December 2, 2007 McMurdo Station, Antarctica

Ken Mankoff, Climate Model Developer, Center for Climate Systems Research at Columbia University, NASA Goddard Institute for Space Studies

AP: Can you tell me a little bit about your research?

KM:  Well, actually I don’t do a lot of research.  I’m a software developer, and the main project I work on is EdGCM, the Educational Global Climate Model, and what we’re trying to do is get the climate models and the science behind the whole process to the public, sort of democratizing climate science.  Until 2 or 3 years ago, if you wanted to run a climate model, you would need a couple of things: you would need a supercomputer and an advanced FORTRAN programmer.  What we realized is that a modern or relatively modern laptop or desktop computer is equivalent to in terms of speed and processor power to a decade old supercomputer.  So we took a real climate model from ten years ago and got it working on Mac and Windows so now you don’t need a supercomputer anymore.  And then in order to remove the FORTRAN programmer we wrapped it in a graphical interface.  You can add CO2, you can rearrange the continents, you can turn the sun down, you can change the orbit, you can basically control large parts of the model through a graphical interface.

AP: What does it actually mean to run a model?  Is that like making up different scenarios and seeing what would happen?

KM: So it’s the whole process from where you come up with a hypothesis, for example “what would happen if everybody left the earth right now, but right before they left they turned off all the lights and all the power plants.  What would the earth continue to do?"  or "What happens if we obey Kyoto or not?" You can then create the scenario with numbers in the graphical interface.  You input the trend of CO2 growth for the past hundred years up to today, and then you say from today onward there will be no more emissions. Or whatever it is that you choose for your experiment. And then you hit a play button and you’re now actually running the model. 

The model itself is an old fortran code base, originally born in the 1970’s on punch cards and has evolved since then until about a decade ago, because we’re using a ten year old model.  The model runs, there’s nothing fancy like Google Earth. On a modern computer you can simulate 100 to 150 model years in 24 human hours.

That is the GCM model. EdGCM is a wrapper, it’s all these other programs all together.  So the model just does these physical computations. There’s then post processing routines.  We also provide an easy way to move through the model output files.  So, say you’re at the year 2100, average together ten years to reduce the signal to noise ratio, extract the years you’re interested in, and then visualize. There are hundreds of variables that come out of this, you select the ones you want, you extract them and then there’s even visualization where finally a map will pop up, and you can look at the map at the beginning of the simulation, at the end, and you can even sort of drag and drop and create a difference map so you can see a change.  

You can actually recreate many of the real climate studies you hear about in the news today that the scientists are doing.  They are doing them on the higher resolution much more powerful models on the real supercomputers using the fortran programmers, but you can recreate them at a simple level.

AP: You mentioned something about ‘averaging’ the results, can you speak more about what that means?

KM: So, yes, let me think for a second.

AP: Because this is something I’m always kind of struggling with when I’m looking at these projections whether they are..well, usually with these models you get one model that says we’re going to have five degrees, and another model that says we’re going to have ten degrees, and so the average of that is 7 or something, and that just seems kind of funny to me, how do you feel about that?

KM: That’s no the type of average I was speaking of.  In this whole suite of programs from creating the hypothesis to viewing the visualization, we touch on a lot of areas outside of just running climate models, everything from physics to scientific visualization to statistical concepts too, and so if somebody says this is the estimated climate in the year 2100, they are not going to actually talk about one specific day in the year 2100.  You’ll take ten years from the year 2095 to 2104 for example and average them all together.

Even if you’re talking about January or winter rather than annual averages, you’ll still be averaging. Let’s say we were talking about winter in the year 2100, we’d actually be taking about 3 months:  December, January, February, averaged together, for ten years (30 months total). 

We average because each year in the model and in reality has variability. It’s the same thing in the past, if we take average temperatures in McMurdo Station, Antarctica in some month is some number. You don’t just look at last year, because year to year it wiggles a lot, but if you average ten years together you reduce your signal to noise ratio. 

So that is the 'averaging' I was discussing above. In response to your question, I do not believe that the scientists average across different models. If one predicts a 10 degree warming and the other a 5 degree warming you wouldn't say we expect a 7.5 degree warming which is the average. The phrasing is usually that we would expect a warming in the range of 5 to 10 degrees.

AP: So as someone who has worked a lot with climate and these different types of models, I wanted to ask you again about this averaging thing, the averaging over long periods of time, and how it ties into the way people think about and understand climate?  I’ve been doing some reading about how climate has been defined as a stable condition, this is 100 years ago, the scientists were saying you have a stable condition and then you have anomalies within that.  How do you see climate now and how does this idea of averaging over ten years or a month… I’m thinking more about perceptions of climate because I think that’s what you’re doing, you’re bringing it out to students and the public.

KM: Well, one of the main misconceptions about climate is the difference between weather and climate.  So, weather is what we experience over the course of minutes, hours, days, weeks, maybe months, and climate is a statistical average of weather over months, years, decades, hundreds, thousands and even hundreds of thousands of years.  And one of the standard questions I hear is: how can you predict the climate when you can’t predict the weather more than 3 days out? And I always ask a simple question in response which is: can you tell me whether or not it’s going to rain in 3 weeks?  And the answer is ‘no’.  Ok, but can you tell me, let’s say we’re in the Northern Hemisphere, will it be warmer in June or in December? And most people can answer that question and that’s the definition of climate in a sort of intuitive way.

AP: Right but when you think about an average and say you’ll take the average of a number of years and included in that is the ice age for example, you know it doesn’t really mean the same thing.

KM: What you average depends on what you’re trying to look at and what you’re claiming about your results, but it would probably be incorrect to average over an ice age.  You would probably be aware of where the ice age is and you would take an average before and an average after and say here is a typical ice house environment and a non-ice house environment.  Likewise if we were going to do a year average, you are not implying the temperature is flat all year long and that January is the same as July, you say this is an annual average.  So you have to have a statistical understanding of what you’re doing, and maybe not just you, but it’s important for the audience to have this understanding also, and that’s one of the main jobs of somebody who is doing outreach or trying to communicate the science to the public is to kind of make them aware and understand all these things.

AP: So what kind of science is the EdGCM based on?

KM: What kind of science is it based on?

AP: Yeah, what kind of science goes into the building of that model?

KM: A lot. I don't know if I could tell you all of it. I don't know all of it myself.

AP: Many many years of research...

KM: I don’t know the order of magnitude, but thousands, tens of thousands of man hours from tens or hundreds of disciplines, there’s soil physics, there’s vegetation, there’s everything from the sun and the top of the atmosphere to the land surface to the oceans and the way ice melts. It is a comprehensive simulation, very detailed in some ways, lacking in others. It does not provide a crystal clear high quality photograph of what the future is going to be like. It’s a tool which provides answers to questions when those questions are posed correctly.  But there’s a lot of stuff that has gone into these models, and again, we’re using a decade old model.  The past ten years have seen huge amounts of resources, research money and time poured into these things, which is why they’ve gotten better and more accurate and more powerful.

AP: So is there another GCM that’s used?  I heard that term at NCAR.  There’s a GCM that scientists share internationally? 

KM: There are 3 major GCMs in the US.  GCM by the way is Global Climate Model or General Circulation Model, because it’s circulation of the atmosphere.  It started out as General Circulation but as it became more comprehensive it included ocean and things like that, I think the term Global Climate Model is predominant now.   There is I believe 3 major ones in the US, or 3 major modeling houses might be the right phrase.  GISS, the Goddard Institute of Space Studies where I work is one, there are multiple models at GISS.  NCAR in Boulder is another one and GFDL, the Geophysical Fluid Dynamics Laboratory in Princeton has one, and there are a couple others out there, but those are the three large places.  The UK has one, Australia has one, Europe has a couple, so GCMs are sort of government scale projects.

AP: And are these sort of distributed models?  As a programmer, how does it work on the back end?  At NCAR I saw some amazing mainframe computers, are all the GCMs that you mentioned located in specific places or are they distributed.

KM: Multiple people in multiple labs use them, they are often logging in to shared computer resources.  Some of our supercomputers are in our building, some of them are in Maryland I believe, and some of them might be in San Francisco at the Ames research center. I’m not always exactly sure where I am when I log in to a remote machine.  So it is distributed in terms of researchers and programmers are sometimes located in different places, sharing resources over the internet, and different people from different labs and universities are running them.  It's not distributed in the computing sense, meaning it’s running out on multiple computers, and the reason for that is…so a classic distributed computing model that works very well if you’re Pixar let’s say and you’re rendering a movie, you can take the first half of the movie and render it on this machine, turn the code into the images, and you can take the second half of the movie and render it on a machine far away, and you’ve now cut the time in half, you just then glue them together.  But the physical simulation of the planet you can’t take the first half and the second half because you haven't gotten to the second half.  You can’t take the northen half and the southern half and split them up because everything is intimately tied together.  So, we don’t do distributed computing with GCMs, we do do parallel computing, though, which means you have multiple computers in one box, that's a supercomputer,  or one form of it.  Because they are physically very close together, in the same machine, the different processor can communicate very quickly among eachother, and so now you can speed up the run time.  There is one distributed computing GCM project, it’s called climateprediction.net out of the UK.  What they do is a slightly simpler model that can run on personal computers.  They ship out a model to thousands of different computers, but you’re not shaing, you’re running your own model from start to finish.  You then ship the results back, and what that allows them to do is get hundreds of thousands…and each person probably has a slightly different random number or cloud physics scheme, or something thrown in, so they now get hundreds of thousands of simulations back.

AP: And they can use that information to change the model and make improvements and things.

KM: Yes, and they do this averaging that we spoke about earlier to get a better sense, because any one run might be high or low, just like any one day is hot or cold.

AP: Do you see a future of this kind of community involvement in climate science with improvements of computers actually being more than just educational but actually moving the science forward?  Do you see a future in that in terms of technological development?

KM: I think so, and it’s actually one of the next projects EdGCM will be working on.  What I’m interested in, is thousands or millions of CPUs, computers that are doing nothing, extremely power things.  Even videogames, Xboxes and playstations, and equivalent to not-very-old supercomputers, and they are doing nothing a lot of the time.  So there’s actually been a boom over the last five or so years of these distributed computing projects, SETI at home was the original, Google has Folding at home and there’s Einstein at home.  A lot of different projects lend themselves well to solving problems using these resources.  

AP: So potentially solving the problem of climate change could be something that everyone’s involved in.

KM: Yes, everybody already is involved in it.  And now, by everybody leaving their computers on and running…

AP: Right, that could be a problem.

KM: You’re using more power.  

AP: But at least you’re getting something out of it.

KM: Right, the return on the investment could be worth it.

AP: So speaking of SETI and work with other planets, I know that you have been involved in studying the atmospheres on other planets, can you tell me a little bit about that?

KM: Not so much the atmospheres but the land surfaces.  My first job ten years ago when I first got into this business was studying the atmosphere of earth, but my supervisor had been a principal investigator, on a large number of Mars missions back from the 60’s, Mariner, Viking, these sort of old school missions, so he loved Mars, and I got interested in it and in spare time would come up with projects and do data analysis. And so, I’d work on those part-time and got involved in a landing selection process.  So we were looking at interesting landing sites and you have to balance the concerns of the scientists who want to go where they think the science is and the engineers who want to go where they think they can land the spacecraft easily and where once the spacecraft is landed it needs to have the temperature and energy requirements to power the rover so it can’t be too high up where the atmosphere is too thin or it gets too cold, and it has to get enough sunlight if it’s a solar power rover, so we had data sets that would look at the surface photographically. We had the surface roughness to try to detect if it was a smooth or rocky area where the rover would be landing.  Thermal inertia, the temperature, the topography, slope and also the roughness.

AP: So those two things, they seem sort of distant, physically of course but also conceptually.  Studying Mars and studying the earth’s climate, do those things have anything to do with eachother?

KM: Space and computers, and scientific visualization. I’ve not focused very much, in terms of a PhD level focus on one particular topic, my interests are broad.  I daydream of maybe moving to the medical field and rather than flying around planets, flying through people’s brains or knees and helping a surgeon detect and then operate on something.  Again it’s a very different field on one level, but it is all similar if you think of it as using computers to do good and to create nice graphics and solve interesting problems.  

AP: And help people understand things that are complex.

KM: Yes.

AP: Well, I guess what I was getting at with that question about Mars and climate is does studying Mars tell us anything about the earth?

KM:  Yes, but I think a lot more of the information goes the other way.  We understand a lot of Mars by looking at ice sheets, glacial valleys, water processes on earth, things like that.  But some of what we see on Mars I imagine could be applied here.  I myself have not applied a lot in that direction.  Of course some things from Mars actually land here, there’s very little as far as I know of earth…I don’t know if we’ve detected anything from earth on Mars except for things we’ve put there.  

AP: Right, the rovers.

KM:  And the rovers have seen their own parachute debris and stuff like that. But we find meteorites from Mars here.  

AP: So what are you doing here in Antarctica?

KM: I’m in Antarctica with ANDRILL, it’s an Antarctic drilling project, and it’s a fascinating project.  We have a massive drill rig located on the temporary sea ice.  It’s drilled through the ice, which is only eight meters thick, through I believe around 900 meters of water, and then a thousand meters into the rocks below.  And one thousand meters of rock where we drilled is about twenty to twenty five million years back in time, and the project is studying the rocks to learn about the local environment and the history of Antarctica back through time.  I’m down here with ANDRILL as a science educator.  The project is called ARISE and there are 9 of us total, mostly teachers or science educators, and my job is to…it’s a wonderful job..my job is to explore Antarctica, play scientist, interact with as many people as I can in ANDRILL and McMurdo base in general, and then go forth and educate, explain what we’re doing down here to other people.

