Christina Lindemer:
Good afternoon and welcome to the Interagency Sea Level Rise Panel Discussion hosted by FEMA Region IV and FEMA Headquarters.
I'm Christina Lindemer a coastal engineer in FEMA Region IV and your moderator for this discussion. We are very pleased to have six great representatives from Federal agencies joining us for this call. They will be providing insight on what their agencies are doing to analyze the impact of sea level rise.
I want to give a short introduction of all of our panelists that will be speaking today. For more details on each of them, please see the agenda that was associated with the meeting; goes into much further detail on their backgrounds.
Finally, we have two representatives from the USGS. Dr. Nathaniel Plant is a Research Oceanographer at the St. Petersburg Coastal and Marine Science Center. His research and applications focus on making statistically robust predictions of coastal response to storms and sea level rise. Dr. Patrick Barnard, also with the USGS is a Coastal Geologist at the (USGS) Pacific Coastal and Marine Science Center in Santa Cruz, California. His research focuses on the dynamics and evolution of high energy features in estuaries in California with an emphasis on storm and climate change-related impacts. 
Nathaniel Plant: 
OK. To get started, I'm an oceanographer in St. Petersburg. I work for the US Geological Survey and in particular for the Coastal and Marine Program. The USGS presentation is in two parts, the first by me and the second by Patrick. And what I'm going to do is focus on our assessment of coastal change impacts related to sea level rise.
Next slide, please. Ok. So basically we have two broad objectives. One is to understand coastal vulnerability to sea level rise. And by vulnerability, typically we mean causes for change in coastline, the coastal morphology, movement of sediment, that sort of thing. Although this discussion is centered around sea level rise, we've heard it a couple of times before, really, the concerns are not just sea level rise but the interaction with other things. The big one is interaction with storms. There was a question earlier about what can we do to convince people that sea level rise and climate might be important. Using events like Hurricane Sandy for example, where we could ask the question, “What would the impacts of that storm be fifty years ago or 100 years ago, when sea level was lower?” That's sort of a quantifiable approach. And so I think using current events, there's plenty of evidence we can start piling up to point out what the impacts of sea level rise are. And also what the impacts of climate change are more generally. For instance, other oceanographic correlations, tides, someone mentioned the slowing of Florida current in effect of sea level. So we can't just focus on global sea level but there's regional oceanography involved as well. The other things we need to understand are sediment budgets. This has a lot to do with how and where and why we can restore coastlines either after storms or because of persistent erosion from sea level rise. So one of the tools to get at the sediment budget is the geologic record. So where's the sand been going, how quickly does it deposit and where? And we also know the geologic record is one of the ways we can get at what past sea level rise rates have been. And really what we want to know is what does the world do when sea level rise rates are higher than they are now? 
So if we understand how the coast responds to sea level and other things, the second goal for us is to package that understanding in some sort of assessment that is useful to other people. I think Mark from FEMA laid out a bunch of problems and in particular that they would like to know something about coastal erosion in order to have improved flood maps. So an assessment could be of several types. One could be historical contexts, where has the shoreline been in the past? How quickly has it been moving? So that's observational based with some analysis on top. And then for the future, well what if things aren't going to be quite the same as they were say for the past hundred years? What are we supposed to expect, then? The map on the right is a probability map of shoreline change exceeding a meter per year. So that's erosion exceeding one meter per year. And the map is not just data. But is actually an assimilation of data through a model that knows something about sea level rise. It knows something about geology. And the big red blob in the Northeast is red not only because of geologic materials, there's low barrier islands there, but also because sea level rise rates are relatively high there. So we can take a variety of complex interactions into account with this approach. 
Next slide please. OK. Here's just basically a list of some of the activities that we're involved in that focus on vulnerability to sea level rise and some other things. And so this is mostly for reference. But basically, the two divisions are activities that focus on characterizing long-term coastal change. And then activities that have more of a storm focus. And the two are pretty much inseparable. I'll show you a few examples and Patrick will have even more examples for his part. 
Next slide please. OK. Examples of long term coastal change. The web address there leads to a portal that just delivers up data and assessments of shoreline change. And if you squint you can see some colored lines along the shoreline. Red means eroding. Yellow means not eroding as much. Green means not eroding at all or even ecreting. And the point is that one of the things that we do is keep track with where the shoreline has been and convert that into a retrospective assessment of coastal change. And the little picture there to the right is along the coast of Virginia and some houses that are well offshore. Clearly there's been shoreline change there. Some of that is due to sea level rise.
The picture below is an example of my colleagues coring in marshes. And they're looking for evidences of depositional rates associated with storms and sea level rise and for backing out time histories of sea level rise and coastal response. 
Next slide please. OK. So there's the long term and then storms are typically short term. They come and go in a matter of days. But the impacts can be lasting and the impacts are piled on top of longer term trends. So the photo sequence on the left shows some pictures from Dauphin Island. It's steadily eroding. But then large storms such as Katrina come along and create new inlets, and create tons of overwash. So again the question is, what fraction of that change is due to storms? Well the instantaneous changes are clearly due to storms. But they're set up by the persistent sea level rise and its relative sea level rise. So these barrier islands tend to be sinking. Some are sinking faster than others. So there's regional differences as well. 
 The other pictures are different examples of storm impacts. The one on the upper right is before and after Hurricane Sandy, showing shoreline retreat and deposition of sand on marshes. The one on the bottom is a sequence of LiDAR snippets of a barrier island off of Louisiana. And this is where actually a berm was built during the oil spill. We watched the berm be built and then disappear again. So the question there is if you add a bunch of sand to this environment have you just given it a leg up against sea level rise or not? The question mark means we don't know the answer to that yet. 
Next slide please. OK. So I think our specialty at the USGS and Coastal Marine Program is measuring and modeling coastal change. Coastal change models have to be driven with some oceanographic information and some of that can be sea level rise. Our colleague Abby Salinger was focused on looking at changes in sea level rise rates. So we know the world responds to the current sea level. We know the rate that the world might change depends on the rate of sea level rise. What is the effect of increasing that rate? And the orange and yellow circles that populate the Northeast coast are areas that are experiencing increased rates in sea level rise. And the question that we would like to pursue in that area is, what are the specific impacts of that increase and how do we incorporate that into predictions? The graphic on the right is a sample prediction where we're actually trying estimate rates of change of the shoreline that blend both the effects of storms. So basically turning waves on and off due to storms. And then the effects of the long term shoreline change that we might assign to sea level rise. So there's a challenge here if we want to separate these processes. We have to collect data at two time scales, the really long one and then the shorter time scale to sample storms in between storms. So that's an operational challenge that is basically required, if we want to start describing what the contributions of sea level and shorter term processes are to shoreline change. The black arrow is pointing to a point that is ten years along in this simulation of measuring shoreline change. And the point is its pointing at a point where the uncertainly in the shoreline change rate has converged to about as low as we can get it. It takes about ten years worth of data, that's a good number to know if we're going to ask ourselves to start separating sea level rise and storm impacts from time series of shoreline change. 
Next slide please. Ok. This is a crazy application that I've been involved in. And basically I'm just trying to tie this back. The assessments that we do are meant to guide other people in making their decisions or understanding the complexities of their particular problems. This particular problem is a piping plover that likes to nest on a beach. The beaches that it likes are those that are heavily impacted by storms. So they like lots of sand, not too much vegetation, not too much people, and if everything works out right they make these cute little chicks. And our objective was to put together what we know about sea level rise and how that changes shoreline erosion rates. Couple that to what shoreline erosion does to these coastal environments that these plovers like and come out with a predictive tool that will identify areas that are likely to be suitable for making baby plovers. It's a fun project. I'm obsessed with this thing called Bayesian networks, so I have to throw in a picture of that. 
Ok. Final slide please. So basically to summarize, our role is to understand the processes driving shoreline change, and convert that understanding into some form of assessment that's useful to other people, and then help apply that to specific problems. How we do this? We don't do it alone. So we have Federal partnerships and academic partnerships. Other DOI, the example of the plovers the responsibility of Fish and Wildlife Service, so we work with them and help them solve that problem. NOAA and Army Corps from our point of view were tightly coupled in collecting relevant data. So we don't collect tide information. NOAA does that. We collaborate with Army Corps on collecting elevation data, that sort of thing. And then on the academic side, coastal scientists guide us toward new methods for making improved predictions and understanding how these systems work. Climate scientists feed us their models for what sea level might do in the future, that sort of thing. So were not responsible for that part of the problem. Ok. That’s my summary, so onto Patrick unless there are questions. 
[bookmark: _GoBack]Patrick Barnard:
I'm going to continue on that same path that Nathaniel began, and kind of drill down a bit to some research we've been doing on the US West Coast, as well as the Pacific islands and the north slope of Alaska. And really the big theme here also is looking at dynamic water levels. We’re not just concerned with sea level rise. We’re concerned with the other effects of climate change on the West Coast. In particular, how the changing wave climate may influence coastal hazards and vulnerability in the future. 
Next slide please. We've developed a research program along these lines to try and sort of fill this niche to look at this dynamic water level component and how it influences coastal hazards. And for the West Coast and the Pacific Basin in general, we’re really trying to focus on these areas that have received less attention and research for the last several decades. And those are geomorphic settings like high latitude permafrost coasts, low latitude carbonate insular coasts like in the Pacific islands, high-energy active margin coasts like we have in California, Oregon and Washington in particular, and some of these smaller and larger low energy active margin estuaries in abatement's like Puget Sound and San Francisco Bay. But ubiquitous across these different areas are a series of research topics we're pursuing and among them are looking at 21st century changes in wave climatology, coastal flooding, and erosion due to climate change. And then were getting more and more into the groundwater impact and impacts along the coast. 
Next slide please. I wanted to use this diagram, you can flip through here about five times for those numbers to come up to kind of illustrate why we care so much about waves on the West Coast. And this is an example here of the contribution to total water levels along the coast during a storm for an extreme event on the US West Coast. And this is sort of most relevant for, say, Northern California or, say, the Oregon coast in terms of numbers. But you get the idea. If we’re looking at a storm for  the latter part of the 21st Century we might expect to have in the background about one meter of sea level rise. We have to cope with about two meters or more of tidal variability on a daily basis. But then there's all these other effects, these dynamic water level effects on different time scales that really need to be accounted for to get a full consideration of the vulnerability of any stretch of coast. So there's things like seasonal effects. And for us during El Nino we have steric effects in particular that can increase water levels by about 30 centimeters during the entire winter. We have storm surge, which is only the elevation water level due to the inverse barometer effect and wind. And a massive event on the West Coast is about a meter of surge. That's about a hundred meter return level event which stands in stark contrast to the Gulf Coast/East Coast. For example during Katrina you had 8.5 meters. Nevertheless storm surge can be a tipping point and has to be included. But then the top components here, which are really influential on hazard analyses for the West Coast, are the wave driven processes. Wave setup, which is the super elevation of water in the surf-song due to breaking waves. And during a big event we can elevate water along the coast from wave set about a meter and a half. And then the up rush of individual wave bores or wave run-up can further elevate water levels by two meters or more during events. So it's really that dynamic component which is critical to capture to properly assess the vulnerability. And at the bottom of the slide, you see two examples. On the left is an example from Stinson Beach. If we look more of a bathtub model fifty centimeters of sea level rise, sort of mid-latter part of the 20th century perhaps, we some minor amount of flooding in this particular community. But then if you add sea level rise with simply the impacts of an annual storm by bringing in this dynamic water level component, you see the impacts are much more severe. And that ultimately is what communities need to plan for. 
Next slide please. So we've applied this dynamic water level sort of approach in a number of areas. I'm just going to talk about a few of them today. Out in the Pacific Islands we have a large Department of Defense funded project in the Marshall Islands. Lots of military installations out there and also lots of native communities which are really on the precipice of even being able to survive given the high, extremely high rates of sea level rise - among the highest in the world, about a centimeter a year coupled with storms. We do work out in the Hawaiian Islands, California, Pacific Northwest and also the north slope of Alaska. In all these areas, our work either directly or indirectly supports Federal or state agency work. Also in the private sector for example in the Pacific Northwest, USGS work is directly supporting the Nature Conservancy work in their coastal resilience tool. I mentioned the DOD support in the Pacific Islands. And in California for example, we support NOAA's work, National Park Service work and a lot of state agencies. 
Next slide please. I mentioned the future wave climate as really been a critical component of looking at hazard vulnerability in the US West Coast. And so one of our major efforts of the last several years is to project a future wave climate. And we've done this by taking the latest global climate model from AR5 the so called CMIP5Climate Models, taking the wind fields from those and deriving a global wave model from the lower left using several different emission scenarios. These are RCP scenarios, not really emissions anymore but no need to get into that right now. And then dynamically down scaling that more regional global wave model into this sort of regional and sub-regional levels to get the future wave climate and the deep water off the coast of North America and also out in the Pacific. And this way we could look at changes in wave climate, projected changes in wave climate of the 21st Century. Also look at the differences between lower and higher emissions scenarios. And this data is about to be formally released in a series of reports that are going to be available for the US West Coast and also the US East and Gulf Coasts, as well as Alaska and the Pacific Islands. 
Next slide please. So given this sort of dynamic approach we've tried to fill this niche in developing the coastal storm modeling system which some of you may have heard of we call CoSMoS. It is kind of one end of the spectrum of coastal vulnerability approaches. There is a static approach that Doug and others mentioned which is the NOAA Sea Level Rise Viewer which is an excellent tool for looking at the daily impacts of sea level rise on the coast. It uses very precise high quality elevations data, has good data control, and it’s a really good screening tool. But then if you want to go that next step of looking at the impact of storms coupled with sea level rise we've developed this system. There’s variations of it that other groups have put out as well. But in our approach here we’re looking at future wave climate driven by these global climate models. We’re trying to essentially include all the relevant processes that can influence coastal change and coastal flooding: so wind waves, sediment transport, tidal current, fluvial discharge, and then applying a range of sea level rise and storm scenarios and then projecting the coastal flooding as a result of those different scenarios. 
Next slide please. So the concept here is to because the climate is evolving in a nonlinear fashion and at a very, very large scale we have to take that into account when we scale down to these local hazard projections. So this is just a really brief summary of how CoSMoS works. We take global climate models. We take that forcing to develop global and regional wave models and then we scale down using a series of different models, grid resolution, approaches etc. until we can get down to local hazards projections on the  parcel scale. 
Next slide please. And here's an example of a tool that was developed in collaboration with our partners at PRBO Conservation Sciences. They serve up all this data in a really efficient way. We’re talking about 60 gigabytes of data served up on the fly. And anyone can lock into here and play with this. But here’s an example of what such a tool looks like. If you're interested in flooding, on the left hand side you pick what sea level rise you want. And here I've just selected 1.25 meters, maybe sort of an upper end projection for 2100. And then I choose none storm. So you see there's a very minimal amount of flooding. This is Pacifica just south of San Francisco. The areas in green are areas that are below the flood level but are not hydrologically connected. But then if you couple this amount of sea level rise with an amount of extreme storm, next slide please, you got to get a better more robust sense of the total hazard vulnerability for this particular community. And you see the extent of flooding is much more severe and impactful with the significant storm. Next slide please. The next example you're going to see the concept here is some work we’ve done in San Francisco Bay. And what we’re trying to do in this approach is very honestly and robustly consider uncertainty in our projections. In any model of this type, there’s uncertainty in the digital elevation data, namely the LiDAR. There’s uncertainty in the model physics themselves. There's uncertainty in vertical land motion especially in an active margin setting. And there's also uncertainty in areas where you may have tidal marshes looking at ecretion rates among other things. So here's an example from the San Francisco Airport where we’re looking at flooding with just 25 cm of sea level rise in an annual storm. And you can see there's one particular sector there where the water is coming in and this very sort of near term planning horizon. However, this is just a sweet spot of the model. It does not incorporate the full range of possibilities given the uncertainties I mentioned. So if you click through we include this type of a layer and this tool which gives you the worst case scenario assuming that all this uncertainty comes to fruition. So if you're a planner, you can sort of assess what amount of a risk you're willing to tolerate. And this shows that the possible extent of flooding if the digital elevation data is off, if the modeling is off, as much as we think could be plausible, this is the total extent of flooding that someone may need to plan for. 
Next slide please. And with these kinds of models you can also produce statistics like looking at the total time of exceedance above certain thresholds. And here's some work that Dan Can did in San Francisco Bay by looking at the number of hours above a historical extreme water level in San Francisco Bay. And in this case above historical 99.99% level which is essentially about one hour per year historically. But as you move forward in projecting sea level rise and the impact of storms, by the time you get to the end of the 21st century or toward the end of the 21st century historically what was one hour of exceedances now in the order of 500 hours of exceedance in just a mid-level sea level rise scenario. This kind of gets back to the discussion about nuisance flooding. In this particular case were going from an hour a year to 500 hours a year due to sea level rise. 
Next slide please. And as I mentioned, you can click through one more time, the Pacific Islands are really ground zero for climate change. And if you're going to communicate the true impact of climate change this is a perfect example of an area that's been experiencing severe impact for the last several decades. These are very low lying atolls. In some cases the only reason they're able to survive today is because the Department of Defense is able to bring in super tankers full of fresh water to keep these communities alive during an event. In just the last hand full of years for example there's a high surf event. There's been several high surf events that have over washed some of these islands entirely, ruining fresh water supplies and destroying agriculture for six to nine months or more at a time. So if it wasn't for the support and the high profile of some of these military installations there would not be enough support to basically keep these islands even survivable. And with future sea level rise these kinds of impacts are only going to be exacerbated. 
Next slide please. And so for this reason the Department of Defense funded a very large project that is led by one of our PIs Kurt Sellasi to try and more fully understand the full range of impacts of climate change on some of these low lying Pacific islands. So they've heavily instrumented a reef system there to better understand how waves propagate across a reef and how they influence water levels along the coast of these atolls. So a lot of in situ instrumentation and then driving some wave and inundation modeling. So a lot of opportunity here for testing models and proving models and then linking this information to ground water and ground water models of these atolls which is truly the life blood for how these people on these islands are able to survive at all. 
Next slide please. And so much talk about water levels I mean coastal change is also a critical hazard associated with climate change. And as another example in a place I would point folks in Congress to, perhaps it might raise their eyebrows because there's a lot of oil and gas infrastructure at risk, is the North Slope of Alaska. And this is some work in a niche of course by USGS by measuring shoreline change rates historically. And this work by Bruce Richmond and Ann Gibbs who have shown the North Slope of Alaska over the last handful of decades, documented among the highest rates of erosion in the world, averaging two meters per year and peaking in some areas as high as almost 15 to 20 meters per year. And this is really where the effects of climate change are just as apparent as the Pacific islands depending on your perspective. But one of the reasons for this is there's been reduced sea ice extent over the last decades so that allows larger waves to impact its coast, thawing of permafrost. And also the reduced sea ice period is extending which was once sort of firmly focused in the summer, it's extending now along the north coast of Alaska more into the fall when the larger storms begin to develop and can cause higher rates of erosion. We can expect this to continue in the future. Next slide please.
So future plans with our group at USGS and in collaboration with Nathaniel's group also in the Southeast, is to extend some of these other coastal flooding projections to other geographies in a particular fully integrate predictions of coastal change with storm impact over the 21st  century. We’re working more and more toward linking sea level rise with the event based coastal flooding and also linking that further to ground water response and vulnerability and then translating these physical vulnerabilities to societal impacts. There's a bunch of information you can get from at the bottom here several different websites and I'm happy to always receive your emails and respond to your other queries. Thank you very much. 
Christina Lindemer
Thank you so much Patrick that was really interesting.
