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Tracey:	00:00	Hello and welcome to NC State's Audio Abstract. I'm your host, Tracey Peake. The months of March through June mark tornado season, the time of year when tornadoes are most likely to form and even though North Carolina isn't in tornado alley, we do get our fair share of these storms. Brice Coffer is a senior research scholar here at NC State who studies tornadoes. He's here today to talk about the latest findings on how exactly these storms can form. Welcome, Bryce.
Brice:	00:27	Thanks, Tracy. I'm happy to be here.
Tracey:	00:28	Let's get right into it. So what do we know basically about tornado formation? How do these giant thunderstorms generate tornadoes?
Brice:	00:37	Although some of the details of tornado formation are still being investigated by scientists, we kind of know the basics of why certain types of thunderstorms produce tornadoes and others don't. In general, we know that thunderstorms form when warm humid air at the surface is kind of overlayed on top of relatively cold air aloft. And this creates instability that the thunderstorms can feed off of to create all the precipitation and stuff that you see when you look out at thunderstorms.
Brice:	01:11	And then another type of ingredient that is kind of special to the storms that produce tornadoes is wind shear, and that's when the wind changes speed and direction with height rapidly. And so those two things kind of combine to give you these special types of thunderstorms that produce tornadoes. And so for a tornado to form, there needs to be air spinning at the surface in addition to these storms, aloft. And so that happens when air sinks to the ground and starts to acquire rotation. But to get the tornado that you see, you need to contract that kind of broad rotation at the surface into a tornado. And that's similar to if a figure skater brings in his or her arms to spin faster. You kind of need that same process to happen in a storm in order to get something that's more of a tornado versus this broad rotation.
Tracey:	02:09	Well, that brings me to sort of a follow-up question. You know, most people think of, oh a tornado, they think of it coming down from the giant thunderstorm or the cloud, and your work focuses more on these ground level winds. And how did those winds get, are they pushed down by the thunderstorm to start with? Is that what's happening here? And then how do they get kind of compacted into, what we consider to be that funnel shape?
Brice:	02:39	What we're kind of been focusing on lately is the winds near the surface that are kind of going up and into the storm, into the updraft, but there is this kind of illusion that a tornado forms above the surface and then descends down. And that's actually not true, as you mentioned. It's kind of a visual illusion. You just see the clouds start to descend towards the surface, but actually the tornado forms near the ground and as the rotation increases at the ground, the pressure drops, which causes the cloud to move from say, maybe a kilometer above the surface to start descending down towards the surface. And that's actually what you see when you see a tornado come to the ground. But the actual tornado itself starts from the ground up. And so our work has been focusing on how you get that rotation at the surface to contract.
Brice:	03:39	And what you really need is a strong updraft aloft. And so that updraft is air rising into the storm. And then when it's really strong, it stretches the air at the surface like that figure skater bringing her arm, his or her arms in. And so, our work has kind of looked at these near ground winds and the inflow of the storm, and so we looked at two different types of storms, non-tornadic and tornadic storms, and they seem to have slightly different winds in the lowest few hundred meters of the atmosphere. For example, the tornadic storms, they were rotating as the air goes into the storm, it's rotating, but it's rotating more like a tightly thrown spiral of a football. But in a non-tornadic ones, the air is rotating in a different sense. It's more like if you kick off or punt a football and the ball's rotating end over end instead.
Brice:	04:42	And this leads to differences in the storm right above the surface. And that's really what kind of leads to the transition between that broad rotation into something that's more of a tornado.
Tracey:	04:55	Okay. So you guys can presumably look at or measure the way that the air at the surface is rotating and be able to say, okay, this storm is likely to form a tornado?
Brice:	05:16	Yes. So we have been working with some of the best forecasters for super cells and tornadoes at the storm prediction center in Norman, Oklahoma to look at maybe over 20,000 different super cells. And we know that super cells are a very special type of thunderstorm and they produce almost all tornadoes, but maybe only like 15% of super cells actually produce a tornado.
Brice:	05:41	And so with these forecasters, we've compiled all these different super cell cases over 20,000 as I mentioned, and separated them into non-tornadic, weakly tornadic and significantly tornadic storms. And so we were able to kind of confirm some of our earlier work, which was just a subset of storms from when we were out chasing, with a much broader data set to kind of confirm that these winds in the lowest few hundred meters when it's more like a football or a tight spiral rotating into the storm. Those storms have a much higher likelihood for tornadoes than-
Tracey:	06:30	How would that maybe work into forecasting, like realtime forecasting? Would this be something that you could use in the future to say, okay, this thunderstorm is probably going to generate a tornado and you need to take cover?
Brice:	06:57	We were able to help them improve that by maybe about 25% and so it increases their awareness and understanding of which storms are probably the most likely to produce tornadoes. We'll maybe never be able to say exactly which storm is going to produce the tornado or not. But we're continually increasing our understanding of the environmental ingredients that control tornado formation in storms.
Brice:	07:42	And so by increasing our understanding of this and thus increasing the skill of the forecasting parameter, forecasters are already starting to use this to improve their weather forecast for tornadoes. 
Tracey:	08:07	If you had sort of the perfect recipe for a storm that's going to produce a tornado, what would that look like? What's happening in a storm to make it the perfect storm to produce a tornado?
Brice:	08:24	Yeah, so things that you'd kind of look for are, I talked about the instability, aloft that kind of fuels the thunderstorm when you have really warm humid air at the surface and really cold air aloft, and this cold air, the faster that the temperature decreases with height leads to more instability. So, sometimes that can be over 30 degrees over a few miles. And so when that's really high, there's a lot more instability for the storms to work with. So that would be one ingredient.
Brice:	08:55	And then also we know that when the bottom of the cloud is really low, that's actually more favorable for tornadoes as well because it has to do with how much evaporation occurs from the rain that falls. Evaporation leads to colder air. And so a lot of cold air is hard to stretch into a tornado. It's like a big cold dense block that's harder to move upwards. And so lower cloud bases, more instability, and then this winds in the lowest few hundred meters that feeds the low level updraft when that's more like a football. That's when some of the most common tornado outbreaks have those ingredients, but in very extreme quantities.
Tracey:	09:49	So you mentioned that you had done some tornado chasing, I guess as a way to get information for this research. So you know, how close have you been personally to a tornado? What was that like?
Brice:	10:02	So normally we stay, when you're doing kind of the research aspect, you stay a bit farther away to kind of launch balloons and other instruments. You don't want them going directly in to the storm because then they often get destroyed a little bit. But when you're kind of chasing, maybe just personally, sometimes you stay about maybe a mile or two away, and storms don't move as unpredictably as they kind of show in television or especially on Twister. And so, you kind of know a general direction that a storm is going and so you can stay within about a mile or a mile and a half of it. And so, sometimes you get a bit closer, maybe not on purpose, but you try to stay just a bit away because that increases also your view of the storm. If you get too close to it then you can't see very well.
Tracey:	10:57	What is the most exciting or surprising part of doing tornado research? Most people just think, oh yeah, you're driving around in a van chasing tornadoes. Woo. But what is really the most exciting or surprising thing that you've found?
Brice:	11:17	The most exciting thing is probably the driving around, and then one of the things that I really like about it is that, storms are unique in that they happen in a very small window of time. Like nobody will ever see what I saw at that moment again. It won't happen again in that same sense. Like storms and tornadoes form again, but the specific kind of formations that I saw nobody has ever seen and will ever see again, which is kind of a cool thing to think about.
Brice:	12:18	And then kind of the most surprising thing that people learn when I tell them what I do is that a lot of my time isn't doing that, going out and chasing. A lot of my time is behind a computer and some of the also exciting things in the future is just how much our computer processing is increasing and so we're able to recreate thunderstorms using computer models that, resolutions that we have never been able to before and seeing new details and new things that are going to lead to increase understanding of the controls on tornadoes in the near future because of how fast computing has been increasing.
Tracey:	12:59	Is there anything that you wanted to add that I've missed? 
Brice:	13:11	In the last couple decades, it's amazing how far we've come forecasting tornadoes. As I said, we still can't mention exactly which one will produce a tornado, but we can identify areas that are, say like central North Carolina might be favorable for tornadoes in a couple of days and sometimes we even get good forecasts out to seven days. And this is pretty remarkable and this comes from a couple different things. One, we've now in the last like 20 or so years, we have weather radar that continuously scans for precipitation and rotation, which we didn't use to have. And so forecasters are always aware, but also we've just increased our understanding of which storms are most likely to produce tornadoes.
Brice:	14:01	And so we've come a long way from, especially in this kind of the earliest 20th century when people the air force just started doing tornado forecast and then tornadoes, forecasts were actually banned by the U.S. Weather Service at the time, the version of it, because thought was it might induce mass hysteria or something. And so we've gone from a point where we weren't even allowed to talk about tornado forecast and now we can do it up to almost seven days on the really big outbreak days.
Tracey:	15:14	Well, that's amazing. Well, thank you so much for being here today, Brice.
[bookmark: _GoBack]Brice:	15:18	Thanks for having me.
Tracey:	15:19	We have been speaking with Brice Coffer, a senior research scholar here at NC State. This has been an Audio Abstract. I'm your host, Tracy Peak. Thank you so much for listening.
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