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Tracy Peak (00:09):
Hello and welcome to NC State's Audio Abstract. I'm your host, Tracy Peak. Living in North Carolina during hurricane season isn't easy for anyone, but traditionally, our coastal areas see the biggest impacts, and while hurricane force winds can do a lot of damage, flooding is what causes the most destruction. But it might surprise you to know that coastal flooding doesn't just happen when storms hit and that traditional prediction models around flooding aren't as accurate as they could be. 
We're speaking today with Katherine Anarde, assistant professor of coastal engineering at NC State, about how we can improve flooding predictions and make coastal communities more resilient. Welcome, Katherine.
Katherine Anarde (01:00):
Thank you for having me.
Tracy Peak (01:01):
I'm very glad that you're here. Let's start out with a general overview about coastal flooding. I think most people, just speaking for myself, but extrapolating, assume that coastal flooding only really happens when there's a storm, but there's more to it.
Katherine Anarde (01:21):
Yes, a lot of people just assume that, in coastal communities in North Carolina, it only floods during the big storms, hurricanes, nor'easters. If you live in coastal Carolina, you know that's not true. Historically, it's flooded outside of those big events during some of the highest high tides of the year, and we call those the king tides colloquially, or layman's terms. In the science world, a king tide typically refers to something called perigean spring tides, and that's when the sun and the moon exert the largest pull on our oceans, and that happens when the earth, moon, and sun are in alignment. This happens several times a year and it has for a really long time. We have king tide flooding that dates back to the turn of the century. Nothing new. If you live along the coast, it's happened. What is new is that it's now flooding not just during king tides, it's flooding during regular tidal cycles, so it doesn't take the biggest tides of the year to cause flooding, and that's because of sea level rise.
(02:39):
Most of our communities were built decades ago and our infrastructure in those communities, the roads, the stormwater networks, were built when sea levels were much lower. Now, sea level has risen between seven and nine inches since the 1970s across the state, depending where you're at, and the actual amount of sea level rise varies based on the movement of the ground, something called subsidence. The ground is sinking in the coastal Carolinas and we have global sea level rise, and now just a little tide atop higher sea levels can cause water to go up through stormwater networks and onto roadways.
We also have wind in North Carolina and the shape of our coastline and the shape of our sounds caused the effect of wind, just a little wind blowing over that water, to increase water levels in different ways across the state.
Tracy Peak (04:28):
Well, it sounds like, no matter what you do, you're just flooding every day. What does that mean in terms of actual days of... I believe they referred to as sunny day flooding, is that a correct term to use? How many of these are we getting?
Katherine Anarde (04:43):
Well, historically or right now?
Tracy Peak (04:46):
Right now.
Katherine Anarde (04:49):
My research group at NC State and in collaboration with folks at UNC Chapel Hill have been trying to track the number of flood days on land where people live using new sensors, and these flood sensors look at water levels off to the side of roadways or in storm drains and those sensors tell us that it's flooding a lot. It's flooding between about 25 to 125 days per year, depending on where you're at across the state. When we say flood, flood means different things to different people, you have to come up with a definition. For us, it means any amount of water on the road, and we use that definition even if it's a small ponding of water, because a lot of the times, this water is salt water and driving through salt water can impair vehicles, it can degrade infrastructure, and this water can also contain pollutants, which we can talk about a little bit later.
Tracy Peak (05:57):
This is just water that shouldn't be there. Salt water should not be on the road.
Katherine Anarde (06:00):
Exactly.
Tracy Peak (06:15):
You have all the other factors that you explained, okay. Obviously, this has increased as the ground has sunk and the sea levels have risen. Traditionally, how much has it increased? Because you're starting these measurements, do we have a baseline that we're comparing it to?
Katherine Anarde (06:36):
We sure do. Most of what we know about flood risk comes from tide gauges. We have tide gauges across the US that have been in action since the 1800s. In some locations, we have a really long record of water levels and sounds and in the ocean, and those water records record the everyday tidal cycles and the extremes. We've used these measurements at tide gauges to come up with a flood history through time, relating those water levels measured at the gauges to the elevation of the land or important infrastructure. They're not intended to measure floods, they're intended to measure ocean or sound water levels, but they've been our best guess of how often it's flooding on land, but like we just talked about, it's not just the marine water levels that are causing floods. There are all these land-based factors, like the infrastructure, a little bit of rainfall, and because of that, we know we have an incomplete record of flooding.
(07:49):
All right, keep that in mind. But we do have a record of water levels at the tide gauges, and what that has shown is that the number of flood days is increasing historically with time.
Tracy Peak (08:03):
Okay. This is important, obviously, to people in coastal communities, not just because of the risk to... If it's a catastrophic flood, hurricane-based water, the levels are higher, then the risks from those floods are higher and that affects whether or not their property can be insured, the cost of rebuilding, the danger of living there, all of that. But all of that, if you want to figure out how to insure your property or protect it, you have to be able to use some predictive formula to do these things. How do we predict? What is the data that we're using now and how is that differing from what you're doing? Is it missing something? The way that we're doing it now, is it missing something?
Katherine Anarde (08:54):
100%. The tide gauges are what we use to predict the number of flood events in the future, so we look to the past at each of these tide gauges and we take some statistics and compare them nationwide, or the same statistics are applied nationwide to come up with a number of high tide flood days. Specifically, just talking about those high tide events, not the extremes, not hurricanes or nor'easters, so we can predict the number of high tide flood days at tide gauges and what we show is it's flooding much more often than tide gauges suggest. I put out the number 25 to 125 days per year in North Carolina, our tide gauges are telling us that it's flooding between one and 10 days.
(09:55):
Even for our sensors that are located right next to tide gauges, the contributions or the ingredients that lead to flooding on land are not the same that are being measured even right next door at the tide gauge, so it's our best guess of flooding these tide gauge predictions now and into the future, but we know it just paints an incomplete picture. What does that mean for you and me and North Carolina? Well, it means that the risk that I'm assuming, maybe as a new homebuyer at the coast, if I know to look at the tide gauge predictions for high tide flooding and I see, "Okay, in my community, it's only supposed to flood two days next year," and in reality, it's actually flooding 60 days per year, these aren't the most damaging floods, so it may not actually impact insurance yet, but you might have to move your car and get it out of the way of these floods, because the water's salty.
(11:08):
You might not be able to get to school or take your kids to school, because you're flooded in. In some locations of our state, down east, Carteret County, it's flooding about a third of the year, or water is on the road a third of the year. Folks will actually go and buy groceries before the predicted king tides, because they know that their daily schedule might be interrupted. People are adapting to these floods in different ways across the state, and like you were talking about with insurance, I'm not sure to what degree these floods will play a role or how people are insured, but these numbers are severe.
Tracy Peak (11:58):
It would have indirect costs anyway, because even if it's, quote-unquote, "Only flooding the road," it's damaging the road and anything that's underneath the road, and you would have to still replace all of that infrastructure, because it's getting washed out, your road beds are getting hurt.
Katherine Anarde (12:13):
Right.
Tracy Peak (13:22):
For someone like me, it would just be like how much of a... It's just a nuisance, but if the nuisance is happening a lot more frequently than you thought it was, that's important information to have, right? Because what is your tolerance for it?
Katherine Anarde (13:33):
Tolerance is a good term, and we've, in the past, referred to these floods as nuisance floods, because we assumed that they were just a nuisance. The floods, they come up and then they leave with the tide, but I think that's more an open question and it really depends on where you live and how you live with water. Folks in rural coastal Carolina who have lived with water as fishermen for generations may have a different tolerance for flooding than, let's say, somebody that lives in a more urban part of the state, maybe an ocean front barrier community. I think it all comes down to preferences and also probably accessibility. In the long term, these are roadways that are being flooded, and if you can't get from point A to point B, I think that will play a huge role in people's tolerance moving forward.
Tracy Peak (17:09):
Right. This may be something that you're going to be addressing or that you're currently working on addressing. How do we fill that gap between tide gauge and anecdotal or lived experience? How do we do that?
Katherine Anarde (17:24):
It's hard. I can tell you that, because we have a lot of coastline and we have a lot of low-lying coastal plane, and it's flooding there too. Our approach was to ask people where it was flooding and put sensors there. There was nothing that existed on the market and we had to come up with a new way to measure the floods on land. It's not rocket science, it's just measuring water levels, but we wanted to do it in a way that might be useful for people that live there too, because these are residential areas, they're roadways, so we created a sensor that communicated in real time the water levels on the road, but also at a camera. We call these the sunny day flood sensors, but they measure rainy day floods too. The images have really been a huge resource for people living at the coast and police and DOT.
(18:27):
A single point measuring a water level on the side of the road is pretty hard to understand, it's also really hard to keep clean, but the cameras provide a spatial view of flooding in the image and whether or not the road is passable. That's been our approach. I'd say it's been incredibly insightful, as a scientist, and supports lived experience along the coast, and it's providing us with information to make models to look at the future, "What do we do about it?" Really piece out the different ingredients. How much is wind leading to flood here versus tides versus rain? It's one approach to looking at flooding on land, but I think there are a lot of ways to look at it. We've just started to use satellites to try to capture these types of floods, but to answer your question, "What needs to be done?" We need more data, continuous data of flooding on land where people live and where they have to make decisions about getting from point A to point B.
Tracy Peak (19:39):
Okay, so that's what your project is basically doing, right? You're trying to fill in these data gaps, so that we can get some reliable computer models to let people know, "Okay, given the givens in the forecasts, it's likely that these areas may flood during the next week or so." Would it be that granular, like you could pie in the sky, or are you working towards... It could be part of the weekly weather forecast for folks living in these flood-prone areas, "Hey, these areas low-lying may be flooded. Please, use caution when you're driving because..."
Katherine Anarde (20:17):
Definitely, that's one application of the sensors, so trying to understand what factors locally are causing floods. For example, our sensors in Carolina Beach, the town is really proactive about trying to solve their flood problem or come up with solutions. As part of that, they have gates that they close prior to predicted high tide events, so they have a threshold that they look at the tidal predictions and they're on alert and they put Facebook warnings out, and then they put the gates down once they see water on the road. What we found with our sensors and what we heard from folks there was that wind causes unexpected floods, and it turns out that wind plays a big role in that region, in pushing up water levels in their sound. Now we know that persistent winds over five miles per hour over 24 hours, which that's not a whole lot of wind-
Tracy Peak (21:24):
That's not a whole lot of wind.
Katherine Anarde (21:25):
Yeah, that can lead to increased water levels that result in flooding. Now we have a threshold locally for wind, and when you have this data of flooding on land, you can start to piece out in different locations some other thresholds. But when you talk about computer models, I think the bigger picture is, "What do we do about it?"
Tracy Peak (21:53):
Yeah.
Katherine Anarde (21:53):
There's preparing for it as an individual, in terms of your scheduling or decision-making, but what do we do about it with big infrastructure investments? The flood problem is really that we are low-lying as a state and we developed land that's sinking, we developed land without raising infrastructure, and sea levels are rising. We can try to build walls to keep water out. Something we haven't talked about yet is groundwater, so with rising sea levels, that also puts pressure on the shallow groundwater table, and that means that the land no longer acts like a sponge, it can't suck up rainwater the same way. We're talking about big flood infrastructure investments that can cost tens to hundreds of millions, let's say, a floodgate if you wanted to install one of those. If we don't have a firm understanding of what factors or ingredients are leading to floods locally, how in the world are we going to come up with strategies that can withstand future sea levels or even those different ingredients now?
(23:16):
We're using these flood models, these computer models, to try to piece out the factors that are causing flooding and whether or not different flood strategies, like seawalls or bulkheads, pumps, raising stormwater infrastructure, installing floodgates, removing infrastructure from places, whether or not those strategies will be effective over 10 years, 20 years, 50 years. That's what the models are for.
Tracy Peak (26:27):
The big picture here is you're trying to fill in gaps with data, so that people can make informed decisions going forward. How do we want to address the issues that we know that we have? How can we perhaps plan for a better future? How can we help people make decisions about what they can and cannot tolerate?
Katherine Anarde (26:50):
Give them the best available information for them to make decisions about how they want to live with water, because the fact is we live with water now and we're going to get more of it. It's a low-lying coastal plane, the water's creeping up, and the more information we have about what's happening now will help us make informed decisions about the future.
Tracy Peak (27:17):
Okay, so you've got your sensors in place and you've got cameras in place and you're gathering the data, so what are your next steps with the work?
Katherine Anarde (27:28):
This recent work really paints the picture of what the flood burden is across the state, and like I said, this is not new news to folks living along the coast, but it is new news to regulators, to some degree, or for unincorporated areas, for county officials who don't live in these areas, and we're now starting to engage with communities to think about, "What do we do about it?" You can't come up with solutions without knowing the full scope of the problem, so now that we know the scope of the problem, we're using those computer models, we're also trying to get a sense of, "What are people's ideas for what to do about it?" We've found within the engineering world that, for example, the Army Corps, they might come up with a solution for flooding that makes sense based on, let's say, roadway accessibility or some other factor, and without buy-in from the community that uses that road, it may be that nobody wants to actually live in that community if this other road isn't accessible.
(28:50):
There are factors that aren't necessarily considered within design of infrastructure that are important to people locally, and the places that folks want to keep dry I think will vary from place to place, so that's what we're trying to understand. What influences how people want to live with water now and in the future? What do they want to stay dry? And how might flooding look in the future around those important areas to people? It's not always what you think. Sometimes it's cemeteries, sometimes it's churches, sometimes it's this full stretch of roadway, so we're asking a lot of questions. We're going and talking to people and trying to piece out those values and then incorporating those values into how we, as engineers, think about flooding and designing changes to infrastructure, like roadways or stormwater networks or flood walls.
(29:54):
By incorporating people in the modeling process and their value systems, we're hoping that we can come up with a... I don't like the word "Holistic" here, but a more meaningful path forward, because there's no silver-bullet solution here for flooding. There's going to be trade-offs, those trade-offs are going to vary from place to place, and ultimately, the people that live there need to have a say in those trade-offs, because inherently, they are based on values.

The data from these flood sensors really highlight that the problem of sea level rise is a now problem. It's not a problem for future generations, it's here, and there's uncertainty about the future and how much we'll have, but it's a moot point. The ocean's going to continue to adjust to what's in the atmosphere now, or the melting will continue to happen even if we stopped emissions now. There's a bought-in amount of sea level rise in the future, but it's already flooding a third of the year now, so when we say the burden of sea level rise is upon us, I think this data just highlights how urgent the problem is, and that people are living with sea level rise and have already learned how to adapt to it. We have a responsibility to pay attention and to be mindful about who is experiencing that burden the most and who is getting the resources at a state level to actually adapt.

The poorest parts of the state are flooding the most and they have the smallest voices, and they are most poised to have to give up their way of life, which when I think about how people live with water across the state, what I value the most are those rural places. That, to me, is true coastal North Carolina, our rich fishing history, our old-timer barrier island communities. To see them experiencing the most amount of flooding and being asked to adapt with limited resources, to me is an injustice and a loss of Carolina history and culture, and we need to be mindful that that's happening.

Tracy Peak (32:30):
I understand that, absolutely. This brings me to my final question, which may or may not be related to anything we've spoken about thus far, which is, what is the coolest thing that you've learned during your work? It doesn't have to be associated with sunny day flooding, it could be anything that you learned in your journey to engineerdom. Your favorite fun, cool fact that you met.
Katherine Anarde (33:00):
I was not prepared for that.
Tracy Peak (33:01):
No, [inaudible 00:33:02] prepared for that. It could be around the project as well, or it could just be something that you're like, "This is cool, and when I got into my realm of study and I found out this fact, I was like, 'Vindicated, this is the bomb.'" Yes.
Katherine Anarde (33:17):
Okay. This is probably not... It's not cool, but I think it's important, and I had not considered it before I started down this path of research. These floods occur on sunny days, and you'll go out there and it's gorgeous. The ocean looks amazing, even the floods can be beautiful in the roadway, and then you see children playing in it and you see people walking through the floods. When I first started studying these floods, I was like, "Huh, that looks gross. There's got to be something in the water," and I got concerned, especially with the children playing. Turns out I'm not the first person to think that, and there are folks already here at NC State that were thinking the same thing, "What's in that water?"
(34:16):
A lot of people that visit these coastal areas are there to enjoy the ocean, and when I've been down at the coast, folks have asked me, "Is there a water main break?" There's just not a lot of knowledge of what's happening on these sunny days and knowledge of where the water's coming from, but it turns out that the water is really contaminated. Almost everywhere that we do work or try to measure floods, there's fecal bacteria in the water. It's not cool, but it's a really important consideration of these floods. You shouldn't walk through them, you shouldn't let your kids play in them. Just stay clear of the floods, because they contain waste.
Tracy Peak (35:07):
All kinds of icky stuff, right? Because they're coming from storm drains and...
Katherine Anarde (35:11):
Yeah, and they're knocking over trash cans, there's pet waste.
Tracy Peak (35:16):
There's diapers in the trash cans. Yeah, a biologist once told me that you just need to accept the fact that the entire world is covered in a thin layer of fecal matter, but that doesn't really help. That doesn't really help and you don't want your children play-
Katherine Anarde (35:31):
You can accept it. Yeah, just don't let your children play in it, don't go swimming in it, don't go walking in it.
Tracy Peak (35:37):
Don't be all up in that. No, that's terrible. It's a cool fact, though. Ew.
Katherine Anarde (35:46):
Stay clear of flood waters, that's the message for today.
Tracy Peak (35:49):
That is a good message to have. Absolutely. Well, thank you so much for being here today.
Katherine Anarde (39:32):
This is fun.
Tracy Peak (39:33):
This has been fun.
Tracy Peak (39:37):
We've been speaking today with Katherine Anarde, assistant professor of coastal engineering at NC State. This has been Audio Abstract. I'm your host, Tracy Peak. Thank you so much for listening.
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