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Paul Thies: Each year, flooding disasters have the potential to cause billions and
negative financial impact, and more importantly, can imperil the lives of many, many
people caught up in their path. However, thanks to data science and advanced tools
and technologies, scientists are now more able than ever to assess and contend with
dangerous floodwaters. Hello, I'm your host, Paul Thies, and on this episode of
If/When, | spoke with two experts in flood risk management and mitigation.

Joining me for this episode are Roger Falconer, Emeritus Professor of Water &
Environmental Engineering in the School of Engineering at Cardiff University, and
Dr. Richard Crowder, Jacobs' Director, Water & Environment. We discussed what
they're seeing in terms of flooding frequency and severity, especially with a view
towards the impact of climate change. We also discussed how emerging
technologies can help with flood risk management and the latest advancements in
flood model accuracy and response.

Roger and Richard, thank you both so much for joining me today. We're going to be
talking about a number of topics related to flooding, flooding frequency, and severity,
and then mitigation steps, and also flood modeling. Thank you both for joining me
and sharing your expertise with our audience. I'd like to start with you, Roger, and
my first question in to set the table in terms of the challenges before us that flooding









Roger mentioned that sea level rise could be up to a [unintelligible 00:10:59] in
some cases. We could have the intensity of rainfall changing significantly, the actual
makeup of the land and how buildings are located, and so forth could have a huge
impact on the environment going forward. We can use computer models to do what-
if scenarios, to do testing to understand what the future might look like so we can
adapt our future plans on investment strategies and invest widely. Flood modeling
plays a huge part on everyone, whether you're a member of the public or an
engineer or scientist.

Paul: Well said. | seem to recall, and the data point escapes me, but | recall seeing, |
think it was the United Nations and some studies they had done, but the migratory
patterns of the global population right now and in the years to come 2030, 2050
whatnot, tend to be that people are congregating more and more in mass in urban
areas. You're having more people living in urban areas and they're tending to, | think,
migrate more and more to coastal areas. We're seeing humanity moving, if I'm
correct here, more toward the coastal areas and more people are living in coastal
areas.

It sounds like flooding, flood modeling, coastal squeeze, those kinds of phenomenon
are going to be more and more important to mitigate and manage in the decades to
come. Now, Roger, you had mentioned catchment, can you tell us what is integrated
catchment modeling and can you explain what that is, how it works, and how it helps
with flooding management response?

Roger: Well, if | may, what | see is got integrated catchment modeling, which is not
necessarily always what everyone might argue is the case. Historically, in my view, if
we go back to when | first started my career in the late '70s, early '80s, and so forth
because you didn't have the computing resources then to do intensive modeling, you
would model just one small catchment. When the several farm fields, for example, in
the brook and the small stream entered the river, that was the end of the catchment.

Using today's arguments, for example, you might build some woody debris dams, for
example, and put them in that catchment to try and hold the water back in that
catchment, which is a great thing to do. Then there'd be another catchment, the
other side of the river, you do the same there and you're not actually solving the
problem in an integrated way because you could find that both of those woody debris
dams fill at the same rate. Then when they're full to capacity, they release more
water back into the river at the same time. | tend to think of the catchment as being
much more like what you were defined in the states as the watershed or the river
basin.

To me, what we have now is the capabilities modeling right from the upper end of the
catchment of the basin by UK standards all the way down through the river basin
system, right down to where the big river or the relatively large river joins the sea or
joins a major river which then takes it to the sea, for example. In the UK, we have the
Wye flowing into the sand, for example. You might consider the Wye as a whole
catchment. To me, integrated catchment modeling means modeling the system from
right at the top of where the rain first falls on the land to when it ends up either in the
sea or a major river, then taking it onto the sea.






The flow is very complex and if you take an undergraduate civil engineering course,
for example, and you look at flow on a flat plane, that's taught at undergraduate level
and a competent undergraduate civil engineering student could answer tutorial
guestions in an idealized or exam questions in an idealized catchment and they
could predict the water levels. When it comes to a steep catchment, that's beyond an
undergraduate level. If you put this into a medical context, for example, the first
example of flat terrain is a bit like an appendix operation and you can do a medical
degree and you can go out and do a bit of appendix operations and it's pretty
routine.

What we are talking about down steep catchments is neurological brain surgery,
which you have to be a very highly specialized consultant surgeon to do that work.
That's the same here, because now when we are looking at the catchment, we have
what we call transcritical flow, supercritical flow, similar to a plane flying at
supersonic speeds, which typical Boeing commercial jets can't do, for example, not
to criticize all jets. You need a different level of highly sophisticated expertise.

In the flood modeler suite, for example, you have the TVD, which is a shock-
capturing algorithm, which allows you to model these very accurately. You might
think this is a technical point, which is rather for the academics, but quite a lot of
flood modeling had been done in a site on West Wales many years ago. There was



include a lot of detail. It's important to include that detail if it's going to have an
impact on the flow. If you're just taking kind of a broad brush approach, there are a
lot of features that could impact on flow rates and flow paths but if you don't pick up,
it will give you the wrong answers. In simple terms, Flood Modeller, it is just a digital
twin, but it's underpinned by proven science and technology.

As Roger was mentioning before on the TVD solver, you've got to use the right
mathematical techniques or the right solvers, depending upon the hydraulic
problems you have and you're trying to solve. Within a Flood Modeller, we've broken
it down into, say, three core components. One is the hydraulics and the river. We
have a solver that models the flow and the river and all the structures that you get
there. It's got more than two dozen different types of structures that you can easily
model.

Then you've got the, when it comes down to a bank and it starts flooding above
ground. We've got the 2D solvers, so you can model in high resolution. It could be to
a 1-meter grid cell or 20-meter, if you wish, the flow going over the ground and you
can link that to your 1D river. Then of course, if it goes into the urban drainage
system, you need to be able to model the interaction with it. That's a different type of
hydraulics again and we have a different solver for that.

You've got three different components that you're trying to link together in a
mathematical way. What Flood Modeller does, it enables you to build all those
components from a visual perspective and then close all the maths together in a very
sophisticated way. It makes it fairly straightforward for the user to run scenarios of,
what if | dredged my channel? What if | raised my embankment by so much? What if
we had a future climate scenario of additional rainfall or additional flows? You can
put that into your model and then you can basically look at the results.

Whether you're looking at just the water level, a flood extent or a flood map, or the
velocities as how fast the water's going in a particular area. Flood Modeller is a pretty
sophisticated tool of bringing the science and technology that many academics have
produced and we've worked on for many years since the late '70s and put it in a user
interface that makes it practical, and I'll say easy to use. It's making it consistent to
use, so it's robust and people can do it in a consistent way and from one project to
the next applying as many scenarios as possible.

Paul: Let's take a look here in my next couple of questions for both of you talk about
next steps and where we see the technology is going. I'll start with you, Roger, and
I'd like to ask, what role do you see technologies such as artificial intelligence,
machine learning, internet of things, and real-time remote sensing, things like that,
how do you see that impacting flood modeling?

Roger: | see it as having a significant impact in the future. Atrtificial intelligence, | see
this as been broken down in machine learning, artificial neural networks, GAs. | see
these as all part of artificial intelligence or informatics. | think firstly, it will reduce the
dependency of individuals' experience of parameters, for example, roughness
coefficient, and so forth. This can all be automated through the artificial intelligence
schemes picking the best parameters. If you ask two different-- | can remember
when | was a young chap, | did one of the first modeling studies | worked on.
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the system. It's like, if we just listen to the squeaky wheel and we take care of them
over here, but we're not thinking about this systemically, it's actually going to create
more problems. We have to be able to take a larger view and do what's best for



| know there's other technologies where you can take, like you alluded to, data that
would take hours or maybe even days can be done in minutes now. Then as the
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