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COMPERE:     
Ladies and gentlemen, welcome to today’s National Press Club Telstra address. Something a little different today. We do not usually have three speakers on our menu at any one time. This subject of climate change has been around for quite a number of years, and the science involved in it has been one of the key issues in the debate. Australian scientists have played quite a strong part in it, and we have three distinguished scientists who are very closely involved to talk about various aspects of it today. 

One of the reasons for today’s event and this format is that the basis of the scientific arguments on climate change has become something of a controversy in itself.  We thought, as did our guests today, that it would be a good idea to look at some of the issues involved there. We will start first of all with Dr John Zillman who is the Director of the Bureau of Meteorology. He will be followed by Dr Graeme Pearman, the head of the CSIRO Division of Atmospheric Research, and then Dr John Church from the marine research area of CSIRO. First of all would you please welcome Dr John Zillman.

  Dr ZILLMAN:       
Good afternoon, ladies and gentlemen. The questions that were posed are: how real is climate change and what does science tell us? My colleagues and I will attempt to give you some answers to those questions. The first thing I should say about how real climate change is is to make the observation that the climate has always been changing. The climate of this September is almost certainly be different from last September. The climate of the 1990s was certainly quite different from the climate of the 1980s. The climate of the 20th century was very different from the climate of the 19th century. There is no doubt whatever that the climate of the last 10,000 years has been different from the climate of the 10,000 years before that when most of the world was subject to ice age conditions.

There is an important point that I think I need to make at the outset, and that is the climate system which spawns all the daily weather events—the El Nino cycles and so on—that sees us with a series of drought and flood is variable on all time scales. It is a complex system. The task of science is to understand it and learn to predict its natural fluctuations but also, particularly significant in the current time, to learn to understand it well enough to model it in a way that will enable us to work out what might be the impacts of the build‑up of greenhouse gases in the atmosphere and other human impacts.

The first thing that I need to do—I apologise for having at least a 30-second tutorial on climate science—is to look at the first chart that you have in front of you, chart 1, and make a couple of observations. The first one is that the climate of earth is basically determined by a few things we cannot change: the distance from the sun and the strength of the radiation energy coming from the sun. We cannot do much about those. 

It is also very much dependent on the thing that we call the greenhouse effect. If we did not have an atmosphere containing some very small amounts of trace gases which interfere not with the sun’s radiation but with the infra‑red longer wave radiation that corresponds to earth type temperatures, if we did not have that, the temperature of the planet by and large, averaged over its surface, would be about minus 18 degrees Celsius, 255 degrees above absolute zero. The fact that it is not that, that the real world we live in, the average surface temperature of the earth over about the last 10,000 years is about 15 degrees Celsius is due to the thing called the greenhouse effect. 

On the chart in front of you we have a couple of hypothetical situations. On the top left we have an atmosphere with the sun’s radiation—that is the orange arrows coming in—and the infra‑red radiation, the long wave radiation, going back out again. The sun’s rays goes through the atmosphere; they are absorbed by the earth; the earth radiates like a bar radiator. It radiates infra‑red radiation, and the amount of radiation is proportional to the temperature. So if we know how much radiation is coming in from the sun, we know quite well what the surface of the earth will be, and it is that minus 18‑degrees that I spoke about. That is the situation where there is no interference with the radiation by the atmosphere.

Now turn to the top right chart, and we have put in some greenhouse gases. This is carbon dioxide, methane and things like that that sort of act in a way like a blanket. They let all the sun’s radiation come in but they partially absorb the outgoing infra‑red radiation. What you have in the simplified situation on the right there is that, instead of just a balance between the sun’s energy coming in and the infra‑red radiation going out from the ground, we have extra radiation, this long wave radiation, coming down from the atmosphere. The greenhouse gases, as well as absorbing, they emit and they emit at the temperature they are at. So extra radiation comes down to the surface. 

The only way we can maintain a balance is to have the surface of the earth heat up until the radiation going back out exactly balances the sum total of the sun’s radiation coming in and the infra‑red radiation down from the atmosphere. And that difference corresponds, with some adjustments, to the greenhouse effect—the 33 degrees difference between the planetary temperature of the earth, the minus 18, and what it really is at about plus 15.

I would like you to look at the bottom part of the chart because what is shown there is how that difference looks with height. Say the height of the atmosphere in that chart is about 20 kilometres or something like that, if we did not have the greenhouse gases, we would have temperature decreasing with height in the atmosphere, like the dotted line you see going upwards from the white T. That is what it would be. When we have the greenhouse effect with the greenhouse gases there, we move everything across to the right and we have the surface and atmosphere right up to the base of the stratosphere, the so‑called troposphere, is much warmer. Above it, it is actually about 40 degrees warmer.

Now, hypothetically, if we were to add some greenhouses house gases so that more radiation is emitted down to the surface, then the surface has to heat up further just to keep the balance. So you have what we call the enhanced greenhouse effect.  

Let me depart then from the science and come back to a bit of history. The physics of that is complicated but very well understood. It has been known for 100 years. However, in the 1950s, it was recognised that the build‑up of greenhouse gases due to human activity— primarily the burning of fossil fuels—would lead to greater concentrations of carbon dioxide and other greenhouse gases in the atmosphere. The science clearly suggested, both the back of the envelope computation and much more complicated theoretical approaches, that like I have in the bottom chart the enhanced greenhouse effect would operate and the earth surface would warm. That was the thinking that developed.

As it happened, a lot of scientific work was done, but it was not until the late 1970s that the concern in the scientific community reached the point where a major national research effort to better understand climate was felt necessary. Part of the reason for complacency was I guess—I will show it in a moment—the real concern at that point that maybe the world was getting cooler. Snow was extending in the northern hemisphere and there was talk of possible descent into a new ice age. But the scientific community felt otherwise and felt that the major concern was potential greenhouse warming.

So we had a situation where the international agreements were reached that there should be a world climate research program, an international geosphere biosphere program aimed at better understanding the climate system. By the mid 1980s, the concern had reached the point where the decision was taken to achieve a broadly based assessment of this climate science. By 1988 the decision was taken to set up the body that is often referred to called the Intergovernmental Panel on Climate Change. 

What I want to explain very briefly in the second chart is the process through which we attempt to ensure that governments worldwide are provided with the most objective assessment of the science that is possible. On that chart, we have the research effort that is in yellow in the left going on through the world climate research program and other programs. We have a major effort underpinning that shown in pink of the effort to globally observe the climate. And over on the right we have all the political mechanisms of the international UN system but especially the subsidiary bodies, the conference of parties and subsidiary bodies of the Framework Convention on Climate Change, which was set up in the light of the advice in the late 1980s to examine the question of how society should respond to these issues. And in between we have the body called the Intergovernmental Panel on Climate Change.

I need to make a couple of points. The Intergovernmental Panel on Climate Change is not a particular group of scientists. It does not have an agenda. It is an international process aimed at ensuring the maximum effort is taken to draw on the total scientific effort on climate modelling and climate change studies to produce in intelligible form the best advice that can be given in terms of the state of the science. I stress it has no agenda but it is an enormously sophisticated process that draws on the work of thousands of scientists, but in a way which is aimed at ensuring that it is the science and not any policy position which determines the advice that is given. 

It is the role of the IPCC every few years to produce an integrated report for governments. The third assessment report—its first report triggered the climate convention, its second one played a major part in the Kyoto Protocol and the third one is due next year. I would like to make the point that it is a complicated process but it is one which draws on the total global scientific effort. 

Before I finish and pass over to Graeme to speak about greenhouse gases and whatever, let me just draw your attention to the first and most obvious answer to the very first question that we have to ask: is the world warming? Is there global warming? And in the third chart we show the globally averaged temperatures for the last 140 years. It is not too good up to about 1900 but, after that, pretty reliable in a globally coordinated effort to search out and get the best and most reliable observing stations over the globe and to assess the integrated impact of any changes that are taking place. 

You see the year to year variable. Indeed, you see decade to decade variability. But about the time that the global scientific community were becoming concerned in the 1980s, where you see temperatures were globally averaged below normal—the normal was the 1960-90 period—about that period a very significant warming trend has developed. You see that in the departures from the average over the last decade. That is observed. It is reliable. The question is: what is the cause of it? When we say that global warming has occurred we are describing what has happened. The next question is: is that due to greenhouse? That is where a large part of the science is now concerned and that is where I would like to pass over to Graeme. 

Dr PEARMAN:         
My task in the next few minutes is try to do two things: to give you a feel for the evidence that we have that the concentration of these greenhouse gases that John referred to is rising and, secondly, to try to show you how we convert anticipated changes in these gases in the atmosphere to climate change. 

If you look at the fourth slide, you will see that the main greenhouse gas carbon dioxide, which is the main anthropogenic greenhouse gas, has been observed over Australia at the Cape Grim observatory for 25 years. In the insert, the blue line going up shows over that period from the 1970s when we started measurement concentrations increased from 330 parts per million to almost 370 parts per million today. But, importantly, we have been able to develop techniques for extracting old air from Antarctic ice, which we can date very accurately, and be able to take those measurements backwards to a time when, of course, scientists were not thinking about this. So the red dots indicate what is illustrated by retrieving that air from Antarctic ice. You will see that through the last 1,000 years, for most of that time concentration of carbon dioxide was around 280 parts per million. Then since industrialisation it has increased by about 70 per cent.

But probably more importantly than these increases is the fact that the science we have done in the last decade, the global community, allows us to state quite categorically that most of this increase is due to human activity not only carbon dioxide but other greenhouse gases. That science tells us important things. For example, if you release a gas into the atmosphere, in some cases those gases break down and become other compounds and are not important; in some cases they are taken by the. biosphere. In order to understand where we are going in the future, we need to understand those cycles—and by and large we actually do that for most of the greenhouse gases at the moment.

This raises an interesting point because we can turn the whole question around and we can say: supposing as a global community we wished to retain the concentrations of carbon dioxide in the atmosphere below a certain level, we decided that doubling—remembering we have had about a 30 per cent increase in concentration so far—we decided 100 per cent above pre industrial levels was about as high as we wanted to go because of the climatological results, or 200 per cent, a tripling. 

But what does that actually mean? If you look at the next slide, you will see what that says is that if we want to stabilise these concentrations some time in the future in the way in this particular example we said we will give ourselves a couple of centuries to do it, then the total global emissions have to be much less than they are now. The black line on the curve shows what they have been over the last decades. So it says to stable these concentrations, we actually have to emit a lot less of this gas than we were. It also says that if we want to stabilise it only 100 per cent above pre industrial levels, then we have to do that by slowing emissions almost immediately over the next few decades.

It also says that, even if we want to allow for a tripling of concentrations, that will mean that total emissions from the world need not go above twice what they are now before they come down. This is quite a challenge. It is quite a challenge for a number of reasons because there are two billion people on the earth at the moment that do not have energy available to them in any significant amount. They want the benefits that we all experience from having that energy available and they are attempting to obtain that.

In the same time as these scenarios are developing, the world’s population will increase by another two billion people. They will want the same emissions, the same energy. We are committed, through the investment we have in the existing energy systems, to actually use fossil fuels as a mode of energy at least for some time into the future. So these things mean it is almost inevitable we are not going to be able to achieve the green line in these curves, the doubling of concentration in the atmosphere, we may perhaps fall somewhere between the doubling and the tripling.

The bottom line of that is that it tells us we are going to have a continuation of the kind of warming that John has already referred to into this century. Secondly, if the Kyoto Protocol was agreed, ratified and adhered to tomorrow, it would actually have not a lot of impact on these stabilisations, because you will really have to make substantial reductions of the emissions globally, not just in the developed countries, in order to achieve that kind of outcome.

So if this going to happen, what is the global consequence? What is the climate consequence of this? Not an easy question to answer. What would be dangerous, if you like, as the words of the convention actually talk about? The properties of greenhouse gases, as John pointed out, are well known. We know how they interfere with the exchange of radiation but how the energy that they intercept gets transferred into the total climate system is not as easily decidable. Basically, we cannot take a planet out there that is like earth and inject some CO2 into its atmosphere and say, ‘This is what is going to happen by experiment.’ The only way we have open to ourselves is to try to replicate the climate system in equations that represent all the components of a system and solve those in a computer and say, ‘Yes this is what we think will happen.’ That is what we do. 

We write these equations. There are very complex models that we have to build to do this. Why? Simply because if you think about it, the climate systems are enormously complicated. We have to account for those radiation exchanges that John has already mentioned. We then have to account for the fact that warming is differential because the earth is spherical. So parts of the ocean, parts atmosphere are differentially warm. That means these things mix and transfer energy themselves. Some of the heat actually exchanges water into the atmosphere, and that in itself transfers energy but creates clouds that interferes with the exchange of solar radiation. These things all need to be included in these models.

What happens when we run these models? Why do we have any confidence that these models can be used to provide some indication of where we are going? The reason is that these models do not have any data in them. They actually have the equations that represent the physical processes. But, when we run them, when we time step them forward in time, we find they produce high pressure systems and low pressure systems that rotate around the plant; they produce fronts that move forward and dump rain; they produce monsoons; and indeed the more recent ones that we are running produce things like tropical cyclones and El Nino events. They produce a lot of the things we know about the climate. They produce the diurnal cycle of temperature, the annual cycle of rainfall and temperature very well. This gives scientists confidence that most of the physics and dynamics that needs to be in the model are there. Therefore, when we perturb the model system slightly by adding a bit more carbon dioxide to it, what we see is a good indication of what is going to happen to the real climate system which is more complicated.

So what happens? Let us have a look at the next slide which shows the outcomes of one of these model runs. It shows the temperature warming from about the beginning of last century that we expect as greenhouse gases have been put into the atmosphere. So red line shows a run in which we simply added the greenhouse gases according to what actually happened, and then beyond now what we think would happen with one scenario of human activity. Of course, one of the biggest uncertainties about the future climate change is: what will people do about this? How much will we be changed by technology in terms of the energy we use? That is one of the bigger uncertainties about determining the future. But models generally—this one is one that is run in Australia but there are others run around the world—show this kind of thing. By the end of the century there will be two, three, four or even five degrees of warming. 

You can see how sensitive they are, the models themselves. If we add into this particular model the effects of aerosols—that is sulfate particles that are put into the atmosphere as a result of combustion of fuels also—they tend to reflect sunlight back and slightly cool the planet and we get less warming. That is the blue line. 

How do we know that this is right? We can validate in some ways. One of the validations is that we can compare what these models say with what has happened. That is what the black line is, the line that John showed in his overheads. That is, this is what has happened to the global temperature, and very roughly it looks like what the models are saying should have happened—a small but discernible change over this period of time.

When we can look at it in other ways. We can validate against modelling what happened between interglacial and glacial periods? We have done that. Or we can do more sophisticated comparisons of the patterns of change. What happens in the upper atmosphere compared with the lower atmosphere, the equator compared with the poles. These validations give us confidence that in fact the models are representing the real climate system. What we see at the moment is likely to be not entirely but somethingly influenced by these gases already in the atmosphere.

The problem with these models at the moment is we cannot answer the questions that most of you want to know, and that is: what happens to the ACT, what happens to the south‑west of Western Australia or what happens to specific areas? If you think about it, you realise that, if you want to know that, you need to have the models so precise that they get the predictions right within a degree or so. You can imagine if you are sitting in the south‑west of Western Australia and the fronts are coming through in the winter, if you get them wrong by a degree or so, you get quite different answers. That is what the research currently is about, trying to make those improvements so that we can predict on a reasonable basis what is going to happen. And therefore people can link that more directly to the kinds of impacts that we are potentially going to see as a result of this change.

So, in summary, I think we could say we have a very good idea now of how greenhouse gases are growing in the atmosphere and why. It is unlikely that we can stabilise carbon dioxide in the atmosphere until well into this century, and thus the continuation of the climate change that we are seeing is quite likely. 

The climate models are far from perfect but they do provide a good indication of the gross features of the warming of the planet expected from future levels of greenhouse gases. And, finally, unfortunately we are unable at the moment to provide regionally specific descriptions of how these general changes will manifest themselves in terms of local change. 

One of the outcomes of this general warming will be impacts on the ocean itself. I will ask John Church to give you some information about that.

  Dr CHURCH:        
Thanks Graeme. Good afternoon, I am going to make some comments about the ocean and in particular sea‑level rise. The main points I want to make are that the oceans have been warming, and we have seen that unequivocally over the last few decades. Sea‑level has been rising and will continue to rise for centuries. I want to finish off the talk with a small video loop showing the outputs of one of the models that Graeme has talked about. It is these tools that are important for understanding the impacts and for minimising the negative impacts and taking what opportunities there are.

John and Graeme presented information on increases in atmospheric concentration of greenhouse gases and increases in atmospheric temperatures. Should this not lead to changes in ocean changes? It is only really in the last decade that we have a comprehensive set of ocean observations but, by comparing this set with historical data, we can look at what changes have occurred over recent decades. And indeed the oceans have been warming. 

The best information comes from the North Atlantic where we have seen large‑scale warming of the North Atlantic. For example, at 24 North in the North Atlantic, we see warming at the rate of a degree Celsius over a full century over the full width of the Atlantic. A nearby station at Bermuda, which dates back to the early part of this century, indicates this is not just decadal variation but a long‑term trend that we are seeing in the ocean. There has also been studies in the Arctic, in the south Atlantic, and people in Australia have done work particularly in the Pacific and in the Indian Ocean. 

In the Pacific and Indian Oceans, this warming is confined to the upper one kilometre or so of the ocean, which is exactly what you would expect from a warming surface and the subsequent circulation of the ocean and the movement of the surface warming into the ocean interior. This ocean warming represents a vast amount of energy. To give you some idea of that, over the last 50 years from roughly 1948 to 1998, the amount of energy absorbed by the ocean is about 1,000 times the annual energy consumption today. This is a significant fraction of the amount of warming that you would expect from the greenhouse gases, as demonstrated by Graeme, but significantly more than is possible to get from variations in the solar output. That is, the observations we are seeing are consistent with greenhouse warming of the planet but are not consistent with solar variations.

As water warms, it expands so, as the ocean warms, the will expand and that will lead to sea‑level rise. The way we measure relative sea‑level rise is through tide gauges. If you look at panel 7, I have shown here a number of records from around the globe of relative sea‑level rise corrected for land movements. For example, Sydney shows a rise of 1.1 millimetres per year over the century; Fremantle, 1.7; Honolulu 1.7; San Francisco, 1.2; and New York 2 millimetre per year. The difference between these locations may be because we have not adequately corrected the land motions or it may be a real signal associated with a pattern of sea‑level rise. We actually do not know the answer to that yet. But, hopefully, that is one of the things that satellites will hope to tell us. 

Note that this rate of sea‑level rise during the 20th century is considerably faster than the geological record tells us—perhaps a factor of five faster than the rate of sea‑level rise over the last several thousand years. From these short records from the 20th century, we cannot see an acceleration during the 20th century. But if you look at long records dating back to the 1700s, you can see an acceleration in sea‑level rise.

We can also attempt to simulate thermal expansion or sea‑level rise from ocean warming in models, and slide eight results from a series of models from various centres around the world. It is the thermal expansion contribution to sea-level rise from 1910 to 1990. Over this period, we see the models predict a sea‑level rise of between 2½ and 6½ centimetres per year. This is in broad agreement with what the observations say of ocean thermal expansion. 

Plotted on that figure 8 are also two observational estimates. The upper blue dotted line is the station near Bermuda which shows the rate of thermal expansion of one millimetre per year. The lower dotted line is a compilation of global observations. And we see that the models roughly fit between these two sets of observations. So there is some agreement between the models and the observations.

Of course, there are other contributions to sea‑level rise as well. During the 20th and 21st centuries, glaciers have been melting. We can compute that from models and we also have observations of the retreat of glaciers, I am particularly talking about non-polar glaciers in places like Switzerland. There is also a positive contribution from the carving of icebergs and the melting of the Greenland ice sheet. For Antartica, it is too cold to have significant melting so we only have the ongoing contribution from the carving of glaciers. That is unchanged on these time scales by climate change. However, there is an increase in precipitation computed from the models as a result of a warmer atmosphere, and this offsets to some extent other contributions to sea‑level rise. 

There were also changes in terrestrial storage, and there is a long‑term ongoing adjustment of the Antarctic and Greenland ice sheets since the last glacial maximum. Again, this is leading to a positive contribution to sea‑level rise. We can test our models by comparing them with the observations. Remember the observations indicate a sea‑level rise of 1 to 2 millimetres per year this century. Our calculated rate of sea‑level rise is about 1 millimetre per year. So it is at the lower end of the observed range but with fairly wide error bars. 

By 2100 we expect sea‑levels to be between 15 and 90 centimetres above 1990 levels. That is still unfortunately quite a wide range. It comes from the many components that we have to take account of to compute sea‑level rise. A particularly important impact of sea‑level rise will be the change in frequency of extreme events or the change in frequency of storm surges of a particular height. There will be a reduction in the return period of these storm surges, and this is how in fact we will experience sea‑level rise. We won’t be able to point to any particular extreme event and say, ‘That is greenhouse,’ but we will expect a change in frequency.

Finally, I want to touch on longer term projections. The ocean has a huge heat capacity and therefore takes a long time for it to come back into equilibrium with the atmosphere. Even after 500 years after stabilisation of greenhouse gases in the atmosphere, sea‑level rise or thermal expansion will be continuing. For a quadrupling of carbon dioxide in the atmosphere, that ultimate sea-level rise from thermal expansion may be one to four metres. 

Glaciers will continue to melt. There is currently about half a metre of sea‑level equivalent locked up in glaciers. They will continue to retreat for several hundred years. Greenland is a major contribution on the long time scale. For just a three-degrees Celsius warming over Greenland, a range well within model projections, the rate of melting of the Greenland ice sheet will actually be larger than the precipitation. So no matter what happens to the carving rate of icebergs, Greenland will continue to make a positive contribution to sea‑level rise. And that could be a substantial amount in the longer term.

There has been much speculation on the fate of the west Antarctic ice sheet: is it about to fall into the ocean? Our current thinking does not favour that catastrophic collapse of the west Antarctic ice sheet but rather a slower, longer term response. However, I should note that the current models of the west Antarctic ice sheet do not contain all the physical terms that are important.

In conclusion, I want to reiterate the main points: firstly, the oceans are warming; secondly, sea‑level has risen during the 20th century and will continue to rise during the 21st century; and thirdly there are longer term implications. Actions that are taken during the 21st century will have implications for centuries to come. 

I want to finish off the talk with a short movie loop. This loop comes from the CSIRO model and is shown on the sheet over to your right. It shows temperatures from 1881 through to 2100 with greenhouse gases increasing in the atmosphere as observed up until 1990 and then projected up to 2100, following what is called the IS92 ice scenario up to about three times pre-industrial levels.

The temperatures shown are anomalies compared to the 1961‑90 period. Temperatures in blue are temperatures below that. And yellows through reds and purples are temperatures above the average. Graeme will start the movie loop running, and now you can see the complex pattern of temperature anomalies. At any one time you will have both positive and negative temperature anomalies, and they are propagating around the globe. 

By about 1970 you are back up to the average temperature. You see roughly equal blue and yellow areas. By 2000, that is today’s temperature, you still note there are regions of the globe where the temperatures are below the period 1960 to 1990, and that continues into the 21st century. I note the temperature rise is amplified at high latitudes. The anomalies are larger at high latitudes and larger over the oceans. By about 2100 the average warming is about three to four degrees. The warming is greatest in the far northern latitudes, smallest in the southern ocean because of heat uptake by the ocean. And note over Greenland the temperatures are well above the three degrees critical limit at which melting exceeds precipitation. I think I will just stop there.

  COMPERE:     
Thank you very much to all three of our speakers. I am sure you are all glad you do not live in Greenland. Just to remind you, John Zillman is head of the Bureau of Meteorology—what we used to call the weather bureau. Graeme Pearman is the Head of the CSIRO Division of Atmospheric Research. And John Church who has just finished—I will give you his full title this time—is leader of the polar waters subprogram in the Antarctic Cooperative Research Centre in CSIRO marine research activities. We now move to our period of questions.

  QUESTION:         
I ask each of the three scientific speakers today: yours is a fairly scientific assessment, but is it a sort of a cry from the heart to governments particularly to do more to both study and work on solutions than what we have seen so far? It is still, as wee have seen recently, a bit of a political hot potato in the sense that we have significant groups still challenging the science. 

Secondly, given the sort of data you show here, and it seems rather persuasive but we are still persuasive journalists possibly, to what extent have you been unable to get the message across more strongly because of the very power of the interests who would argue against it? I am thinking particularly here of the fossil fuel companies, the oil industry and high energy users?

  Dr ZILLMAN:       
The science we present is not a cry from the heart. It is an attempt to get to the truth, to get to the most objective picture we can of the science. The understanding is essential for a lot of purposes. If we can model climate in an effective way, we can predict seasonal to inter-annual variations with the same models—the El Ninos, the droughts and floods. I believe that the entire international scientific effort is directed at getting a better understanding and a capability to predict, as well as trying to analyse the reasons for what has happened, so as to be able to inform policy decisions at both the short and long term.

To what extent do we feel the message is not getting across? I believe that the speed with which the world responded to the scientific assessments in the early 1980s through the negotiation of the Framework Convention on Climate Change was unprecedented in the interaction of science and policy. I think it was extremely good science. It was handled extremely responsibly by the scientific community, but the policy response was far faster than any other area that I can think of where a scientific issue requiring policy consideration has been negotiated.

  Dr PEARMAN:       
From my perspective, what has happened is similar to John—there has been a rapid change. It is quite reasonable within the kind of community we have there should be both scepticism and debate because the underpinning science is only part of the whole story. We need policy responses to both have the best science underpinning them, which is what we are about, but also to take into account the many other issues for other sectors of the community that will determine what really should happen in the future. 

So we are not really about setting policy in this regard at all. It is about making sure that, if our organisations invest money in research in these areas, the best information we can bring to bear on those topics not only from our own research but also from our connections with the international community are brought to bear.

  QUESTION:         
I have a two-part question, one about science and one about the real world. As you would be aware, the sceptical body of opinion on greenhouse seems to have been charging up over the last year or so. I have been not bombarded but I get a fair bit of stuff from the sceptics. I would like to put to you a quote from an article that has been put to me coming off a researcher from Melbourne, Warrick Hughes. This is a quote:

Hughes’ work now seems to prove conclusively that there is widespread contamination of the surface data by urban heat island effects. He has also identified glaring errors and discrepancies, particularly in the data on Siberia, which accounts for more than half the warming in the surface graphs.

I wonder if you can respond to that in particular, and in general the figures of the graph in slide three; how much confidence do you have in those figures?

The second question: if there is going to be a reduction in fossil fuel use, it has to come down to price points so that fossil fuels are more expensive and alternative energy sources are more competitive.  We are in that situation right now: it is called an oil crisis. We all saw on our TV screens last night French truck drivers, English taxi drivers and Australian motorists very upset about the rising prices of oil. From the context you guys are coming from what message would you try to give to those motorists?

I wonder respond to that stuff in particular and in general the figures of the graph you show in slide three, how much confidence you have in those figures? 

The second question: if there is going to be a reduction in fossil fuel use, it has to come to down to price points fossil fuels and alternate fuels are more competitive. We are in a situation right now it is called the oil crisis. We all saw in our TV screens French truck drivers, English taxi drivers and Australian motorists very upset about the rising price in oil. From the context you guys are coming from, what message try to give to those motorists?

  Dr ZILLMAN:       
I will respond to the first question. The answer there is that there is an extremely high level of confidence in the trends shown in figure 3. There has been a huge effort over the past 20 years to remove all the contamination from the effects, such as the so‑called urban heat island effect, from the data. In the stations that are used, the thousand or so stations that are used around the world to produce that graph, it is based also on sea temperatures over the ocean which have been measured very carefully by ships over the last century where there is no urban heat island effect, the level of confidence is extremely high. All the contamination has been removed. There is remarkable agreement with the data from various sources including satellites. There was some earlier discrepancy, but that is almost entirely removed. The level of confidence in the data is extremely high.

Dr CHURCH:       
If  I can add to that: the sub-surface ocean temperatures also are not contaminated by heat island effect. They are primarily done by research ships. So they are high quality observations. I think it is unequivocal that the oceans are warming. 

Dr PEARMAN:
That is to say nothing of the whole pile of other evidence that needs to be brought to bear on this issue. The conclusion that there is a strong warming trend is not just based on that particular data. 

With regard to the other question, it is a much more difficult question, but a very legitimate question. What do we do about this? The first thing is that it does not necessarily mean, as you suggested, that there has to be a reduction in the use of fossil fuels. For a start, one option is to make sure that the carbon dioxide does not get into the atmosphere. This is already happening in oilwells where people are returning carbon dioxide down the wells. It is already happening in Australia where methane as a result of mining of control is being used rather than let into the atmosphere or gases taken back down into the coal seams and storing it away. 

So there is an alternate there which means one can continue to use these fuels, given the enormous investment as I pointed out before in these fuels and the fact that none of us want to jeopardise our futures as a result of the need for energy and for us to have the kinds of systems we have. But the answer I think is that there is no single answer. 

Technology will provide all sorts of options into the future with regard to energy efficiency, improved combustion technology, sequestration of carbon dioxide into coal seams and so on, and for alternative energy sources such as solar and wind power. There is a huge range of possibilities that offer huge opportunities for large parts of the industry sector of the community. So it is not a straightforward question. It is not really a scientific question. It will be a conflict and a part of the free market that determines what kind of energy futures we have.

  QUESTION:         
Dr Pearman, I would like to pick up on what you were saying about fossil fuels and technology providing the answers. Earlier you said that, even if the Kyoto Protocol were implemented tomorrow, it would probably have no effect. Essentially, are you saying that we stick with what we are doing now and wait for the answer to come up? With these graphs that we are seeing here on the TV links, it looks as though we are definitely rapidly getting too warm. When is hot too hot; and how long can we wait? 

  Dr PEARMAN:       
That is a very good question. The reality at the moment if you look at the framework convention is that it talks about not allowing things to change the climate system in a dangerous way. We do not know what dangerous means at the moment. That is the reason why I said doubling or tripling because I could not actually pin that down. No‑one can at the moment. 

What we are involved in is an ongoing process which says that this is something we are doing to the plant. It is something we are all doing. We need to work through a process, which is part of the framework convention, whereby we modify and develop agreements across the planet that means do we get it under control at some time in the future. 

That process from the Australian government point of view, for example, includes taking into consideration what the rest of the world would do, the developing countries. It is not an easy issue but it is something that we will be developing. Kyoto is not the answer. That is all I am saying. It will need to develop over the next few decades.

  QUESTION:         
You mentioned that we may not even be able to achieve a doubling of CO2. Can you outline for us the likely impacts we are going to see under both the doubling and tripling scenarios.  Particularly the third assessment report is due out next year and that will provide a host of new science. Can you give us any insights into what that might contain? Does that therefore send a message to us that the Kyoto Protocol is not enough, that we need to go a lot further and that Kyoto is only the first step?

  Dr ZILLMAN:       
From the perspective of the forthcoming third assessment report of the IPCC, the science that will come out in that will essentially confirm—perhaps strengthen—the science from the second report. It will foreshadow temperature rises globally averaged of somewhere between a 1½ degree  and 4 ½ degrees by 2100 for the range of emission scenarios that are currently considered reasonable. The IPCC has done a huge assessment of all the scenarios of future non-policy intervention emissions and set up a group of representative ones. As I said, the warming impact, the sea‑level rise impact, is pretty close to what was foreshadowed in the second report. 

As Graeme said earlier, the difficulty is that the models are not yet good enough to say what that means at the country and regional level. All the impact work has to therefore be based on essentially scenarios of climate change, guided by predictions from the models and based on the emission scenarios.

  QUESTION:         
If I can just follow up on Chelsea Martin’s question about when is hot too hot. For the layman sitting here watching this, it seems that what you are planning is a potential doomsday scenario. Is that the case? If I might just refer to Graeme Pearman’s comments. One takes great heart from the natural optimism that we will find solutions to these things, but is there a danger, certainly in terms of political will and community attitude, that that natural optimism translates into in this country good old Australian ‘she’ll be right’ attitudes? Maybe it won’t be right and maybe it will be too late.

  Dr PEARMAN:       
There is a possibility of that. I think that I take heart, as John said, that from someone who has actually been researching this for 30 years, what has happened in the last 10 years has been quite dramatic in terms of establishing the international framework convention. Most big companies around the world and governments have gone on from saying, ‘We really doubt this totally’ to ‘We really need to have some action.’ That is where I guess my optimism comes from. I am not a technocrat. I think there are all sorts of options also in technology in revamping, if you like, the way we provide our energy for industry, for domestic use and for commercial use. I think there are all sorts of options available for us. 

There is always a concern, and certainly the concern of ours, that if the strength of the scientific message that there is a problem to contend with here does not get through, that could be quite detrimental to us all. We do not want that happen. We want to try to use the best information we can. That is partly the reason, I suppose, for having events like this.

  Dr CHURCH:        
I would like to add to that. I think ‘doomsday situation’ are the wrong words to use. It is an important issue that we have to confront. We need the information. There are going to be technical solutions; we are also going to have to adapt to some extent; but ‘doomsday’ is the wrong term to use.

NOTE: There may be a couple of minutes missing before the end.

- END OF TRANSCRIPT
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