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Q:
...took away all of our beach.  And so we're going to have to now replace the beach.  And even though those are things that most folks didn't hear about, they are still things that, you know, that Superstorm Sandy actually impacted us.  Those kinds of extreme events, which is what Superstorm Sandy was, and Katrina is, was, are things that we also have to deal with.  And what climate tells us is that these things are going to happen more and more often with more and more intensity.
A:
All right, good morning everyone and thank you all for having me participate in this conversation today.  My name is Dan Bader, I work with Dr. Rosenzweig up in New York City at NASA GISS and Columbia University.  Cynthia apologizes, she's not able to be here and speak to everyone today.  But I will do my best to convey the message in her, in the best manner possible.  

Our research at GISS and Columbia is focused on climate change impact and adaptation.  We are a partnership of NASA and Columbia.  So you're combining these two great institutions from the science side and the government side you have NASA, the academic side you have Columbia University.  A wealth of knowledge to be able to do the research that we do.  

The ultimate goal and my job as a scientist speaking to everyone today is to clearly communicate key climate information relevant to the Washington D.C. area, and frame it in a context such that we recognize we've been vulnerable to the climate in the past.  We are vulnerable now, vulnerabilities are going to exist into the future.  Let's start thinking to build resiliency and protect against some of these risks in the future.  

On a lighter note, this is a conversation and there's going to be a lot of back and forth about questions.  I think I'll ask the first question, which probably crossed some people's minds; why is there a picture of the Seinfeld diner on the slide that is introducing myself?  The short answer is we are located directly above that building in Manhattan.  We sit right above Tom's Restaurant.  

So that's why you see that information there.  We're just off the Columbia campus.  And we are NASA's installation in New York City.  So with that, I look forward to talking to you all today.
Q:
Okay, and, and so why is it that we need to respond to climate?  This in particular, and climate you, we need to mitigate for the future.  We also need to adapt to current risks.  So, in the mitigation process, the, what you see here is actually a partnership that we had with the State of Florida, and they installed -- we allowed them to use our land, they installed 10 megawatts of solar panels, one megawatt of which feeds the Kennedy Space Center.  Bill?  And this is Wallis, which I was talking about Sandy and how we lost our beach.  

Again, this is where we've just had two successful launches with our commercial partner.  This is a very key -- you know, most people haven't heard of Wallis, but this is actually a very key facility for us and our commercial partner, and, again, it's, it's a barrier island and we're going to have to deal with the fact it is, the beach is eroding and the whole area is eroding.  One of the questions that always comes up and, you know, what is the difference between weather and climate?  And I'll let Dan answer that one, because he's the expert.

A:
Sure, sure, and just, just a quick moment, I don't know if we can go back.  But just related to adaptation and mitigation.  What we want to look for are strategies that somehow both allow us to mitigate and adapt at the same time.  And the example I want to use just to illustrate this point very quickly improving energy efficiency.  

Now, it's the end of summer, it was a hot summer at times.  When it gets hot, how do we adapt to it?  We turn on our air conditioning.  And the problem is when everyone turns on their air conditioning at one time, we face brown outs.  So how do we adapt against the potential of hotter temperatures in the future?  Well, if we improve energy efficiency, what we're going to be able to do is allow more people to turn on their AC at one time.  

And we'll be able to stay cool.  So we're adapting.  But at the same time, through improvements in energy efficiency, we're likely reducing our emissions.  So we're reducing our emissions and their impact on the natural environment and that's also a benefit.  So it's a win-win solution and these win-win type of solutions are what we ultimately need, need to be looking for.  But --

Q:
Great point, Dan, the, the solar field that we put in in Florida does just that.  It gives us energy, green energy.  It allows the, the state to be able to give energy to the community.  And it creates a more flexible grid.  It helps us to create, to, as a government entity, helps the nation security and safety by providing, by having a more flexible and reliable grid.

A:
Absolutely.  Absolutely.  So if we --

Q:
So now you get to tell us this.

A:
Now I get to tell you this.

Q:
[unint.] 

A:
It's very, it's very important to understand the difference between weather and climate.  So we'll go through here and we see that weather just describes current and near term conditions, short term variations in our, in our atmosphere.  Climate describes weather patterns over a longer period of time.  It's an average or a statistic of these weather events.  

And the popular expression that people in the field like to say is weather is what you get, climate is what you expect.  Now, what does that really mean?  Well, I'm a meteorologist by training and I watch the forecasts and I guarantee just about everyone listening watches the forecast every morning.  And on the forecast you'll probably hear your local weatherperson say the average high temperature for September 20th is 75 degrees.  

The forecast high temperature is let's say 70 degrees.  Seventy-five degrees, that average of the day, is the climate statistic.  If it averages, let's say, 30 September 20th high temperatures put into one.  There'll be hot days, there'll be hot and colt days on this particular date, this is an average.  The actual high temperature recorded today is the weather.  It's what occurs today.  

So when we talk about climate and climate change, we want to look at how these weather events have changed over a longer period of time.  And it's really, really important to understand this difference between weather and climate because after a lot of extreme weather events, people want to point to change.  And now back in D.C. in, that was the summer of 2012, you'all experienced a severe thunderstorm known as the derecho.  

And a lot of people, in the wake of that, and the same thing up here in New York after hurricane Sandy, wanted to say are these events climate change?  And the real answer to that lies right here in this definition of what's weather and what's climate.  These two extreme storm events are weather events.  If we wanted to think about their climate, we'd have to analyze how these events changed over time.  So it's really important to understand this difference in weather and climate as we go forward in our conversation today.
Q:
And when, when you bring that up, it's, you know, when, when people always -- I'm waiting at the bus stop, trying to reduce my greenhouse gas emission as an individual, so I'm waiting at the bus to take me home.  And people ask, you know, well, this is, you know, this is, this weather is horrible and the climate and this and that and the other.  And I said don't confuse us.  

And I said the fact that we're getting more of these extreme events and more frequency of them and they are even more severe than before, that's climate.  And that's climate, that's an impact of climate change.  But the actual event is just weather.  We've had extreme events as long as there's been a history of, of weather, or climate, on the planet.  But the fact that they're coming more often and that they are actually more intense, is what the climate scientists are telling us is going to happen.  

And so that, that's the difference.  It is a hard question for folks to get.  And so, yeah.  And so part of what, what we need to understand is what does the record tell us.  Where are we going and why is it, why should we care?  That's the other piece, as a steward of the institution, we need to understand why should we care.  We should care because we have to prepare for it.  

We have to figure out how to respond, how to recover.  You know, and Superstorm Sandy, and Dan was one of those people who didn't have power for over a week.  Because, yeah, living in New York, and yet if New York, as a city, had not been prepared as they were, because they had actually done a lot of prep work, Dan probably would've been without electricity for months versus a week.  [unint.]  

And so we have, that's, that's, that's one of the key elements, you know.  Look at the difference between what happened in Katrina and in Sandy.  You know New York was up and running again in about a week.  And it took, you know, the Katrina, and that community months.  It's a significant difference.  And the issue was that they were prepared because they knew what they had to do for emergency response and a variety of other things.  

They couldn't stop it, but at least they, they knew what they had to do afterwards.  But, now, so, I'll ask Dan what does the climate actually tell us?
A:
Well, and, and understanding it, it's a great question.  And understanding what the climate record tell us is, in part, how we could be prepared now.  Part of the reason that we had such a great response in New York City was our knowledge of the existing climate hazards.  The climate hazards that we face today have existed over time, as I said right off the, the start.  

So if we understand what the local record is telling us, we have an understanding of what we need to prepare for.  How have temperatures changed over time?  How has sea level risen?  That's the early stages of the assessment process, identified vulnerable areas, for example, and then started to build a response.  So we don't always jump to the future, we have to look at what's happening now, see what's with us now and then go into the future from that.  

So, so in answering what does the climate record tell us.  Just to quickly look at the trends here, what has happened already?  And now, just as a preface to this whole slide, all this information is specifically for Washington, D.C.  The tidal gauge is in the Tidal Basin.  The temperature station we used is at Beltsville, Maryland.  

The reason we are using a Beltsville, Maryland station versus, let's say, Reagan Airport, is that it has longterm data -- it's a longterm data set, it's quality controlled, and as scientists you want to use that data set whenever possible because it gives us the best possible information.  So what has happened in Washington, D.C.?  And if we look at sea level rise, it has risen over time, there is individual variation between years.  

But overall, we've seen about 10 inches of sea level rise since 1930.  That's a lot of sea level rise already.  And we'll talk about the global trends in a second, in a minute or two.  But sea levels are rising in the region and has, and temperatures are rising as well.  A note with the sea level rise.  What's responsible for this trend?  When we break it down a lot of it over the past century has been caused by as you heat the planet, you heat the ocean, it expands.  

So you have this thermal expansion, but just in the past couple of years or so it's now, the dominant factor of what's causing sea level rise is an ice loss.  So it's important to keep in mind that there are local variations, and we'll talk about this a bit further.  When we look into temperature, it's risen since the start of the century about four degrees with warming since 1900.  

In the D.C. area, even though the station is not in D.C. proper, it's representative of the trends in the region.  So the century of climate data is telling us that climate is changing.  Here are two risks we need to respond to now.  Rising sea level, rising temperature.  And although it's not shown on this slide, there's also been a trend in the northeastern United States of increasing heavy precipitation events.  

These really heavy downpour events.  The Northeast has seen the greatest increase in these events compared to any other region of the country.  Now D.C. is in an interesting position of where it falls.  Is it in the Northeast or the Mid-Atlantic?  I think for the national climate assessment, it is right on the border of the two.  So even though the trend may not be as strong in Washington, increasing heavy downpours is another trend that's happening locally.  

It gives us a basis of what we need to start thinking about in responding to the future.  So, if we look at the next slide, how does what's happening in Washington, D.C., proper, relate to what's happening as on the globe itself?  This is a global annual temperature trend since 19, since 1880.  The global trend, it's risen about two degrees since the record began.  Again, you see these periods of variability that's natural to climate, the variability.  


There are going to hot years, there are going to be cold years, with an overall trend.  The overall signal is what we're looking for.  This trend, if you, and we don't have to jump back to the next slide, but this trend is half of what's seen in Washington, D.C.  So Washington, D.C. is, their temp's increasing at almost twice the global rate.  So that's illustrates, you know, how the need to respond now is very, very important.  


That we're, we're above the global average.  We need to really take these [unint.] into consideration and start preparing now.  If we were to look at a global sea level rise plot, the equivalent of this plot here for temperature.  Global sea level has risen about seven or eight inches since the start of the century, so Washington, D.C. is just above that, a little bit above that.  So these trends in Washington are faster than global average and really illustrate how we need to start thinking about responding now.
Q:
Okay, and so the, you know, part of what we need to do as stewards and as managers is to, well, how do I use this?  What do I do with it?  And, and that's part of what, you know, everyone always asks where does, where do all these predictions come from?  Where do you guys get the, get the data to, to be able to do this for us?  So.

A:
So it starts off, and now this is in the entire conversation one of the more, more difficult slides, so we'll try and go through it slowly and clearly.  And really to understand how are atmosphere, how our climate system works.  Because it's with this understanding we can move forward into thinking about how we project future climate.  

So imagine that we're on a planet, that, or a body that has no atmosphere.  And the most obvious example is the moon.  So just picture, instead of sitting wherever you are today, you're on the moon.  It's probably going to be a lot colder than it is wherever we are.  Most of us are in the Northeast, so it's kind of mild out today.  And the reason the moon has no atmosphere.  

So on a, on a body that has no atmosphere, all the energy that gets sent in from the sun is absorbed by the body and it's sent right back into space.  So without an atmosphere, all the energy that is gained is lost, right back into space.  Fortunately, on the earth we have an atmosphere and our atmosphere acts like a blanket.  

When energy is received by the earth, it's radiated back into space, our atmosphere, or this blanket, which is comprised of several different gasses, you're hear the term greenhouse gasses, it's primarily carbon dioxide, nitrous oxide and methane.  These gasses absorb the energy being released by the earth and send it back down towards the planet.  And what does that do?  That warms the planet and without an atmosphere our planet would not be habitable.  

So this scientific process, this greenhouse effect is a process that's been understood for many, many years, over entire, over the century.  We've known that this relationship exits.  And what's happening now is that through our activity we've increased the concentration of greenhouse gasses.  Because that blanket that surrounding earth, picture it's a cold winter night and you throw on a heavier blanket -- we've thrown that heavier blanket off.  

More heat's being trapped and the planet has begun to warm in response to that thicker blanket.  It's principle being well understood serves as a foundation of how we can project future -- we know how the system works.  We know that there are interactions in the climate system that take place.  This sets the foundation for modeling.  And before we go into the modeling, we have to look at what role NASA is playing.  

Because NASA plays a critical role in the modeling we're able to do, of our climate system.  NASA's orbital perspective is a critical vantage point.  You can see on this graphic a whole group of satellites and other observing, observational systems NASA is responsible for running.  A few of these, like Aqua and Terra, they're satellites.  They give us a picture of the earth in terms of we can see storm systems.  

We could track storm systems.  It's, very, very much important.  When you get into TRMM, for example, that's a precipitation based instrument.  You have QuikSCAT which looks at winds.  These allow us to keep us to keep track of how the climate is changing.  Some of these monitoring tools also record measurements of gasses and other variables that are put into global climate models.  

And NASA is playing a very critical role.  And it goes beyond just these satellites and other instruments.  We have humans in space.  And, and when we did our workshop at the Johnson Space Center -- I'll never forget on the tour how the guy who's explaining to us that, that the astronauts who were living on the space station and through time they would continually look at certain areas of the globe, and they would see, you know, glaciers retreating.  

NASA's eyes in the sky also play a critical role for seeing how our planet is changing, and this is all important to ho we project into the future.  So how do we actually project future climate, that's the question that we want to talk about.  We have the strong foundation, we understand the science, so what do we do?  We use powerful computer models to test and refine hypotheses.  

So, you see this wall, and it looks, whenever I see this image, it's very data intensive, it's big computers and a lot of numbers.  How do we actually project into the future?  How does a climate model work?  And the best explanation that, as a scientist, we can provide, is that a climate model works as a supercomputer.  It's a huge computer that's able to run equations.  

These equations govern the atmosphere, we understand how these equations work.  And we drive these equations by inputting information.  And the information that we input into these equations deals with socio-economics.  How our land use is changing over time.  How population is changing over time.  These scenarios, we call them greenhouse gas, greenhouse gas emission scenarios or representative concentration pathways is the new terminology in the field.  

Basically what we are doing is [unint.] equations putting some ingredients in based on how our society may evolve over time, how emissions may be over time, because we understand the fundamental relationship with the greenhouse effect, and how these gasses in the atmosphere, how our planet responds.  And we use these computers to run simulations, and we run it.  A number of times.  

Loads and loads and loads of simulations and we see how our system can respond.  And before we talk about the future, it is also important to see what climate models can tell us about the past.  We can run climate model simulations for the period that we have observation.  So we actually compare observational temperature and the model's temperature.  And, and why do we do that?  We do that because we want to see how 
