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... well our models are doing.  

Are we capturing in these equations the components or are we putting in the right information so that they simulate the climate properly.  And the answer is yes.  We have credible models, they do a good job at simulating past climate.  So we have credibility in making our projections for the future.  It introduced this, the leading source of information for, for private projections, it really is the inter-governmental panel on climate change.  

Consensus based projections, the several models [unint.] greenhouse gasses.  NASA's model, NASA runs a model up at GISS.  It's, one part of this international effort, a world-wide consensus on climate change and the projection.  And this report is updated on a regular interval, it's every six years, and it's updated based on the latest science, the latest modeling technology, the latest scenarios of how we think the future society may be.  

And right now we're actually within about five days of the first pieces of the 2013 report, the fifth IPCCF assessment reports are being released.  The summary for policy makers for the first working group, which is the scientific group of the IPCC, is due out in the next few days and the rest of -- the full fifth assessment report is due out later this year and into early 2014.  

It's playing a very, very important role in the global process of providing climate information.  And within our own country we have the National Climate Assessment, which their report is also due out in this, in, at the end of this year or into 2014.  So these are great sources of information to start when you want to start thinking about climate change, getting some projection data, or understanding how we go about future climate projections a bit better.  

So when we look at this graphic what we're trying to convey is that in making climate projections we want to use a blend of models and a blend of emission scenarios.  And, and why do we want to do that?  Because we don't want to focus on the same old scenario.  We want to look at a range of possible outcomes over time.  So by using multiple models and multiple scenarios what you get is a range of outcomes for the future, and then you can present your information across that range.  

And what we've done in our NASA process is present a range or a middle 67 percent of our model based outcomes.  So we're looking across the scenarios, across these different models, and providing, you know, a range of possible projections for the future.  We, we're not able, as scientists, to say that on 2065, on September 20th, it's going to be X degrees.  We can say that by the 2050s time period, which captures the year 2065, we'll have a range of warming between X and Y degrees.


We look at this range, the central range, as the basis for NASA's projection, for projections, this is the material we've provided.  The rationale of having a middle range like this came from our work with New York City.  The stakeholders wanted a range of outcomes for their use.  We're able to provide it.  And, and the data you're looking at we'll get into a bit more in a, in a little while.  

But it's specific to Beltsville, Maryland.  This is the actual projection data run for Washington, D.C.  And you see the observed temperature trend for that, the trend that we saw on one of the first slides, and then this whole range of outcomes with the 16 climate models and the three emission scenarios we used when developing our climate projections.
Q:
And this is very, very important for us as stewards because this is the data that tells me, okay, I have to, you know, as I'm designing new buildings, new structures.  As I'm redoing HVAC systems, as I'm trying to figure out what landscaping I'm going to use.  I need to understand that the temperature is going to get hotter.  So I need to plan for more air conditioning.  

I need to do, be able to, as a city, I would need to make sure that, you know, as a user, make sure the city is ready to have more capability available to generate electricity.  This region, believe it or not, we used to be in the planting framework, we used to be 7 and I think we're now 6.  We were equivalent to North Carolina now, so, for the planting.  

So, so all of these kinds of things, as a steward, as I'm planning forward, I can't design for the past, I have to design for the future or I’m going to keep getting into a whole series of issues and problems.  And, as I plan out 20 years, this is, that's how I'm using this data.  I'm using the data, say, over the next 20 years, I'm going to need more air conditioning.  

I may have to change how people are managed, if it gets too hot in the day, you know, or in the middle of August, then they may not be able to do outdoor work.  So there are a whole series of things that this kind of data then helps me plan for in the future.  And that's why it's so critical for us to, to look at these variables that the scientists are telling us [unint.].  It's the temperature.  

It's the sea level.  It's the, the probability of extreme events.  All of those, I have to begin to plan for into the future.  I have to put it in our capital investment planning, in our master planning, and in how we're going to be designing for the future.

A:
And the important thing to note is it's a two-way process between us scientists and the stakeholders, the institutional stewards.  We work back and forth with the folks on the ground in getting them the data that they want.  And what it seems that everybody wants is they want the information for their backyard.  They want it for, for home, they want it for their address.  

They want to know exactly what's going to happen just for them.  But unfortunately, the way climate models work is that they work on much wider geographic scale.  The way the climate models work is that they break the earth surface down into a grid.  And they're grid boxes.  In each of these grid boxes they run those equations we talked about and the models capture the feedbacks across many of these [unint.] different components of the climate system, and that allows us to make a projection.  

And when we do our projections we talk about downscaling.  You may here this term, downscaling.  And what downscaling means is that we're taking the climate information for the grid box specific to your area.  So all of our projection numbers we'll talk about in a little while.  They're specific to Washington, D.C.  And we'll get a bit into how we do that, but in looking at this slide, the grid box size, the resolution has increased dramatically over time.  

So you're starting out in 1990, towards the first IPPC [unint.] and fast forwarding all the way out until 2007, you can see how much refinement there's been in our grid.  And as we capture, as our grid size gets smaller, we're able to better model the processes, as you can see here on this slide.  The topography is represented in much better, topography influences the way our climate system is.  

Obviously, if we capture it better in our model, our projections are going to be much better.  So with new models and better data, we're able to get more specific projections.  If we were able to put on the 2013 equivalent of this picture, it would even be more refined.  Our models are getting better with time.  We're getting better observational data sets to put into the models.  

More scientific advancing, projections are getting better with our time, and we have more credibility when we're providing these projections as well.

Q:
And as a steward, part of what you need, if we understand this, we also then need to look at, okay, if I have regional data, because not everyone is as fortunate as NASA is at being able to get downscale for specifics.  But I can use this data, I can use the regional data plus my knowledge of the area of weather, and begin to make some assumptions.  


So even though you, you know, everyone may not be as fortunate as NASA, there are still, this data can be used and the regional data can be used when we overlay our own common sense and our own knowledge of our area.  And our backyards, so to speak, as Dan put it, overlay it over what the climate projections are talking about for our region.  An example of this [unint.] research center, where we got downscaled data, again, we were very lucky.  


But the, the center is actually in this little pocket of amazingly good weather.  But the communities are not.  And so when we're doing our planning for Ames, we have to understand that we may lose employees because they are in areas where they're going to have more extreme heat.  They're going to have more issues.  They may have more power outages, more brownouts, and so it becomes -- when we're planning at our center, some of the physical and structural infrastructure needs that I need to do, like for air conditioning, are not there.  


But from a people perspective, and my employee perspective, I've got a problem that I'm going to have to deal with.  And that's the kind of, of thinking that, that we have to do as we're doing these adaptation plans.  So, oh, sorry, I didn't realize it was me again.  So, Dan, this is part of what I guess we've been talking about, in that you're going to give us some very specific data to D.C.  


And, because you have downscaled us for D.C., so if you could let us know what's up.
A:
Sure.  So we're going to go through the projections in detail for what's going on and what we're expecting for Washington, D.C., specifically.  But [unint.] the very important point in what you just said is, you know, how we have to consider the surrounding communities in that it may not be possible for them to get this information.  But the general idea of these trends applies for a broader region.  

And as science continually advances, it's going to become more and more refined.  So if you don't have access to such an assessment that we've done for NASA, you're still going to have the best available data.  I think you'll see that reflected in the new national assessments, the new IPCC report as well.  But jumping into what's projected locally, we're going to start with sea level rise.  

Sea level rise is a significant risk for Washington, D.C.  As a bit of an outsider, but a scientist, I know that the Potomac is tidal and there is a tidal influence there.  So obviously rising sea level is important.  To some outsiders, it may not, you may not realize this, but we're going to talk about the sea level rise projection.  And to start off what we did in our projection for Washington presents in two sea level rise scenarios.  

In one sea level rise scenario, and strictly took the outputs from the global climate model.  For the sea level rise projections, seven climate models, three emissions scenarios, and we did three future time slices.  When we talk about a future time slice, it's a 10-year period here, centered on this given decade.  So the 2020s is really 2020 to 2029 averaged over that period.  And we did this scenario without adjusting for rapid ice melt.  

And you can see that by the mid to the end of the century you're looking at approximately close to, or between about a foot, a foot and a half of sea level rise.  This is strictly with the climate models.  Now scientists note that the climate models don't capture what's happening, what's being observed, in -- what's being observed in the ice sheet and the melting of land-based ice.  

And what's happening is that the observation show that ice loss is occurring faster than what some models note.  So what we did to provide an alternative, or an additional scenario is develop this rapid ice melt scenario.  And the rapid ice melt scenario takes some of the data from a climate model and it adjusts it based on these observations.  So when we look at the rapid ice melt scenario, by the mid to the end of the century, you're looking at somewhere between two and upwards of four, four, even five feet of sea level rise.  

And that's a significant rise in the sea level.  And sea level rise if projected to accelerate this century and if we wanted to illustrate how rising sea level -- you know, a lot of people -- would impact folks, you know, we'd want to somehow superimpose rising sea levels on a map.  Let's say a map of the monument core in D.C. and what the flooding would look like.  And if you were to do it with just sea level rise alone, you may not be that impressed with the results, let's say.  

What you want to consider here is that the sea levels are higher, your storm surges are also going to be higher.  And that will flood a greater area.  The example we used in New York City post Sandy is that sea level rise in our area's risen about a foot.  So the flood, extent of the flooding was aided by a foot already of sea level rise.  So that made it that much more expansive.  

So it's really important to consider how accelerated sea level rise, not only going to just flood from higher sea levels alone, but also the accommodation of future storms as well.
Q:
And when we presented this to our chief scientist and our administrator here at NASA, they kind of, they said, and they looked at it and said, well, we've kind of been all over the world and, you know, the rapid ice is melting and we need to plan for, you know, the four foot level, not the two foot level.  And so, and that's part of kind of the guidance that we've been given.  

That we need to go forward planning on, and, and working towards that upper adjusted rapid ice melting.  So, the, and I think that, I think from what I've, the rumors I've heard, the IPCC models are going to tell us the same thing.  And, and it just makes good sense, if you're going -- because when we invest dollars today, it will be here for 50 years.  And if your government, it might be here for a hundred years when we do a capital investment, so we'd better make sure we look at that.  

And that's part of the job that we have.  A private entity might take a building down after 30 or 40 years, which is kind of what the government should do, but doesn't.  So, you know, we have to plan for our structures to be around for a lot longer.  And that's part of why Charlie and our chief scientist kind of said, you know, this is what we need to do.

A:
And, and I just echo that.  I think, you know, based on this latest scientific effort, evidence and what may be coming in the new assessment reports and some of the other sea level rise scenarios that we may be tracking towards the high end.  So it is best to plan for that.  If we look at temperature here, what's projected locally, temperatures are projected to rise and, and right now the mean temperature in the Washington, D.C. area, the average temperature for a given year is about 57 degrees.  

And if you look out towards the mid to late century, you're seeing, you know, somewhere between three and four degrees warming by the 2050s, and maybe five to six degrees of warming by the end of the century, towards the end of the century, and that's significant.  As, you know, warmer temperatures are going to cause a lot of impact and we're going to, we're going to talk about that a bit further.  

But I just want to mention here, when you look at our temperature projection, the time slices are slightly different, as are the models that we used.  For our temperature and precipitation projections we used 16 climate models, three emission scenarios, and we look at 30 year time slices here.  On the 30 year time slice for the 2020s is actually 2010 through 2039.  So a bit different in our methods.  

Part of that is the availability of data for some of the sea level rise component.  Not all of the climate models do have that.  But, in general, you know, as was the case of sea level rise, rising temperatures are expected in the Washington, D.C. area.  And the real point of this is what does that, what does that mean, you know, what can -- we can go to the next slide.
Q:
Oh, Dan, I just want to make a point because those of us who live in D.C. that means our allergies are going to get worse.  That means we're not going to have as much frost.  That means mold is going to get worse.  So for the folks who live here in the D.C. area, the impacts of the temperature rise will be significant for our community.  Because of, of, you know, because of the impact that that will have on the national environment that will then impact our population.

A:
Totally, absolutely, just a few degrees warmer can do a lot, not only in the impacts, and, you know, people always want to say that oh, it's going to be warmer, it's going to be more pleasant to live in a particular region.  Not so much.  And I think this next graphic is going to illustrate why.  So we have a distribution of temperature, it's a standard bell shaped curve.  

We have the average right in the middle and then we have what we've labeled here as an action point.  There's some threshold, some extreme value of critical importance that makes sense to us.  Maybe it's 90 degree Fahrenheit, and 90 degrees Fahrenheit is the level we can't let our workers go outside for more than five hours.  And that's going to impact, you know, as we can't in the summertime, if it's getting hotter, we're losing hours, we're losing productivity, losing revenue.  

So we have this action point.  So what happens if we just shift the temperature by a few degrees?  The mean increases.  Well, the curve shifts towards the right, the average is a bit further.  But more significantly, look at the area under the curve, at that action point.  Let's say this is our days over 90, for example.  There are so many more days over 90 now, just a mean shift alone.  

That's only one example, you know, that's a significant, significant impact.  You know, days over 90, this is the time where you don't want to go on the subway because it's uncomfortable, or the Metro, is uncomfortable, you know.  Think of how many more days that is, just by shifting the mean a little bit warmer.  Small average change to make a big difference on our extreme events.  

It's a very likely increase is what we project in extremely warm days.  That's going to have a tremendous impact, not only on the transit system, you know, you talk about energy, our energy uses, people turn on that AC.  It's going to happen a lot more frequently and, you know, we're seeing the number, this is already starting to be observed.  The observations are indicating that we have seen more heat waves and these extreme heat events.  

Another way to illustrate is to make the actual projection of these extreme temperature events.  We could start with the observed climate data, what we actually do is take the observed data and now these projections are specific to Reagan Airport in D.C.  We take the, the changed values from the climate model and basically, the simplest way to think about it is we add them on to our observed temperature records.  

So we have the temperature record, hypothetical series of events, and we look across that hypothetical 30 year series, but how many days per year above 90?  Well, now we're starting off, let's say, just under 40 days per year.  Look at the range by the end of the century.  You know, it's centered right around 80 days per years.  That's almost a doubling of the number of days over 90 per year.  Tremendous impact.  

And it's not just the heat events that we have to be worried about, it's going to be our cold events as well.  Just the opposite effect.  The number of really cold days right now let's say is 60, or just above, 65 degrees, that's going to be cut in about half by the end of the century.  And these extremes are changing faster than our mean and they also have the greatest implications to our stakeholders, intended users, and what operations and infrastructure is going to experience in the future.  

And an important thing to note within these projections, especially with temperature and precipitation and sea level rise as well, is that the variability's going to be there in the future.  There are going to be warm years.  There are going to be the cool events over time.  You're just going to see a change.  It's not going to be easy to get a cold event.  

It's going to be easier to get a very hot event.  So you're going to see this natural variability that we saw in the original trends, it's still going to be there.  It's just going to be changed as we go through time.  And the extreme events changing is probably the most significant impact that's based.

Q:
And so, you know, you, you kind of covered sea level, you've covered some temperature activity.  We even hinted at the fact that, yes, we have the issue is storm surge more so than, than sea level rise, for D.C.  What else?  What other kinds of changes do you see projected for D.C.?

A:
We're going to, we're going to talk about some changes and some more extreme events, the storm events, that often people want to know  most about and people are most concerned about.  And they also have the greatest impact.  So we'll start off with intense rainfall events.  

These are these heavy downpours that really can do a great bit of flooding over a short time period by interactions with some D.C. stakeholders have given me the knowledge to say that these events have been occurring a bit more frequently in the city itself.  We're projecting a very likely increase in these, excuse me, a likely increase in these events.  That's something we've observed over time.  

In addition, you know, with a warmer environment we can make some statements about snowfall.  We're projecting a very likely, a likely decrease in snowfall frequency amount.  There'll still be snowstorms over time, just not as often and the amount of snowfall may be reduced as well.  That's in part due a warmer environment.  

So if you're right at the threshold now, let's say it's snowing [unint.] and you've warmed the climate two or three degrees, snow that has been falling now is now going to falling as rainfall.  Another projection that we can make is about droughts.  We're projecting a more likely than not increase in drought events.  What the image here is designed to show, that's an image of the present day drought monitor.  

We're just using it to show as an illustration of drought itself.  We wanted to put an equivalent picture, may have chosen a dry field or dry events.  But drought may become more frequent in the future.  This would be [unint.] event towards the middle to the end of the century.  So it's very important to consider these other climate variables beyond mean variables, such as temperature, precipitation, and sea level rise.  
