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Good morning Chairwoman Johnson and Ranking Member Lucas. | am Dr. James Done,
deputy director of the Capacity Center for Climate and Weather Extremes at the
National Center for Atmospheric Research. Thank you for this opportunity to participate
in this important hearing. I’'m a physical scientist specializing in extreme weather. In my
role of Senior Academic Fellow of the Willis Research Network | collaborate with the
reinsurance industry to advance our understanding of extreme weather and effective
risk management. It’s my pleasure to testify today on the state of the science of
extreme weather under climate change and to outline opportunities to bolster our

science, risk management, and protection of lives and property.

Executive Summary

Extreme weather is the main vehicle that delivers the impacts of climate change. We
have already detected a signal of climate change in deadly heatwaves and flooding
rains. And further changes in extreme weather are anticipated. Whereas the
incremental warming of our earth system may seem small, on-the-ground impacts are
anything but. In addition to local devastation, extreme weather impacts reverberate

through our natural, physical, and social systems.

The U.S. has excelled at producing breakthrough research advances and technologies
that benefit science, human safety, economic prosperity, and national security. It's now
more important than ever to have effective communication of solid short-term
forecasts, and robust longer-term risk management strategies. A deeper integration of
science and practice is urgently needed to strengthen protection of lives and property,
ensure military readiness, and sustain economic competitiveness. Our choice is clear:

Implement solutions, or face greater catastrophes.



1. Introduction

Thank you for the opportunity to discuss this urgent topic. | shall begin outlining the
state of today’s extreme weather and how it’s different from the past. Then I'll outline
what we can expect in the future. I'll close with some recommendations for how we can

respond by bolstering our science and risk management practice.

We have entered a new era of extreme weather. While the U.S. is no stranger to
extreme events, impacts from recent events have been unprecedented. We've
experienced the devastating floods brought by Harvey, Florence and Imelda. We’ve
baked under deadly heat. We’ve endured multi-year droughts. And we’ve experienced
the tragedy of fast-moving, intensely hot wildfires. New forms of extreme weather have
appeared. The Carr Fire near Redding, California in 2018 produced a long-lived tornado
with winds up to 150mph, uprooting trees and downing power lines. Alaskan coastlines
previously protected by sea-ice are now seeing erosion from Arctic cyclones. What is

causing these rising impacts?

Extreme weather has changed. So have we. Impacts arise from the intersection of
extreme weather with our rising populations and increasingly interconnected systems.
Enter climate change, a pervasive and growing risk multiplier. All these factors
contribute to impacts. Questions of whether climate change caused an event miss this
point. Sure, our shifting demographics are a strong contributor. And on top of that,
evidence is building for a climate change signal in our rising losses. As a physical scientist
| know that the events that cost money and lives, such as coastal flooding from sea level

rise or flooding rains from intense thunderstorms, have increased.



Figure 1: A striking visual of Category 5
Hurricane Dorian on Sept 2, 2019
showing the exposure of our rising
population to todays’ record-breaking

extreme weather.

Our challenge then, is to
understand these factors, and use
that knowledge to inform actions
to reduce future losses and
maximize potential benefits. It’s

now more crucial than ever to

02 Sep 2019 10:212 NOAANESDIS/STAR GOES~asIGEOCOLOF‘i fU”y integrate our science with
our risk management practice to strengthen protection of lives and property, and

support military readiness and economic competitiveness.

2. We Live in a New Era of Changing Extreme Weather
Today’s warmer atmosphere drives more moisture out of our vegetation, soil, and
oceans. We have a fundamental scientific principle that tells us that the moisture in the
atmosphere increases by about 6-7% for every degree Celsius of warming. What does
this mean for extreme weather? Given that some warming has already occurred it’s
inconceivable that today’s weather, that operates within this warmer, moisture-rich
environment, has not changed. Indeed, the hand of climate change has already been

detected across a range of extreme weather phenomena.

Heavy rainfall for example has followed the same rate of increase as moisture. We have
detected increases in heavy precipitation across the U.S. with the largest increases in
the Northeast. There is also some evidence that rain rates may be rising even faster

than the rate of moisture increase. Recent studies found the climate change



contribution to Hurricane Harvey’s rainfall could have been as much as 20%. But more

work is needed to understand this rather alarming possibility.

What does this mean for our aging storm water infrastructure? Figure 2 compares two
photos of the same street corner in downtown Pittsburgh, PA taken almost 100 years
apart. Much has changed in 100 years. What hasn’t changed is the storm water
infrastructure. Can our aging storm water infrastructure adequately collect and convey

today’s deluges?

Downtown Pittsburgh, 1912 Downtown Pittsburgh, 2010

Figure 2: Two photos of the same street corner in downtown Pittsburgh, taken almost 100 years apart.

(PG Archive, left), (Pittsburgh Post-Gazatte, right). With thanks to T. Lopez-Cantu (CMU).

Hurricanes are multi-hazard phenomena that combine flooding rains with dangerous
surge and destructive winds. What do we know about changes to these other
characteristics? Sea levels are higher today than a few decades ago. Today’s storm
surges ride on top of these higher seas. We don’t know yet whether climate change has
contributed to changes in North Atlantic hurricane numbers or peak wind speeds. This
does not mean that climate change is not playing a role - we just don’t have the data to
be sure. But most scientists agree that climate change has contributed to a global
increase in the fraction of Category 4, 5 hurricanes. Other observed changes include a
global slowdown in tropical cyclones, including a trend in stalling storms over our

vulnerable coastal populations. But this has not yet been linked to climate change.



The good news is that our ability to forecast hurricanes has improved markedly.
Hurricane Dorian is a case in point. It’s remarkable to me that we had a Category 5
hurricane 150 miles off the coast of Miami (Fig. 1) yet no evacuations in the Miami area
were required and people could go about their business as usual. A robust observing
network, and vast strides in prediction technologies, both funded by the federal

government, paid dividends.

What of our other extreme weather phenomena? The regions favored by tornadoes
have shifted east across the central U.S. But we don’t yet understand the cause. There is
also evidence that tornadoes are clustering in greater numbers, with longer tornado-

free periods in-between. But again we don’t understand the cause.

Now consider wildfire. California is one of the most flammable places on Earth. While
the numbers of wildfires are holding steady, today’s fires are much larger than in the

past. They are also moving faster and burning more intensely.

The most well-understood climate change impact on wildfire behavior is through
warmer summers driving more moisture out of vegetation. This crisp vegetation
provides the fuel for when fire weather conditions arise. There is also evidence that Fall
rains are starting later. These first rains of the Fall bring critical moisture that shut down
the fire season. Take the case of the tragic Camp fire in Paradise, California last
November. This fire would almost certainly not have occurred had the Fall rains arrived
as usual. Last year’s near-record warm summer desiccated the vegetation. While strong
winds were a key factor, strong winds in damp forest just don’t drive large, fast-

spreading wild fire.



3. What Can we Expect in the Future?

Many people question whether we have reached a new normal of extreme weather?
The answer is emphatically no. There’s no evidence to suggest we’ve reached some kind
of stable state of extreme weather. We understand that extreme weather will continue
to worsen. And it will combine with demographic and ecological shifts to bring new

risks.

Looking to the future, there is mounting evidence that, rather ominously, the more
extreme the event, the more intense and more frequent it will become. Take heavy
rainfall for example. A recent study by my colleagues found a 4-fold increase in the
frequency of the heaviest summer thunderstorm rainfall by the end of this century. Not
only does the rainfall rate increase by a 6-7% rise per degree warming, but there is some
evidence that the storms may cover greater areas. These compounding effects would
double total water volumes falling from these storms, with catastrophic simultaneous
multi-watershed flooding. For the case of hurricanes, recent work suggests will we will
see more storms reaching the most intense hurricane categories. But more work is

needed to ensure this result is robust.

For hurricanes in general most scientists will say they expect faster wind speeds and
worse hurricane-related flooding due to heavier rains and stronger storm surges.
Unfortunately for us property damage rises about 3 times as fast as the rise in wind

speed. So even modest increases will lead to large changes in damage.

Changes to other impactful characteristics of hurricanes are less certain. We don’t
know, for example, whether we’ll see more stalled hurricanes on the U.S. coast. Nor do
we know how the likelihood of very large hurricanes will change. Likewise, we don’t

understand how hurricane-spawned tornadoes may change.



Looking at other extreme weather, evidence is mounting for future changes in large hail.
The warmer and more-moist atmosphere provides more fuel for hail-generating
thunderstorms. There is some evidence for an overall increase in hail size. But the U.S.
Gulf States may see fewer large hail events due to the suppressing effect of elevated
freezing heights. For tornadoes, it’s not clear whether climate change will make them
stronger or more frequent. This is not because there will be no change, but because we

don’t have the understanding or data to be sure.

Fire seasons are getting warmer, meaning that tinder dry vegetation will become more
common, all other things being equal. But what about precipitation? Will dry Falls
become commonplace, thereby extending fire seasons? There is evidence emerging that
Western U.S. winter precipitation may concentrate into the heart of winter, at the

expense of Spring and Fall.

There is a clear need to deepen our understanding of how these key damaging
characteristics of weather extremes may change. We need to stay ahead of all possible
event scenarios. Hurricanes exploding into life right along the U.S. coast is just one
example of possible future hurricane behavior that would seriously compromise our

ability to issue warnings and enact emergency responses.

4. Innovating our Science and Risk Management
Given this era of unprecedented high-impact weather events, and the expectation of
worse to come, it's more important than ever to have solid short-term forecasts and
robust longer-term risk management strategies. This is essential to protect lives and
property, ensure viable populations in our coastal regions, and to ensure military

readiness and economic competitiveness.

The weather enterprise, including sponsorship of the National Center for Atmospheric

Research by the National Science Foundation, has transformed our knowledge, research



infrastructure, and community capacity for extreme events. Despite these leaps in
capacity, we still suffer from poor understanding of some of the most high-impact

weather events, and a disconnect between scientific advances and societal benefit.

Our changing extreme weather is fundamentally a question of risk assessment. We need
to understand what impacts are possible, and how likely they are. This requires us to
focus on the impacts to understand the science that needs to be done. Impacts are
driven by a confluence of factors: our demographics, characteristics of the weather
events, with climate change an all-pervasive and growing threat multiplier. Our
response, then, must consider all these ingredients of risk and their interactions at the

same time. This requires deep integration of science with risk management.

My experience as a Willis Research Fellow taught me that there are huge potential gains
in our ability to protect life and property through deep integration of science and risk

management. Allow me to give a current example.

While discussing risk management with my colleagues at Willis Towers Watson | learned
that hazard risk is commonly based on the assumption that extremes are independent
of each other. But I’ve seen in the data that extreme events know about each. Some are
like buses — you wait forever then three arrive at once. These groups of extremes bring
potential vulnerabilities for risk management. For example, water managers up and
down the U.S. West Coast are all too familiar with parades of winter storms that raise
flood risk and stress water management practice. Scientists are excited about the
potential for this understanding of connections between extreme events to lead to
better forecasts. In turn, risk managers are looking for ways to innovate practice to

design away this vulnerability.

My recent work exploring the effectiveness of building codes provides another example

of the value of integration. The devastation caused by Hurricane Andrew in 1992 was



largely attributed to poor construction. In response the state of Florida retrofitted their
building code to mitigate future hurricane losses. But how effective is this code? |
conducted a study with economists to explore that question. We found up to a 72%
reduction in losses for homes built to the new code, thereby demonstrating that the

code is indeed very effective.

But it costs money to build to code so is it worth the expense? Our research found that
for every dollar spent building to code, you get between 2 and 8 dollars back in
mitigated losses. My colleagues found similar levels of cost benefits of building codes

against tornado risk in Oklahoma.

If Hurricane Michael’s impacts on the Florida Panhandle (Fig. 3) and into Georgia last
year are indicative of the future then the benefits of effective building codes will
continue to rise. Yet these benefits will only accrue if we understand the future
conditions to which codes should be responsive to. Without codes designed for future
conditions, deteriorating levels of protection may lead to people choosing to leave
impacted areas. Intensifying drought, wild fires, and hurricanes may all begin to enter

people’s decisions of where to live.
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Figure 3: Mexico Beach, FL after Hurricane Michael (2018). Older homes not built to code are completely
destroyed. But newer homes built to code suffered relatively minor damage. (Dronebase/Reuters,

Handout/Reuters).

Not only do building codes mitigate losses, but can also make insurance more affordable
thereby closing the so-called protection gap. Better understanding of the range of
future extreme weather events is critically needed to gauge the effectiveness of current
codes, analyze the effects of policy decisions, and inform retrofitting our nation for the

future.

These experiences lead me to ask: What other opportunities are we missing to bolster
our science and practice? Finding these opportunities won’t happen by accident. It

requires leadership.

The federal government has a vital role to play in discovering and pursuing these
opportunities to better protect lives and property. The new NOAA and NCAR weather

and climate community modeling partnership serves as a model for accelerating our
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science and guiding it in the direction of society’s most pressing needs. In addition, the
establishment of the Earth Prediction Innovation Center promises to further accelerate
the weather enterprise. Furthering these efforts, and funding other opportunities for
success are urgently needed. Let me outline one immediate opportunity we can’t afford

to miss out on.

Scientists are at the cusp of a breakthrough in our ability to simulate weather over many
decades at a level of granularity not previously possible. With continued federal support
we’ll have the capacity to simulate many hundreds of hurricanes for example, or many
hundreds of flooding rain events over the Mid-West. All of them physically possible in
today’s climate. Of course, these simulations will not be without error, but they have

the potential to be incredibly useful if developed in concert with risk managers.

Resources are required to build capacity for sustained, coordinated and integrated
efforts across science and practice. This includes providing continued support in the
form of observational platforms, computational infrastructure, and research grants. One
specific need is the establishment of a national multidisciplinary dataset of extreme
weather impacts. This vital national asset will catalyze scientific understanding and risk
management solutions at the forefront of societal needs. In this era of changing

extremes, integrated science and practice is not optional.

5. Conclusion
Extreme weather impacts continue to increase. A confluence of factors drives these
impacts, including characteristics of what’s in harm’s way and the weather events
themselves. Climate change acts as a pervasive and compounding threat multiplier.
Indeed, the hand of climate change has already been detected in some extreme
weather phenomena. We understand that extreme weather will continue to worsen.

And it will combine with demographic and ecological shifts to bring new risks.
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This era of changing risk demands solid and well-communicated short-term forecasts
and robust longer-term risk management strategies. A deeper integration of science and
practice is urgently needed to strengthen protection of lives and property, and ensure
military readiness and economic competitiveness. Extreme weather is inevitable,

extreme weather catastrophes don’t have to be.
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