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WR: I do some lecturing, but I mainly do research looking at snow and ice mostly from space from satellites, looking at ice dynamics and looking at snow and ice properties, what they look like and how they change with time, especially during the last years.  So I have been working on that topic for the last ten years and we saw some significant changes in snow and ice areas in Antarctica.  We call this the cryosphere, the Antarctic cryosphere.  

AP: How long have satellites been looking at the cryosphere, at least the kind of satellite data that you are looking at, how many years has that been going on?

WR: We have regular satellite images since about 30 years, but there has been a significant change in quality and actually we are looking at data that is about 15 years old.  Since that time we can use radar images, and radar gives us very good and high quality information on a regular basis from snow and ice that allows us to look in more detail into ice dynamics for example.  This was not possible in such detail before that time.  Over the last 30 years it has been getting better and better.

AP: What kind of process do you actually use to analyze this information?  Do you look at images and compare the images?  How does that actually work?

WR: Yes, that’s right, we look at the temporal development, for example we drag(?) features in the image of a time to figure out the ice flow.  If the ice flow is changing with time for example, if the ice is flowing faster and exporting more ice to the sea that could possibly contribute to sea level change for example.

AP: So in these past 15-30 years what have seen as far as changes in ice dynamics?

WR: What could be observed in Antarctica is that it is much more dynamic and variable than we thought before.  There are areas that are quite dynamic where significant changes have occurred, but there are also areas that are actually not changing that are very stable.  So for example, we observed on the Antarctic Peninsula glaciers that sped up by a factor of 3, 4 or 5 just in the last ten years.  Those glaciers are exporting more and more ice towards the sea.

AP: When you say dynamic do you mean things like, for example the Larsen ice shelf breaking up that was such a dramatic experience.  Are you talking about dynamic in that respect or are there other ways that glaciers act dynamically?

WR: That’s exactly the thing I would like to say, how fast does a glacier flow, but also how dynamic is the ice boundary of Antarctica?  So how fast is the boundary changing?  Fr example ice shelves on the margins of Antarctica, these are huge areas, and we can observe major calving events that change the boundary of Antarctica.  For example at the Larsen Ice Shelf during the last ten or twelve years or so, 15,000 square kilometers of ice was lost and that event happened in a very short period of time.  Normally, cryosphere or glaciers, especially glaciers in Antarctica are believed to be very stable, so what we can observe in a very short period of time is unexpected.  Because we can say, OK it’s just changing within hundreds of years, but now we see OK it can change within weeks of it can change within months.  

AP: Now my understanding of Antarctica as a whole is that it is actually getting cooler, or not warming, so it’s interesting to hear that there is a significant loss of ice, I had heard different things.

WR: Yes, normally one hears different things because the temperature is quite variable.  So in genera Antarctica is quite stable from the temperature point of view, there are even areas that are getting slightly cooler, but there are also areas like the Antarctic Peninsula where there is significant warming.  That is a very small part of Antarctica actually, but nevertheless it is one part of the world where the warming rate is higher than in most parts of the world.  So from a statistical point of view the climate warming in that area is significant, so it was about 2 ½ degrees during the past fifty years, almost three degrees actually and the consequence that we could observe were significant changes in the glaciers and in the ice shelves, but that is not the case for the large areas of Antarctica in the South.  We have a little bit to decide between the West and the East Antarctic ice sheet because the East Antarctic ice sheet is believed to be very stable and recent observations show that the West Antarctic ice sheet is also changing, the surface elevation is lowering and ice velocity is also changing there, and the West Antarctic ice sheet is an area that is also believed to be potentially unstable.  The reason for that is that the ice of the West Antarctic ice sheet is grounded below sea level and the East Antarctic ice sheet is grounded above sea level.  So removing all the ice in Antarctica would leave a continent or land in the area of the East Antarctic ice sheet and would leave islands on the West Antarctic ice sheet area. And that is the reason why the West Antarctic ice sheet is believed to be potentially unstable, because it interacts much more with the ocean.  That also means that if the West Antarctic ice sheet is going to disintegrate it’s a sea level rise equivalent of about 6 meters, so it’s not so much potential to rise seal level as the East Antarctic ice sheet because the whole Antarctic ice sheet could raise sea level by about 70 meters, but the potentially unstable part could raise it by 6 meters.  

AP: So your work with gathering satellite data really depends on the support of governments to put the satellites up there and make the information available, and I wonder if you could speak about your experiences over these last 15 or 20 years of he relationship between science and governments and how climate research has been supported or not.

WR: OK, well it’s like with research in general, and especially those types of research that are not directly related to economic output.  We are doing research that is not directly related to raising the economy.  It's basic climate research and of course like others we would like to have more funding, but on the other hand we also have quite good tools which of course are provided in the end by the taxpayer which are remote sensing satellites, and we can use that data.  There are developments.  On the one hand the satellite technology is getting better and better, on the other hand we would like to have satellite systems that are specifically dedicated to cryospheric research, and of course it’s hard to raise the funding for that.  So just for an example, the highest precision possible to measure ice dynamics is by a technique called seifermometry (?) which needs two identical satellites which are separated by one day. Technology like that was available in the 1990’s. It was two European satellites and it was very useful to measure high accuracy ice dynamics.  That system is not available anymore, and at he moment it doesn’t look like we will get another system like this.  So the technology is available but funding is missing to get a system like this in space.  On the other hand, here are very high quality altimeters that are measuring surface height.  An American system that is a laser altimeter is tremendously useful to measure change in surface heights of polar ice sheets.

AP: Measuring with a laser from space?

WR: Yes, that’s the most accurate system that is available.  There will also be another satellite from the European Space Agency, it’s Cryosat. The first satellite was launched actually in 2005 and that launched failed, so we are waiting for the second launch, a back-up of that satellite that will be launched in 2009.  That shows that the international community is willing to invest money in that type of research and to get dedicated satellites in space.  Cryosat is an example that even after a failed mission, there is some money available to say OK, we would like to measure this, and we need that information to really monitor the behavior of the ice sheets.  

AP: Why do you think there is so much dedication to measuring this?

WR: To get more knowledge we would like to have certain parameters measures over time, and to have very high accuracy and of course there are still major uncertainties regarding sea level change for example.  So there are those IPCC reports for example and there are certain scenarios and here are forecasts for sea level change in the future, but of course that depends on our knowledge of how ice sheets are going to behave in a different climate.  That means we have to understand why they behave like they do in the present and why they changed in a way in the past.  That is the only way that we can get some knowledge to make some reliable predictions for the future.  So I think all the climate discussion shows there is a need to have systems like this - also for earth monitoring. One of the problems of course is that in the last year more and more money has been going to exploration of the planets, and that money of course is in some way missing for monitoring the earth.  

AP:  You mentioned the IPCC, which is a really multidisciplinary endeavor and I was wondering what role does remote sensing play in putting the pieces of the puzzle together in terms of these scenarios.  How does remote sensing play into the development of a climate change scenario for example?

WR: The most important thing is that remote sensing, or any observation but especially remote sensing observation because we need that for the huge areas in Antarctica, there is no other means to really observe it.  It shows that we still do no have the understanding that we would like to have to predict the ice sheets for the future because the models we have to the moment do not really show the current behavior.  For example for the West Antarctic ice sheet.  It shows us clearly that we need more data, more input data.  For example in Antarctica it’s not very well known but every ice dynamic model depends on the boundary conditions, for example the bedrock, what does it look like.  Is there water under the bedrock for example, lakes in Antarctica.  So if for example there is water between the ice and the bedrock, that alters the flow dynamic behavior of ice. 

AP: Can you determine that with a satellite?

WR: Not from space, but it shows us clearly where we need to have more information.  Of course glaciologists would like to measure ice thickness from space but that is not possible, so we rely on airborne measurement to measure the ice thickness.  

AP: You mean from airplanes?

WR: Airplanes yes.  

AP: And how does that actually work?

WR: That works with radar, so radar can penetrate through several thousand meters of ice.

AP: Well there are so many things you have been saying that my mind is kind of spinning, but you talked about uncertainties and you talked about the fact that what is actually being observed in West Antarctica is not the same as what the models are saying, and I think this plays into something that I see happening in terms of public understanding of science.  The public has a hard time getting a handle on what is happening with climate change because of all these uncertainties and because of all these inconsistencies and I wonder if you could speak to that problem and specific things the public needs to understand more about climate science.

WR: There are apparent inconsistencies and one reason for that is also because our observations are getting better and better.  We see for example that Antarctica is not behaving like one block of ice but we see areas that are just behaving-we make observations that are completely unexpected, that is one reason, because we are very specialized of course.  There are many groups working on that, many scientists or groups making observations, which are apparently not consistent.  And they have brought together by numerical models.  Our observations are quite good actually, and numerical models need to be combined.  Models of the oceans need to be combined with atmospheric models, and also cryospheric models have to be included.  So there is a very complex interaction between those spheres: atmosphere, cryosphere, ocean, and there is a hope that also prediction for the climate is getting better doing this.  But of course it also needs better input data, there is a need for better observations of course.

AP: But is it true, even if we had the bst observations possible and spent all the money in the world on this.  Is it true that because of climate being a complex system , would it be foolproof?

WR: It’s getting better. We never will have a complete set of observations, perhaps what we would like to have.  We have to find out what are most important things to measure and what are the most important places to measure.  So, to decide what are the important things we would like to know, the most important things to include in the models.  But also in numerical modeling, the models are getting better.  The computer power is getting better and better and that is also crucial to advance our knowledge.

AP: So you are confident that predictions will be perfect some day?

WR: They never will be perfect, predictions never will be perfect, they have their limitations, we have to keep that in mind, which limitations they have.  But they will get better, they are definitely getting better because there is a lot of research going on in how to combine those models.  As I said, to combine oceanic models with atmosphere and cryosphere.

AP: I think this is something that public understanding struggles with is that prediction will never be perfect.  People think that some day science will be able to tell us, because they are looking at physics of astronomy of something like that.  Is there something different about the nature of climate science that people need to understand?

WR: Uncertain things are the scenarios that are also included in the IPCC, how humans are going to act or react to climate change.  That is one of the most important things.  What will happen to the CO2 in the atmosphere, for example.  There are any uncertainties, not only from a modeling point of view, but there are many uncertainties from a human point of view.

AP: So it’s a complex system that includes human influence.

WR: Yes that’s right and if we look at the error margins of model outputs that are presented in the IPCC, they are huge, and they mainly depend on the input for those models.  For example, if you go on with business as usual for example, just going on to raise the CO2 level in the atmosphere, or do you say OK, some scenarios say we stop at one level, or we bring it back to an earlier level and what is the time scale to do that?  

AP: I noticed that when you were talking about the changes in West Antarctica that you used the term ‘significant’ and I think you used it in a very precise kind of way.  Can you talk about that kind of precise language and how that plays into reports on climate change?

WR: I used the word significant for the climate change on the Antarctic Peninsula. In climate research we would always like to decide whether any change is significant or not so there are statistics involved.  Year to year weather may be highly variable and that is also what nowadays perhaps makes it complicated to decide between natural variability in weather phenomenon and climate change.  So it does not mean a heavy winter with heavy snow fall this year, that it’s getting colder and another ice age is on the way, and on the other hand a very dry and warm winter doesn’t mean that it is necessarily a sign of global warming.  So that temporal variability has to be taken into account, and what we need are long-term observations of the atmosphere and of the cryosphere, so we can analyze without the year-to-year variation and see what is really the climate change in that high variability.  And scientists normally speak about if something is significant, OK, there is really if you remove that background noise, you see something that is really related to climate change, something that is significant.

AP: Is there a certain percentage attached to that when you’re talking about statistical variability.

WR: Yes, there are standard statistical measurements, for examples standard deviations or gradients or whatever, it’s especially complicated in climates like the Antarctic because the natural variability is very, very high, higher than in other areas, and that is because for example of sea ice coverage.

AP: I just was wondering if when a scientist says something like significant is there a specific number that is attached to that?

WR: Yes, so significant normally means 95 percent.  So the probability is 95 percent that the change we observe is not a mere variability or a coincidence.  So a 100 percent we would say it is for sure, but 95 percent is very high.  So for example the temperature change there is the probability that the temperature rise on the Antarctic Peninsula is not a coincidence, but is real, is 95 percent. So, we are very confident that what we are observing there is a real phenomenon and not a coincidence.

AP: And how is that actually determined?  Is that through looking at a number of different models and different data and coming to an average?

WR: In the case of climate observation that means measuring climate, temperature for example, for decades, and that is what makes it so difficult, we need long time series, and that is often not the case, and that is still often not the case for satellite measurements as I said in the beginning.  Systems are in place in space for perhaps 30 years, so we are getting close and we are getting there, to have reliable observations that we can use to observe trends from satellites.  

AP: So I was reading a little bit about the history of climate science and one thing that I read is that early in the history of climate scientists believed that climate was an equilibrium, around which anomalies happened? Do you believe that or what is your point of view now in understanding climate?

WR: There is some sort of equilibrium.  If you look at ice cores from Antarctica and from those ice cores drilled down to several thousands of meters, it is possible to reconstruct temperatures for thousands of years, Greenland and Antarctica.  And we know from that that climate is not-climate is changing, climate was always changing, long before people.  So there are boundary conditions for climate cycles, for example what is the astronomical boundary conditions for examples.

AP: Before we close, is there anything else you think is important that people understand about this kind of research or about climate in general?

WR: I think the most important thing to keep in mind is that we have very good observational tools and that we can observe a high complexity and a high variability, and to understand that many observations might look controversial but because of the complexity of the system, if you look at it closer, they actually fit together.  So, I would say it’s important to keep in mind to filter out that noise in the press releases and in the reports in newspapers, that's very important and to keep the big picture in mind. 

AP: That's a great analogy, filtering out the noise.  Well, thank you very much Dr. Rack. 
