able to look at, and I think to quantify a little bit better than what had been done in the past.

Susan:
I can just say for me that what was exciting about doing this report is that we often hear, climate change, as we make things hotter, the more it happens, the worse it’s going to get. But for me it was very useful to really be able to pick out some things where you could say how much it would change, really quantify those things.

Susan:
We also have a discussion, which I thought was a really good tutorial discussion of how ocean acidification works. So looking really at the full chemistry of how carbon dioxide acidifies the ocean as it increases in the atmosphere and gets converted into carbonate and bicarbonate in the ocean. I’m not going to go through that in detail. We do have, as I’m sure you know, pretty good, well really quite accurate estimates of how the pH of the global ocean would be changing as a function of CO2 in the atmosphere. That’s all well-understood ocean chemistry.

Susan:
What’s less well-understood is, of course, what that would do to the ability of marine life to produce shells, to produce carbonate for its shells. What this is just showing you is the ability of the various major coral reef areas to reproduce themselves. Now that doesn’t mean that they wouldn’t adapt and turn into something else. But what it’s telling you is that at, say, 550 parts per million, the corals as they currently exist would just not be able to continue to reproduce. And even at 450 and 380 you begin to see a diminished ability to reproduce.

Susan:
I’m going to have to speed up a little bit because I don’t want to take away from Doug’s time. Let me quickly then try to cover a couple more points. What this is just showing you is what kind of temperature change we would expect to see in the transient as CO2 increases, if it were to reach any of these levels. And of course, if we were to then stabilize the carbon dioxide at a given level, the warming would transition from the transient to the equilibrium, and it would roughly double. So as carbon dioxide is increasing, the climate system warms. But once you stabilize carbon dioxide at a given level, the climate system warms even more because then the ocean has time to catch up and no longer be a thermal lag on the system. And I’ll come back to that in just a second.

Susan:
So these just show you, and you’ve got this in your hand out, the kind of influences, the kind of impacts that we just discussed. We also have the discussion of what would happen to coasts and sea level rise, a little bit about extremes, and again the food issue.

Susan:
So let me talk a little bit now about transient and equilibrium warming. This is just a table showing you if we were to continue to have CO2 equivalent greenhouse gases rise to 450, 550, et cetera, this is the best estimate of the transient warming that we’d get. Here’s the estimated likely range, and there’s that doubling effect that I talked about if you were to stabilize at any of those levels. What this means is that if we wait to observe severe impacts, we’re really committing to a future with at least twice as much warming and twice as much damage as we’ve observed so far. So there are further impacts in the pipeline.

Susan:
What about this climate sensitivity parameter? It’s a much discussed parameter, and I just want to call your attention to this table, which is discussed in detail in the report. What is the basic physics that’s going on here? The main one is black body radiation, and the fact that the earth is being heated by the sun. It’s losing radiation to space, like any black body. If there were no greenhouse effect to the unperturbed atmosphere, then if you doubled carbon dioxide from its pre-industrial value of 278 up to 556, we’d expect a warming of .7 degrees. But of course the background atmosphere, even unperturbed, has greenhouse gases in it. That brings it up to .9 if you include tropospheric water vapor changing at fixed relative humidity, which is a pretty well-established feedback. And changes in the lapse rate are also well established. But you don’t want to include clouds. You get up to 1.5 if you do include clouds; but keep them fixed, you get up to 1.8.  And so I think it’s fair to say that, at least for me, it’s very hard to see it being less than these kinds of numbers. If you include clouds and let them vary, and also include other feedbacks that, you could argue these other feedbacks are where these big uncertainties come in, that’s where you get to this number of, say, the best estimate of 3.2 in a likely range of about 2 to 4.5.
Susan:
I think the key point, again that I just want to emphasize, is that this range here seems hard to say, well, based on basic physics it’s going to be, I think, hard to have it be less than that.

Susan:
So how much risk is acceptable, is a value judgment that we certainly didn’t try to address in this report, and one of the reasons is because of that uncertainty in climate sensitivity. If you’re concerned about, say, the kinds of changes in food and stream flow and other things that I’ve already discussed, you’re concerned about how much would happen at three degrees, our best estimate of three degrees is 540, but it could be as high as 760, and it could be as high as 440 within the likely range of climate sensitivity. So to some extent, really, how urgently you view this problem does depend on how risk-averse you are, I think, as far as where you feel you could comfortable be in that range.

Susan:
How much emission reduction would we need to perform to stabilize, is a thing that has been talked about a lot. I think it’s critical to just recognize that the carbon in the climate system is kind of like the water in a bathtub. And we’re putting carbon in via a faucet of fossil fuel burning and deforestation, which is right now much larger than the drain, which is the natural processes that can remove it. So you really would have to reduce emissions by about 80% to stabilize carbon dioxide in any given level. And in the long run you’d have to reduce it more than that.

Susan:
When you have to do it, well, you’ve got some choices. We have a discussion in the report about this new metric of cumulative carbon that people have talked about recently. It’s really quite an interesting way of viewing it. And this is just a figure that I think illustrates what happens there. If you were to emit carbon as we have in the past, and then say, all right, now we’re going to phase it out, so we’ll do it relatively slowly at 1.5% per year, or maybe we’ll let it keep rising and then do it fast at 4.5% per year, or something in between. The cumulative emissions were carefully designed in this illustrative example that I’m showing you, to be exactly the same at about a terra-ton of carbon. So in the end, all three of these give you a terra-ton of carbon. They give you the same CO2 concentration, and they give you the same temperature change. So the only thing that matters is the cumulative emission, not how you get there.

Susan:
As you can see, this one that peaks at a higher level and then falls faster gives you exactly the same ultimate temperature change as the others. And there’s a lot of literature on that new way of looking at it. And that’s all discussed in the report as well. There are also plenty of unquantified risks. One of the interesting things in the report was to try to catalogue those even though we couldn’t say much about them. So things like the pests of crops, and weeds and disease changing are the sorts of issues that you might imagine. But we didn’t find enough literature to quantify. You can just read through that. Heat-related illness, of course, is another one that’s come up, where it’s very hard to quantify.

Susan:
How long will these impacts persist is a topic that we discuss quite a bit in the report. This is just showing you what happens to carbon dioxide if you were to stop emitting it. For the first 100 years the main sink is upper ocean uptake and the land biosphere, and it falls off relatively quickly. But then you’ve got to go to the deep ocean to get rid of more of it, and eventually you’ve got to go to dissolving sediments and weathering rocks literally to get rid of the rest of it. So even after many thousands of years, some say 15% to 20% of the carbon will still be left.

Susan:
And so what that means is that if we were to drive carbon dioxide up to, say, a level of 1,000 parts per million in this century, unless we find a way to remove the carbon or geoengineer the climate, we would be ramping up the warming to the point where Greenland would eventually be expected to melt. That doesn’t mean it would happen immediately. It would take literally thousands of years to melt the ice sheet according to what we understand of ice sheet balance. There’s a lot of discussion about this issue of fast ice flow in places like Greenland and Antarctica. I’ll refer you to the report for that. But this is just saying that even the processes that are well understood imply that because of this cumulative carbon effect, if you get to a certain level you can expect to see a change eventually, even if not immediately.

Susan:
So with that, I’m just going to put the key findings up and let you read them. And I think what we are going to do is probably change microphones and go directly onto Doug’s so that we don’t waste too much more time. Thank you very much for your attention.

[audience applause]

Written:

Douglas Jay Arent, Ph.D

Executive Director, Joint Institute for Strategic Planning & Financial Analysis, National Renewable Energy Laboratory

Douglas:

Thanks, Susan, and thanks to the hosts. It’s a pleasure to be here and actually give a lunchtime talk to many local folks and faces that I know well and see daily, or don’t see very frequently. So I’m here to really provide a follow-on story to what Susan just talked about.And represent from the panel’s perspective that was, as Patty said, part of four panels that were convened by the National Academies: one on science, another one actually on adaptation, ours on limiting, and another on informing. And actually at the end, I’m going to come back to some of the messages from some of those other panels because I think they’re part of a larger story that we also want to keep in mind as well.

Douglas:

But this panel was charged with two very specific pieces, which I think are perhaps a little bit more of the challenge of, what do we do about it? We’ve got a very clear picture of the climate science and the implications of future climate change coming. And this panel was to analyze strategies and come up with recommendations for domestic action, recognizing the international dimensions. And so one has to reflect back on this panel charge – and in fact what the charter of the National Academies is –  to think about how a panel goes about coming forward with recommendations to the President and to the Congress and to the American public about how to deal with these challenges. And so, that’s what we tried to do. We had a very tight timeline. In fact our panel was convened in fall of 2008, and we published our report in the spring of 2010. So we had about six or eight months to draft it. And then it goes through a very rigorous multi-tiered peer review process. And you’ll see a very similar structure to this presentation as to Susan’s. Although I have to admit that I don’t have such nice graphics, so this is going to be relatively wordy. So you can either listen or read or do both; but we’ll try to weave a story between the words.

Douglas:

The panel membership was much like Susan’s panel, very broad and diverse, and by invitation from the National Academy itself. This has lawyers, behavioral economists, economists, technologists, integrated assessment modelers, policy design experts, experts in international relations, as well as those that have previously participated from a corporate perspective looking at climate change and greenhouse gas mitigation as well – so very, very broad perspective. And you’ll see that come through in the breadth of the thinking and the recommendations that we’ve put forward as well.

Douglas:
One of the first challenges we had to take up was in fact one of the things that Susan alluded to, which is, what is an appropriate target? What does mitigation mean for the country, and consequently, or by implication, for the world? And this shows that rationale from our perspective that flows very readily from the science, which is, think about the implications of a global mean temperature increase and/or how that manifests itself in different title basins, different water basins, etcetera. What does that mean for the greenhouse gas concentration in terms of total budget releases? What does then that mean in terms of annual emissions? And what is then, the question of what is an appropriate U.S. participation in that global budget. And that’s a very challenging set of dialogues. And what we ended up with was a suggestion that, very explicitly, that the U.S. establish a budget for cumulative greenhouse gas emissions over a period of time. 

Douglas:
And what that recognizes, and in fact the science that Susan just talked about, which is, if that cumulative budget is addressed later, mitigation must be faster, and therefore, will be likely more challenging. So there’s a choice architecture from the policy perspective. Act now and it becomes easier over a long length of time. Susan talked about something like 1.5% per year reduction to get around 80% reduction out to the end of the century. Or if you delay 10 or 20 years then you’re forcing yourself into a mitigation scenario where you have to mitigate it 3.5% or 4% or 5% per year, and it becomes a much more challenging effort. That’s just the recognition from our perspective. We analyze the information at that time, which is actually before the work that Susan just presented was final. And (we) came up with recommendations, this range of a cumulative budget between 170 and 200 giga-tons until the 2050 timeframe. That translates to approximately 50% to 80% cumulative emissions reductions.

Douglas:
That came from a series of analysis both from what’s called the Energy Modeling Forum, as well as a previous National Academy’s report which is called America’s Energy Future, which then looked at the technical potential to contributions for mitigation as well. And what that did was essentially help articulate our message, or provide input to our message reasoning around the feasibility, the technical feasibility,  and economic feasibility of meeting such an emissions target. Because our charter, of course, was to recommend feasible domestic action –not implausible domestic action, but feasible domestic action. And you’ll see this when I come to the core recommendations.

Douglas:
So what this recognizes in words, very simply, is that even in that range of 50% to 80% by 2050, it’s technically possible, and yet challenging, and of course it will depend upon whether or not there’s aggressive early action or delayed action and then, therefore, more aggressive action needed in later years. And for the electric sector in particular, all technologies need to be deployed at scale and rapidly. For those familiar with perhaps hearing some of the strategy messages from NREL, previously we talked about speed and scale. There’s a sense of urgency. This panel repeated and emphasized the sense of urgency and quick action. Because it recognized that the challenges both long-term, are easier to deal with if you start sooner.

Douglas:
The technical estimates came from the American Energy Futures. The wording in this panel –  what we used is, that they’re optimistic assumptions. I think that there’s still a fairly open public debate about that, about what was used there. But they could reach this potential to reduce the emissions by 50% to 80%. And that led to the last recommendation, and you’ll see this come through in the set of recommendations, which is, we need a very broad suite of technologies. And we need to accelerate the amount of R&D that we do. That’s probably a message that resonates well with this crowd pretty strongly.

[audience laughter]

Douglas:
We also have the challenge of trying to estimate and articulate what it meant for economic impact. And it really wasn’t that we were charged to say, how much would this cost, or what would be the exact benefits of this mitigation strategy; but to use economic analysis to inform, again, our policy recommendations to go forward to congress and the nation. And so again, back to timing, availability of technologies, and the use of international mechanisms, which are offsets in this language. And we can get to that in questions if you don’t know what that means.

Douglas:
We put up one of a couple graphs. In my slides, as I said, they might be a little bit wordy. This is a ton per CO2 of carbon equivalent in U.S. $2,005 as a function of time for two different scenarios, really.  What I’ll call a reference scenario, which is a standard suite of technologies that could be deployed in order to reach a particular mitigation goal. And I think in the background of this we looked at a 50% reduction. And then, what are the implications of advancing that technology suite? And we used this analysis in some sense to bound our liberations on the importance of advanced technology, R&D and innovation. And that’s really what it was meant to do. It wasn’t meant to say, the Academy believes these prices of CO2 equivalents are going to be the right ones. They won’t be because we actually use a lot of language around the fact that economic analysis is very broad, very uncertain, et cetera. But it’s good to inform the policy recommendations that we come forward with.

Douglas:
So there are options to reduce CO2. These are relatively straightforward if you think about that CO2 cycle; but from an economy-wide standpoint these are relatively straightforward. Population, income, household size, consumer behavior and preferences all drive demand. So there’s a lever which says, you can decrease the demand for goods and services. Then there’s the efficiency side of the equation, which is, how do you provide goods and services with less energy need? Or the next phase of it, which is, if there’s energy need, how do you reduce the greenhouse gas concentration of the energy required for those goods and services? And then as Susan mentioned, there’s also post-emission carbon management, geoengineering and other options that could be thought of. We dealt with that very lightly in this report. There was a National Academy cross-panel workshop on it for a couple of days, where we did come out with, I’ll call it some summary statements on the status of the science, as well as a lot of observations on the, what should we say, the experimental nature, or the risks of experimenting with such options in the collective good of the atmosphere. I think is perhaps the right way to say it. Correct me if you have other words for that.

Douglas:
So I want to come to seven core recommendations. I’m going to go through them relatively quickly, and then I’m going to spend a little bit of time on each one, just with a little bit more detail. So, bear with me as I run through these. First was: adopt a mechanism for setting an economy-wide carbon pricing system. There’s some very careful words in here. We can get to those as we go through it, or in a Q&A. But they’re very specific wording: economy-wide and carbon pricing. Complement that with a suite of policies to take advantage of near-term opportunity, i.e. make our job easier, act sooner. Establish the feasibility of options which we felt were technically mature enough that needed to be accelerated. So this is carbon capture and storage and nuclear technologies. And complement that with: accelerate the retirement, retrofitting or replacement of greenhouse gas intensive infrastructure. I’ll come back to why those are there, because it’s a very broad suite of policy recommendations and very encompassing.

Douglas:
Crete new technology choices, invest heavily in R&D. Consider the equity implications when deciding around implementation of policies, with particular attention to disadvantaged populations. We did actually a fair amount of work as a panel looking at population distribution and geospatial information of where low-income families live, how much  their risk exposure is, particularly to health and particulates that are related to greenhouse gas emitting technologies. And it’s actually a quite stark contrast for the U.S.  as well, and an interesting learning experience for myself.

Douglas:
The fifth was to recognize and establish the U.S. as a leader, recognizing of course that this is a global problem, but there is a definitive value to leadership.  You can feel this resonating, I think, today, through a lot of discussion about innovation and greenhouse in new science and new innovation. And then there are two others really around how to formulate good policy. The first is to establish flexibility and experimentation with policy. It’s a bit difficult for a scientist to absorb a recommendation that says, oh, please go forward and experiment with policies. But what the panel came forward with was that there is a large experimental database of policies to address on climate change, and I’ll call it the complementary suite of policies that are in the states, in the regions, and internationally; and those should be learned from. And that we should also encourage that because not all good ideas actually stem from the federal government, given some of the political challenges of it. And the last is to design policies with durability and consistency and flexibility as the science evolves, but also as the economy evolves, and as our collective will to take action evolves as well.

Douglas:
So that’s the very high-level piece of it. Let me see if I can do it in about 10 or 15 minutes – go through these with a little bit more detail, which will leave ample time. I think we have until 1:30. Is that correct? Okay for questions and answers?
Douglas:
So on the economy-wide pricing system, the piece that the panel struggled with, to be honest, was whether or not to come forward with a recommendation. As if you remember two years ago there was a fair amount of legislation that was very focused on cap and trade. We recognize the value of cap and trade as a market mechanism, but we also recognize that the more important part of our recommendation was that it be economy-wide. And therefore, there may be appropriate pricing systems for carbon or carbon dioxide equivalents that would not necessarily be covered under a politically acceptable cap and trade system.

Douglas:
And therefore, there’s again a suite of pricing mechanisms that should be considered, and may be actually more effective and appropriate for certain sectors of the economy. The more important piece was that it be economy-wide, and from our perspective we came forward with this analysis and recommendation that the pricing system itself, if it were cap and trade, would avoid free allowances. What this essentially did, or does, is to remove the economic incentive to reduce carbon dioxide emissions in the early years. And therefore, it delays action and makes the challenge more difficult. And all the analysis that we looked at essentially had a very low-ramp rate on the effective price of carbon dioxide emissions. Which essentially meant that the economic paradigm for investment and changing of the energy sector would not be very strongly motivated if there were free allowances.

Douglas:
Similarly, if one included a significant amount of either domestic or international offsets- so this is where in fact you could buy a credit from an action in another country or an action in another sector that likely would be less expensive than you effectively reducing the physical emission of your own operations- that also would lower the effectiveness of a policy recommendation. And actually I want to come back to the point of the budget. And that reminds me of a key point. Is that the other piece of our very strong recommendation was that that budget that we put forward as a suggestion between 50% and 80% reductions to 2050, we explicitly stated that those were physical reductions from the U.S. emissions portfolio- not to be achieved through offsets of an international basis. And that was of relatively robust dialogue, and I think a fairly strong recommendation that came forward.

Douglas:
Complement. I think this is relatively straightforward to recognize that carbon pricing, and particularly if you look at pricing mechanisms with borrowing, banking, offsets, free allowances, et cetera, which all become part of the political landscape, will not have very strong physical effectiveness in terms of reducing the greenhouse gas emission budget in the early years. And, therefore, other policies need to be considered and actually moved forward across the suite of jurisdictional boundaries. This includes of course high leverage emission reduction opportunities. I like these words. They’re pretty dramatic. Which include efficiency  and renewables, as well as full-scale demonstration for CCS and nuclear.

Douglas:
We did include advancing efficiency in the transportation sector. We thought that was actually very critical. As well as in the innovation part of our chapter, looking for alternative low greenhouse gas fuels or fuel option pathways. And then the third one, which actually you’re seeing in some sense implemented through a whole different mechanism from the U.S. government, is really around the accelerated retirement or retrofitting or replacement of high greenhouse gas emitting infrastructure today. So one can think about EPA regulations that are coming forward, and really implementing coal fire power plants, as one primary example of that.

Douglas:
We then spent a fair amount of time looking at the innovation system for new technology, in particular low-carbon technologies in the U.S. This is everything from R&D to the education system, to public sector R&D as well as private sector R&F. And we came up with these 4 principal outcomes and recommendations that we stated. One is to significantly increase. Now the National Academy’s debates whether or not it has- actually we debated, but we were given guidance to not come forward with a budget number because it’s really not the role of the National Academy is to recommend a budget. But our analysis indicates, and I think some of you who have looked at the energy sector might be familiar with this, that energy R&D is a function of sales, or a function of the energy contribution to the economy, is exceedingly small. Less than around 1% per year in terms of investment toward R&D as a function of sales. Relative to other innovation sectors of the economy, this we felt was very insufficient.  And in fact if you look at the R&D budgets today, federally, they’re down about tenfold from where they were back in the 1980’s as a percent of federal spending, exclusive of the stimulus package, short-term adder to it. And so we went forward with a very strong recommendation on that front as well.

Douglas:
Expand the markets. One of the pieces we looked at and had many conversations, and you’ll see a complementary report from the National Science Foundation as well is to foster workforce development and training. This also comes back to our, how do you think about equality of workforce development and impact on disadvantaged populations. And as well we felt very strongly for this last recommendation to improve the understanding of how social and behavioral dynamics interact with technology. There was a very vigorous debate within the panel itself, recognizing that we have a suite of technologies. We actually have, at least for another 10 years, the world’s strongest economy. And, therefore, an ability to afford technology solutions. And what we were missing is in fact a social-behavioral dynamic to be order to effectively make those decisions. So that stems from, many individuals can make good decisions, but as soon as you get into the, I’ll call it civil society, everything from a community up through the federal government, it becomes much more complicated. And from the panel’s perspective we don’t have a good enough understanding of those social dynamics and how it really impacts decision making. And in fact that is now the subject of a follow-on effort which I’m involved with, run through the American Academy of Arts and Sciences, with  the OE support as well as NSF support as well.

Douglas:
That all recognized in this kind of icon, again, relative to the portfolio of technology approaches. This just is an icon that we actually use to talk about technology invention, and the fact that you need a portfolio of policies that address not only R&D but markets. Market pull as well as technology push to get this really to mix. And that there’s an interaction and feedback that needs to be recognized and addressed.

Douglas:
On 4, which was considered the equity implications, this was relatively straightforward once one started to actually look at the data. And what we came forward with was a recommendation to be aware of potential inequities when think in particular from the federal government’s perspective, but as well as from regional and state decision maker’s perspectives. So one, to be aware. Two, to monitor and really increase the fidelity of information in order to inform better decision making relative to this perspective. Because it’s in some sense somewhat under the radar screen for many people. They don’t necessarily go through and look at the geospatial diversity of impacts on different populations. And then major changes will lead to job-loss in some sectors and gains in others. I think one needs to state this relatively straightforwardly, and recognize that there’s going to be a trade-off space. And that appropriately from a policymaker’s perspective, particularly from the federal government’s perspective, one should encourage workforce development and retraining in these new technology areas, which would also address the greenhouse gas reduction budget that we came forward with.

Douglas:
On establishing leadership we had a relatively robust dialogue and came forward with the honest realization that the U.S. has been a major contributor in the past, but will become a less important contributor relative to the emerging economies going forward. So if I remember correctly, China’s gross greenhouse gas emissions surpassed us last year. And ,therefore, it’s a very interesting debate in terms of what U.S. action, what the appropriate percentage of greenhouse gas reductions would be in the U.S. versus other economies. But we recognize the fact that our leadership, given our history, was significantly important, not only toward greenhouse gas reductions but also toward innovation, et cetera. We recognized and continue to recommend that the U.S. engage in the international agreements, i.e. the IPCC UNFCC processes, and to work toward some kind of collective international agreement that would go forward. And we also recognize that it’s cooperative and competitive. And, therefore, there are appropriate roles for international science and technology agreements, which NREL and DOE are clearly a part of many of them. All of them focused on low greenhouse gas technologies and programs, which is a compliment to what everyone’s doing.

Douglas:
On the flexibility side I mentioned just in the overview, we recognize that states and other jurisdictional boundaries, jurisdictional operators, are active, have been very active and continue to be, and want to be. And there are kind of three principals. One, recognize it and learn from it, from a federal perspective. The second was, if you had to do preemption, please do it carefully. And the third is, of course, any federal action should of course not be punitive to those that have taken early action in their own jurisdictional boundaries. Those are relatively straightforward when one thinks about what the role of the federal, state and regional governments are. But they were important to articulate in this particular realm.

Douglas:
And then the last was really around durability and predictability on policies, and understanding that the climate science is changing, that the economy is changing. But for the investments to take place going forward, and at the appropriate speed and scale,  policies need to be transparent with longevity, and with credibility and capacity to learn going forward. So that you avoid, for example, start-stop cycles of the production tax credit. But to perhaps set one with a duration over a long period of time, or a long enough period of time, where the playing field is well-known, and people can make long-term investments in building up their production capacity.  And they recognize that that particular subsidy in this particular case will no longer exist at that given time if the policy were formulated appropriately and if everything played out. And they would know what technology targets they would have to meet. So that’s basically the messaging in this particular piece.

Douglas:
So there are summaries back there. The full report is available on the web as well. And a couple of key messages from the other panels that I just wanted to state, which I think complement this.

Douglas:
The first is, and if you haven’t had a chance to just glance at it, The Advancing Science. That called very straightforwardly for a robust science enterprise in the nation to continue, as Susan is the epitome of, I think, as a leader. On the adaptation one, adaptation is a relatively new field, adapting to climate science. And here the recommendation was straightforward:  to begin a process to come up with a national adaptation strategy. Recognizing that, as Susan said, there is inherent change built into the system today, even if all emissions were to stop today. And, therefore, we need to be prudent and think about how we will adapt going forward in the future. And then informing really tries to deal with the social side of the equation. There are four recommendations going forward. I think I’ll leave them for you. They were essentially around creating a robust information data service, as well as synthesis and analysis around climate and climate change and adaptation in order to better inform both individuals, i.e. the public, as well as the policy decision makers.

Douglas:
So I thank you for your attention, and I think collectively we’ll answer questions.

[audience applause]

Audience Member:

In Susan’s talk, she focused on the effective climate change on warming and drought, on reduced stream flow. But as we all appreciate another apparent manifestation, especially in the past few years is, in certain parts of the world, unusual cold weather and unusual precipitation with tremendous flooding. Now I presume that this is not inconsistent with the climate change models. But assuming that’s true, this fact is lost on the general population, and especially among climate skeptics. So what they have been doing in light of these unusual patterns of cold weather and flooding is to say that the issue of climate change is unreal and it’s not to be believed. So this kind of gets back to something that Doug addressed about the social science to educate people and to make sure that the story is – it’s complicated – and the people understand that it’s not just uniform warming, uniform drought, but there’s other manifestations which result in extreme changes in weather. And how can this be done? Because this small population of skeptics have a big impact on policy nationally and internationally.

Susan:
It’s a field that a lot of people are working on. A lot of areas of understanding of extreme events are rather poor. One of the ones that, in our analysis, we were able to quantify, was the issue of heavy rainfall. So what we found was that there was good evidence, both from observations and from models, that there has been and probably will continue to be something on the order of a 3% to 10% increase in heavy rainfall per degree in most land areas. So yes, there will be more heavy rain. In addition, as I showed you, in some places there will be more total rain. So more total rain and more heavy rain, you know, that seems to argue that there will be more flooding as you suggested in those regions. 

Susan:

What we could not really address was the other issue you raised:  what about more cold weather? That’s very controversial issue that a lot of people are trying to understand right now, as I’m sure you know. Things like the unusual cold and snowy weather that we’ve had on the east coast of the U.S. and Europe the last, actually the last two years, has been a matter of a lot of interest. There’s been some recent papers which have been published after this study was concluded, arguing that perhaps the retreat of arctic sea ice might have something to do with that at least in Europe, but not necessarily in the U.S.  So all I can say is that our level of understanding of regional climate change is really not good enough to put firm numbers of changes in many extremes. But the heavy rainfall one is the one we were able to talk about. And as I showed you, we also talked about extreme summers, which I think we can quantify relatively well as well.

Audience Member:

Just following up on that, I mean, if it’s cold and it rains heavy, you get a lot of snow. So is that a legitimate conclusion to take also? That you would expect more intense snow events, episodically, of course?

Susan:
Yeah, I mean I guess this really should say heavy precipitation rather than heavy rainfall. Yeah, that’s a fair statement. And the reason is because there’s more moisture in the air fundamentally. But as far as  being colder, that’s the tough part. I don’t think we can say that.

Audience Member:

So one’s idea of how long a transient is depends on whether you’re an electrical engineer or a geologist. But can you say how long it is, let’s say for this picture you happen to have up there, how long we’re talking about in terms of equilibrium?

Susan:

Typically it’s on the order of 20 to 100 years to get most of the way. It depends on the model and it depends on the rate of warming and a lot of other things. But you get most of the way there in the first 100 years. You get a good bit of the way there in the first several decades. It takes several hundred years to get all the way there.

Audience Member:
So I’d like to go somewhere else, and ask both of you what your thoughts are on ways on monitoring emissions. So both a carbon tax has been discussed as being a simpler way of monitoring, but politically more difficult. And the cap and trade is politically palatable but very hard to enforce. And I was just wondering if the committees, either of these have talked about that, and what your thoughts are.

Douglas:

Do you mean monitoring or mitigating?

Audience Member:

Really monitoring, so if you get into this offsets issue, how do you prove it?

Douglas:

Ensuring that mitigation actually occurs.

Audience Member:
Yeah. And what’s the baseline today? A related question is China. You mentioned that the rate of emissions. But that’s the rate of emissions. The cumulative emissions, it would be quite interesting if people have considered with current trends, at what point will the cumulative emissions from China equal the cumulative emissions from the United States or Europe?

Douglas:
I don’t have that answer off the top of my head. Susan might. But on the monitoring and verification, we do have a very specific recommendation to move forward with a monitoring and verification program. Per se, recognizing that it has to be done both domestically as well as internationally, globally, in order to do that. But we didn’t tie that to the mitigation mechanisms. So for example, when you asked the question relative to, you know, can we monitor the effectiveness of a tax. One typically would separate the physical monitoring of emissions and/or the emissions from a sector that is subject to that tax. And that’s what would happen going forward. But we didn’t do any analytic work that would specifically tie the effectiveness of specific policies relative to the monitoring need. As I stated, in the policy recommendation that we came forward with, was principally economy-wide, recognizing that there are different efficiencies for different mechanisms in different sectors. However, economy-wide as well, one needed to effectively monitor what the emissions were in order to adapt the policies as needed. That was the way we kind of circled that, if that makes sense.

Audience Member:

If there were countries origins that were turning to dust bowls, what would be the implications in terms of global population centers and migrations? And is that something that we can actually realistically adapt? Or is there some sort of mechanism to help all the people who are affected?

Susan:

I’m not sure I can be very quantitative about this. There have been a few papers on migration, and increases in human migration as a function of climate change. I know there was one recently in PNAS. It’s a controversial issue obviously, because the question of how much people are able to adapt always comes up, or willing to adapt is even more difficult. I can’t tell you much more than that, except to say that I think the most recent work is published this work in PNAS.

Audience Member:

Acceleration and data lag, the table right here, Susan. So the data that you had to write the report was obviously some amount of time, I don’t know what – a year or two or three old. And it seems like we’re seeing accelerations and some of the problems. Just this week the Chinese Academy of Agricultural Sciences talked about the drought in China. I was just there for six months. And that was every five years in the 50’s, every two years in the 90’s, every year now according to their work. What can you tell us about, or what thoughts do you have about the table up there and your ability to integrate the accelerating impacts- or it seems to be the acceleration of some of the impacts- with the data that you have available? Am I making sense?

Susan:

Sort of. You know, this table basically is a different way of restating the climate sensitivity. And in terms of how fast knowledge of climate sensitivity has changed, unfortunately that’s one of the areas where it’s changed quite slowly. It’s often cited that the Charney Report in the late 70’s said that for doubling of CO2 you’d expect to see a warming of something like, between 1.5 and 4.5 degrees. And we have advanced on that a little bit, but only very, very slowly. So I would have to say that as far as this particular table goes, this is pretty state-of-the-art still. And that’s one of the reasons that we formulated the report in terms of warming. Let me just emphasize, we may not know exactly how much CO2 it takes to get to three degrees, right? But we may know better once you get to three degrees what kind of climate changes you expect to see. So that was part of the rationale there. 

Susan:

So climate sensitivity not advancing very rapidly. Issues like local studies of how things are happening in a particular region, I certainly agree with you that there have been a lot of interesting studies coming out on all kinds of climate changes. I mean, I haven’t seen the report you’re talking about regarding drought in China. I’d be happy to look at that. But, gee, there’s been a heck of a lot of work on the whole question of changes in the hydrologic cycle, the issue of heavy rainfall I think has gotten even more robust since this report came out, extreme temperatures, heat waves, stuff like that. There’s been a series of really quite nice papers on increasing extremes and increasing records. Record numbers of very hot days. There was a nice paper on that. So certainly local climate changes we’re advancing our understanding of. I do think that one of the big bottlenecks is this issue of climate sensitivity. How much CO2 does it take to reach those levels is still uncertain. We have advanced some, but not as much as we’d like.

Audience Member:

Could you also discuss the issue of permafrost and the possible degassing of a lot of trapped methane, things like that? Like tipping points. Because I think that’s another issue, is how much can we tolerate before we get into a regime that we don’t know how it’s going to behave.

Susan:

Yeah, we have a short discussion in the report on permafrost and that issue. What we said about tipping points is that we couldn’t identify any in this report. So I think it’s still very much unknown exactly if there are any, and if so, where they are. One of the issues with the whole permafrost release of methane, which is really intriguing to me, is that even though the Arctic has been so very warm in recent years, you actually have not seen much evidence for a significant increase in methane emission integrated over the whole Arctic. There’s a lot of very, again, sort of like what we were just discussing, there’s a number of very interesting local studies where people go out to a particular lake in Siberia or whatever, and they see local emission of methane, which is quite impressive. But you know, it’s really the integral over the whole polar cap that’s going to matter there. And one of the things I think needs to be borne in mind is that as the permafrost melts, the soil gets wet. And when it gets wet, my understanding of it is that it’s more able to actually –, the bacteria are able to eat the methane more effectively. Just like, I guess, the bacteria in the Gulf ate the methane on its way up from the terrible oil spill. So I think it’s a possibility, but it isn’t an absolute the way it’s sometimes perhaps imagined. And I would just want to really be cautious on that.

Audience Member:
I wondered if the panel, so you make a recommendation about basically setting up some kind of carbon market, a financial institution as it were. And I wondered whether you were presented with data on how long it takes to set up an effective market system like that. I mean, I think back to the East Indies company and some of these other things that kind of started out, had an element of kind of being a scheme – that you’re trying to induce investors to invest in something that will bring future return. But how long does it take before people get comfortable with the idea that carbon prices are going to be predictable and I should invest in that. And just, was there data on the social formation of these social institutions, what the time constant is compared to like the four decades that you have to influence your 2050 target.

Douglas:

There is an experiential database that we looked at. That stems everything from the Sox and Knox markets in the U.S. as well as the European trading system which is on carbon dioxide or greenhouse gases as well as what was set up for the regional greenhouse gas initiative in the northeast of the U.S. That, plus the voluntary market which existed at that point and time in the U.S., all gave a relatively substantial amount of information that said that the system, if it were to be cap and trade with credits, could be effectively set up relatively quickly, and would likely lead to carbon prices which were less than some of the models predicted. What that told us then was that the economic effectiveness of a cap and trade system, depending upon the detail of the structure of course, offsets and credits and free allowances, etcetera, would be less of an incentive for the change in the physical emissions than we recommended moving forward within the time frame of the emissions budget that we analyzed, given the long-lived infrastructure of the energy system.

Audience Member:
Did you guys talk at all about nuclear as a non-carbon-emitting source for the future? 

Douglas:
We did. We do talk about nuclear and we have a specific recommendation as part of the accelerated near-term options for new nuclear technologies. We didn’t spend a lot of time on them, because nuclear, as part of the technology suite, was covered in America’s Energy Futures work, that was the previous work of technologies that we relied on mostly.

Susan (to Douglas):

Now since you mention nuclear, do you discuss the different forms of nuclear, and the waste issues? Or would you like to comment on how you address that when people ask you?

Douglas:

So the panel itself really didn’t deal with detail of the technology itself. It deferred back to the American Energy Futures study. We did talk about the market barriers to deployment of different technologies, and in particular nuclear being waste-management or reprocessing, and recognized that that had to be dealt with if nuclear were to be part of the technology suite going forward.

Audience Member:

Doug, on your graph you said that advanced technologies will lower the price. And I’m just wondering if you can qualify that because it’s a little counter-intuitive to a lot of what you hear today, especially in electricity markets, as far as solar being so much more expensive, and these new technologies being so more expensive. So just wondering.

Douglas:

Yeah. So that graph was an example relative to a reference baseline, and the graph was cost per ton of CO2 equivalent and year. So in a reference scenario or set of scenarios, the cost per ton was based upon a suite of technologies available today without an aggressive R&D budget. And the red line underneath it, which was the lower per ton per CO2 cost, was basically if you invest in advanced R&D, which lowers the effective capital cost or cost of energy from those technologies, the effective cost per ton of CO2 is less. So that should flow relatively straightforwardly in the logic.

Audience Member:

In regard to climate change, I don’t see much dialogue on that. You talk a lot about feasibility and economics and _______.  And I know this is not in _______ nor the community’s.  But where is that discussion taking place, on the price to public health and welfare from climate change?

Douglas:

That’s a great question. So for those that didn’t hear it, where is the dialogue taking place around the threat to public health relative to climate change? And let me offer that as part of the writing team for the 5th assessment report, there is actually a very robust literature on public health and the impact of climate change on public health. I can refer you to a complete journal of Lancet, which actually looked at public health implications of climate change, published fall of 2009, I believe. And then there’s a fair amount of work, well, some in NIH. Others led by Kris Ebi out at Stanford. There’s an expert at RFF, Maurine Copper, who’s done a fair amount of work as well. And that will be a relatively substantial part of the working group two report coming out in the 5th assessment report.

Douglas:
So why don’t I just thank Susan, thank our hosts, and thank you all for taking time out of your lunch to join us in questions.

[audience applause]
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