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BETTER, FASTER, CHEAPER, SMARTER, AND
STRONGER: INFRASTRUCTURE DEVELOP-
MENT OPPORTUNITIES TO DRIVE ECO-
NOMIC RECOVERY AND RESILIENCY

WEDNESDAY, JULY 1, 2020

U.S. SENATE,
COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS,
Washington, DC.

The Committee met, pursuant to notice, at 10:06 a.m. in room
106, Dirksen Senate Office Building, Hon. John Barrasso (Chair-
man of the Committee) presiding.

Present: Senators Barrasso, Carper, Capito, Rounds, Boozman,
Cardin, Whitehouse, and Booker.

OPENING STATEMENT OF HON. JOHN BARRASSO,
U.S. SENATOR FROM THE STATE OF WYOMING

Senator BARRASSO. I would ask now that the witnesses for to-
day’s hearing please come forward.

Good morning. I call this hearing to order.

Investing in America’s infrastructure is critical; it is critical as
our economy recovers from the coronavirus pandemic. Last month,
we held a hearing on how rebuilding our highways and bridges will
create jobs, will reduce the cost of goods and services, and will
drive our Nation’s economic recovery. Today, we are going to exam-
ine how America’s Transportation Infrastructure Act will help build
roads and bridges faster, better, cheaper, smarter, and stronger.

Three months from today, the surface transportation authoriza-
tion will expire. This cannot be allowed to happen, especially dur-
ing this pandemic-caused economic downturn. To make matters
worse, the Highway Trust Fund is rapidly approaching insolvency.

Prior to the pandemic, the Congressional Budget Office projected
that the Highway Trust Fund would run out of money in mid-2021.
Now, with Americans driving less, the Highway Trust Fund will
reach insolvency far sooner than first predicted. The time for Con-
gress to pass meaningful, bipartisan infrastructure legislation is
now.

Last year, this Committee approved historic and bipartisan high-
way infrastructure legislation. We worked together across the aisle
to pass a bipartisan bill that greenlights broad, widely supported
ideas.

Democrats in the House, on the other hand, put up a partisan
stop sign. The House Democrats’ transportation bill stands in
sharp contrast to our own. House Democrats cut their Republican
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counterparts out of the process, and they wrote a completely par-
tisan bill. That is why, after a 36 hour markup, it received no Re-
publican votes in committee.

By comparison, this Committee unanimously passed our highway
bill in less than an hour.

The House Democrats’ partisan bill is a road to nowhere. In-
stead, Congress should pass the Senate’s bipartisan legislation and
send it to President Trump’s desk for signature.

America’s Transportation Infrastructure Act will provide record
levels of investment: $287 billion will be available over 5 years to
fix our roads and bridges, to create jobs, and to boost our economy.
The legislation increases funding for all States and tribes, it cuts
red tape, and it protects the environment. It will also increase
needed certainty for States and communities to plan, to permit,
and to build infrastructure projects.

Given the unprecedented economic damage inflicted by the
coronavirus pandemic, we must assure infrastructure projects are
not needlessly delayed. The environmental review process is impor-
tant and necessary. It can also cause unnecessary delays. Delays
increase costs, they limit private investment, and they hurt the
American worker.

America’s Transportation Infrastructure Act will speed up project
delivery by cutting red tape and simplifying agency reviews. Reduc-
ing the time it takes to get environmental permits is essential for
building new highways and repairing existing ones. To improve the
permitting process, the bill increases predictability, accountability,
transparency, and flexibility.

From 2010 to 2017, the Federal Highway Administration com-
pleted environmental impact statements for 114 highway projects.
On average, it took almost 7 years to complete each one of these
environmental reviews.

America’s Transportation Infrastructure Act sets a goal to com-
plete the process in just 2 years. The bill also requires Federal
agencies to establish a unified schedule and empowers the project’s
lead agency to coordinate the entire permitting process. These are
key elements of the One Federal Decision policy.

The legislation will also ensure America’s infrastructure is more
resilient. Our roads and bridges must be strong enough to handle
extreme weather events like hurricanes and floods. At the same
time, our highways must withstand natural disasters such as
wildfires, earthquakes, and rockslides.

America’s Transportation Infrastructure Act provides nearly $5
billion to help protect our roads and bridges from natural disasters
and extreme weather events. More durable, longer lasting roads
are safer; they last longer, of course; and are more efficient for ev-
eryone.

Passing America’s Transportation Infrastructure Act into law is
critical for our Nation’s economic recovery. It will ensure better,
faster, cheaper, smarter, and stronger projects.

I look forward to hearing from today’s witnesses on this impor-
tant topic.

Now, I would like to turn to Ranking Member Carper for his
opening statement.
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OPENING STATEMENT OF HON. THOMAS R. CARPER,
U.S. SENATOR FROM THE STATE OF DELAWARE

Senator CARPER. Thanks, Mr. Chairman.

I do want to welcome our witnesses. Thank you all for joining us
live and in person this morning. We do a lot virtually around here;
I am sure you do where you live and work as well. It is nice to see
you here, and thank you for your work and for your presence and
your testimony.

Mr. Chairman, I want to thank you for holding this important
hearing today.

I want to say a special thanks to all of our members of this Com-
mittee, Democrat and Republican, and one Independent, to thank
them and their staffs for helping us produce a bipartisan surface
transportation reauthorization bill a year ago that we reported
unanimously out of this Committee.

Let me begin by noting that as we meet here today, the House
is also debating a broad infrastructure bill of their own that in-
cludes not just surface transportation, but also drinking water, en-
ergy infrastructure, and broadband. Those are very important sub-
jects.

The cornerstone of their bill, however, is the House Transpor-
tation and Infrastructure Committee’s surface transportation legis-
lation. With the anticipated adoption of that bill, perhaps even
later today, the House is poised to move closer to joining us in re-
authorizing our Nation’s surface transportation programs, which
are set to expire this fall. I am sure we all welcome their progress.
Although we may disagree on some of the particulars there, we do
welcome their progress.

Now, with the surface transportation reauthorization bill moving
in the House, it is time for the Senate Banking Committee and the
Senate Commerce Committee to develop their own bipartisan titles
so that a truly robust surface transportation reauthorization bill
can come to the Senate floor in the months ahead. The American
people are counting on us to get this done. Let’s not let them down.

Every member of our Committee knows that America’s transpor-
tation infrastructure is essential to our economy, to our society,
and if truth be known, to our way of life. The more than 4 million
miles of roadway and 600,000 bridges in this country are essential
not just in connecting us to commerce and to services, but more im-
portantly, connecting us to one another. Unfortunately, across our
country, many of those same roads, highways, and bridges are in
desperate need of repair.

Whether you happen to be driving an 18-wheeler truck hundreds
of miles a day on interstates across the heartland, or hitting pot
holes on your way to work or the grocery store, or to drop off the
kids, just about every driver in America will agree that our surface
transportation infrastructure needs work, a lot of it.

While some roads simply need repairs or repaving, others need
to be rebuilt or completely redesigned. According to the U.S. De-
partment of Transportation, approximately 20 percent of our Fed-
eral aid highways are in poor condition—20 percent—as are some
46,000 bridges.

For decades, we have invested in surface transportation infra-
structure as a country oftentimes without making meaningful
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progress toward improving safety, reducing harmful emissions, and
enhancing resilience. Now, we face a growing climate crisis that
will only make those challenges even more daunting.

Last week, some of the coldest places on Earth experienced a his-
torical heat wave. I don’t know if my colleagues got to see the
news, but temperatures exceeded 100 degrees Fahrenheit in the
Arctic Circle for the first time in recorded history. Think about
that, 100 degrees.

Earlier this year, on the other side of the planet in Antarctica,
my wife and some of her girlfriends from their days at DuPont
were down in Antarctica. Shortly after they left, the temperatures
there reached 70 degrees Fahrenheit, 70 degrees Fahrenheit, an-
other record.

With historic heat waves reaching the coldest corners of our
planet, 2020 is on course to be the hottest year in recorded history.
Moreover, we are being told that the forecast for this year’s hurri-
cane season may well set new records, too, raising serious concerns
all along the Atlantic Coast and throughout the Gulf Coast.

Speaking of the Gulf of Mexico, one of our Republican colleagues
from Louisiana volunteered to me last week that sea level rise con-
tinues to worsen in his State, too, where they are losing roughly
a football field of land a day—a football field of land a day—to the
sea. You will recall that a year ago, the target of Mother Nature’s
fury was the Midwest, where torrential rains and catastrophic
flooding brought havoc to many farming communities, delaying
planting for a month or more in some places.

Farther west, in places like California, Nevada, Oregon, and
Utah, communities are still reeling from last year’s wildfires, some
of which were bigger than my State. And now, they are preparing
out there for another dangerously hot and dry summer season.

These extreme weather events are happening more frequently,
pushing the National Flood Insurance Program ever further into
the red and damaging our infrastructure to the tune of hundreds
of billions—not millions, billions—of dollars each year.

As global temperatures continue to warm, ice caps melt and sea
levels rise, scientists tell us that the record breaking heatwaves,
devastating hurricanes, catastrophic floods, and drought fueled
wildfires we are already witnessing throughout the world aren’t
likely to get better. If we don’t get on the stick, as my grandfather
used to say, they are likely to get worse.

Now, having said that, I understand that some of our colleagues
are interested in talking about the importance of streamlining
today, and it is important that we do that. As we pivot to stream-
lining, however, let me ask that we keep in mind that only about
1 percent of Federal highway projects require the most complicated
Eype of Federal environmental review. That means 99 percent

on’t.

When Chairman Barrasso and I, with the help of our staffs, first
began our work on this legislation before us, America’s Transpor-
tation Infrastructure Act, nearly 2 years ago, we learned that Con-
gress has passed more than 60 streamlining provisions all told in
the last four transportation bills, even though, I am told, the most
detailed environmental reviews are needed for about only 1 percent
of Federal projects. I believed then, and I still believe now, that we
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need to do more than just stack more streamlining provisions on
top of existing ones. We ought to be able to move streamlining pro-
visions. We also need to ensure that the ones we have adopted are
being implemented.

In ATIA, we address streamlining needs in part by focusing on
how to make existing processes work better. In doing so, we dem-
onstrate that it is possible to facilitate important projects without
forgoing environmental protection. That is a win for all of us who
use America’s roads, highways, and bridges, and it is a win for our
planet. Where I come from, we call that a win-win situation. We
could all use a few more of those.

Some of our colleagues know that I am fond of quoting Albert
Einstein, who once said famously, “In adversity lies opportunity.”
God knows we face plenty of adversity these days in our country
and on our planet; pandemics, tens of millions of Americans out of
work, and the list goes on and on.

Having said that, there is opportunity here if we look for it and
seize the day. That is what our Committee did last summer under
the leadership of our Chairman, John Barrasso. We led by our ex-
ample. We didn’t wait until the last minute. We got out of the
starting gate early.

A year ago, we unanimously approved ATIA, our bipartisan sur-
face transportation reauthorization bill that would make an his-
toric $287 billion investment in our Nation’s roads, highways, and
bridges. We then said to our sister committees, the Banking Com-
mittee, our friends on the Commerce Committee, and those on the
Finance Committee, including me, we are doing our job on EPW;
it is time for you on these other three committees to do your jobs.

Is ATIA perfect? No. No bill that I have ever helped write has
been perfect, but this is legislation that we can be proud of, even
as we work to make it better in the days ahead.

Coming from the lowest lying State in the Union, I am especially
proud and grateful that our bill includes the first ever climate title
in a transportation bill in the history of the Congress, investing
some $10 billion over the next 5 years directly in programs and
policies that will combat climate change by reducing emissions and
improving the resiliency of our transportation networks and infra-
structure.

ATIA invests nearly $5 billion over 5 years in a new resilience
formula program available to all States, as well as a competitive
resilience grant program. These new PROTECT grants would sup-
port projects across America that reinforce, upgrade, or realign ex-
isting transportation infrastructure to better withstand extreme
weather events and other effects of climate change.

ATIA also harnesses the power of Mother Nature by establishing
new eligibilities for natural infrastructure, like the marshes and
wetlands that protect our roads and bridges from storm surges, in
the National Highway Performance and the Emergency Relief Pro-
gram.

Mr. Chairman and colleagues, let me close with this. A lot has
changed in the world since we first reported our surface transpor-
tation reauthorization legislation nearly a year ago. It seems like
a decade ago. The coronavirus pandemic has radically changed our
lives, and tragically, taken nearly 130,000 American lives.
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Just as all of us have been compelled to adjust and adapt to a
new normal in our everyday lives over the last several years, we
as a nation need to face the facts of the climate crisis. With our
bill, we are beginning to do so. We need to keep it up, and while
doing so, we need to build and rebuild a surface transportation in-
frastructure of roads, highways, bridges, and transit systems that
are, once again, the envy of the world.

With that, Mr. Chairman, I look forward to our conversation this
morning and to hearing from our witnesses, and to the work ahead
of us to make America’s infrastructure better, smarter, and truly,
stronger.

Thank you very, very much.

Senator BARRASSO. Thank you very much, Senator Carper. We
appreciate it.

We are joined by three witnesses today that we are delighted to
welcome to the Committee. We have Mr. Jason Grumet, who is the
President of the Bipartisan Policy Center. We have Mr. Bob
Lanham, who is the President of the Associated General Contrac-
tors of America. And we have Ms. Christy Goldfuss, who is the
Senior Vice President, Energy and Environment Policy, of the Cen-
ter for American Progress.

Welcome to all three of you. I want to remind you that your full
written testimony will be made a part of the official record today.
So we ask you to please try to keep your statement to 5 minutes,
so that we may have some time for questions. I look forward to
hearing testimony from all three of you.

If we may start with Mr. Grumet.

STATEMENT OF JASON GRUMET,
PRESIDENT, BIPARTISAN POLICY CENTER

Mr. GRUMET. Thank you, Chairman Barrasso, Ranking Member
Carper, and the Committee, for the hard work, and particularly for
the very collaborative process you have undertaken in developing
the America’s Transportation Infrastructure Act.

I am pleased to be here this morning to share the Bipartisan Pol-
icy Center’s strong support for this actionable, bipartisan effort
that will spur economic recovery, strengthen surface transpor-
tation, and create a new model of bipartisan cooperation that I be-
lieve offers a real solution to the climate crisis.

I should apologize to your staff for the undue length of our writ-
ten testimony, but want you to understand this as an expression
our exuberance for being involved in a process that is actually try-
ing to put legislation on the desk of the President of the United
States.

All too often, we find the legislative process being used to score
political points and come up with messaging bills. I think the time
is now actually to act, and I commend the Committee for the spirit
of this legislative approach.

I will try to summarize my testimony by focusing on a few of the
highlights of the bill, and then also really explain why we believe
the combined focus on an official regulatory approval process, emis-
sions mitigation, and resilience, represent the essential ingredients
of a serious bipartisan response to climate change.
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There are three aspects of the legislation I would like to call out.
The first is the effort to unleash $300 billion of critical economic
activity at a moment when we have millions of Americans looking
for work, and State and local budgets in disarray.

I also want to acknowledge the efforts to promote the significant
investment in clean technologies, and emissions reductions, and in
resilience against climate driven risk. And finally, embrace the
common sense permitting reforms that focus on coordination and
efficiency while sustaining the core values and protections of the
environmental review process.

As a democracy that respects private ownership and local govern-
ance, I am proud that American citizens play a role in decisions
that affect their families and communities. I think we have to re-
sist the infrastructure envy and anecdotes about how quickly totali-
tarian regimes can build airports.

We also have to avoid an exaggerated focus on horror stories, as
I think Senator Carper indicated. The vast majority of projects do
move forward quickly.

But the truth is that our record on infrastructure is mixed. While
most projects do move forward, we could do much better to create
predictability, transparency, and accountability.

I also think we have to contend with the likelihood that the long
timeframes in our permitting process result in political risks to in-
vestments that are causally related to the private sector’s vast
under-investments in critical infrastructure. So I commend the
Committee for efforts to create a more efficient, transparent, time-
ly, and predictable process.

I think the improvements that you are suggesting in permitting
fall into three basic categories. You are creating a presumption of
timeliness to encourage agencies to complete their environmental
reviews within an average of 2 years, a presumption of coordina-
tion by codifying the bipartisan components of the One Federal De-
cision, and requiring Federal agencies to work together in applying
categorical exclusions, and a presumption of accountability by re-
quiring a new performance system for tracking major projects.

I would like to now turn to the broader implications for the en-
ergy and climate debate. The hearing is titled Better, Faster,
Cheaper, Smarter, and Stronger. Mr. Chairman, I think you have
buried the lede by leaving out cleaner.

The future of our environment and our economy demands a new
coalition committed to building fast and building clean. While con-
servation and energy efficiency are essential components of an ef-
fective strategy, the solution to climate change and to global com-
petition depend on vast and urgent efforts to develop, finance, per-
mit, site, and construct new technologies on a scale beyond what
we have ever contemplated.

The Bipartisan Policy Center is increasingly concerned that the
United States will in fact succeed in inventing new, low cost, com-
petitive technologies for decarbonization but fail to deploy these
systems in time to avoid and manage the worst effects of climate
change.

I think members of this Committee appreciate far better than
most what it will take to achieve net zero emissions across our
economy. We need vast increases in solar and wind power, sup-
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ported by new transmission and massive battery storage facilities,
thousands of miles of new pipelines to move CO;, from power gen-
eration to manufacturing, to permanent underground sequestration
reservoirs. We need electric vehicle and hydrogen refueling infra-
structure, new fleets of advanced nuclear reactors, deep bore geo-
thermal, advanced hydropower, new facilities to capture carbon
from the air.

With continued leadership from many of you on this Committee
on efforts like the USE IT Act, and the Nuclear Energy Leadership
Act, and the efforts of your colleagues in the Energy Committee on
the Energy Innovation Act, I am actually optimistic that the
United States will invent low carbon cost effective solutions. It
would be beyond tragic to excel at technology but fail at bureauc-
racy.

The focus on transportation, the provisions in this Act spur for-
ward looking infrastructure investments that can improve the
siting process much more broadly than just the transportation sec-
tor. I would like to just note three enhancements that I think are
consistent with the spirit of this legislation that I encourage you
to consider.

The first is to reauthorize FAST-41. This is legislation that has
had bipartisan support, and it codifies the same basic ideas in this
package but applies them to a broader suite of technologies.

Second, I would urge you to focus on life cycle cost analysis. This
must become the norm. Our history of building cheap and passing
along the buck was never a good idea. Based on the extreme
weather, it is revealing a tragic consequence. We are never going
to get ahead of resilience if we don’t start to think about full cost
accounting.

Finally, I think our biggest challenge is our Federal Republic. I
believe the national imperative to de-carbonize our economy while
increasing global competitiveness will require much greater Fed-
eral authority to advance critical projects despite local opposition.
And I believe that we have to revisit ideas like the Critical Cor-
ridors Section of the Energy Policy Act of 2005, which a number
of you were a party to.

However, 1 also believe that certain place based assessments
must be strengthened in order to advance an enduring and equi-
table climate solution. There is clear evidence that communities of
color have borne a disproportionate burden of environmental harm
from past energy and infrastructure siting. This history must not
be brushed aside, nor repeated.

Many of these new, clean facilities will create jobs, grow the tax
base, and improve the quality of life in surrounding communities.
But in some cases, national and global benefits may come at a cost
to local communities. These costs must be shared equitably.

In closing, Mr. Chairman, for too long we have allowed our eco-
nomic future to be held captive to magical thinking across the po-
litical spectrum. In this caricature of extreme perspectives, some
have ignored or otherwise sought to delegitimize the imperative of
climate action. Others have embraced the un-serious view that a
solution can be achieved quickly by transitioning to a sole reliance
on renewed resources without considering the economic, land use,
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and reliability concerns, or resolving the citing challenges that
have plagued conventional energy projects.

Yet, these extremes have produced only paralysis and acrimony,
as both sides focus on the irresponsible positions of the other, rath-
er than facing their own limitations or seeking common ground.
Against this backdrop, passing this legislation would be the highest
common denominator affirmation that we have the political will
and the capacity to rebuild our economy while meeting the climate
challenge.

I thank you and your staff for your hard work and am eager to
participate in the conversation.

Thank you.

[The prepared statement of Mr. Grumet follows:]
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Chairman Barrasso, Ranking Member Carper, and members of the committee, thank you for the hard
work and the collaborative process you have led to develop S. 2302, the America’s Transportation
Infrastructure Act {ATIA). On behalf of the Bipartisan Policy Center, I appreciate the opportunity to
express our strong support for this legislation, highlight aspects of the bill that we believe are
particularly significant, and suggest a few areas where we would urge the committee to explore
additional enhancements. At a time when the need for economic recovery and public investment is
more urgent than ever, an approach that focuses on improving the resilience of critical surface
transportation systems, accelerating the planning and construction of needed projects through
thoughtful permitting reforms, and facilitating the transition to low-carbon transportation and energy
technologies to meet the enormous challenge of climate change offers a rare opening to move the
country forward on a bipartisan basis-—-now and for the future.

| wish to make three key points:

e The United States is a world leader in developing the new, low-carbon technologies and
innovative infrastructure solutions that will be needed to effectively mitigate and manage the
waorst effects of climate change. But without smart infrastructure investments now, we may not
be able to deploy these technologies in time to reap the multiple benefits they offer—both for
reducing our nation’s own carbon footprint and for positioning American companies to supply
the growing global market for climate-friendly energy and transportation alternatives. A
bipartisan vision for “Better, Faster, Cheaper, Smarter, Stronger” and Cleaner infrastructure can
unite traditional infrastructure advocates and climate advocates behind a shared mission to
accelerate large investments in our nation’s near- and long-term prosperity, competitiveness,
energy security, and quality of life.

s ATiA—by coupling meaningful investments in infrastructure resilience and climate mitigation
with commonsense permitting process improvements—presents Congress with the opportunity
to score a major legislative achievement. | applaud this committee~especially Chairman
Barrasso, Ranking Member Carper, and your staffs—for coming together to debate and
negotiate a package of significant policy agreements that together address the profound,
immediate need to restore economic growth, modernize our nation’s outmoded and decaying
surface transportation infrastructure, and lay the foundation for an effective response to
climate change.

¢ Finally, without detracting from the hard-fought progress you have made in this legislation, |
wish to identify some additional steps we hope Congress will consider as discussions around
infrastructure, economic recovery, and climate change continue. A few targeted enhancements
would further strengthen the ATIA as a durable model for pairing the decarbonization of a large
and complex modern economy with continued job growth and competitive success.
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1. Introduction

The Bipartisan Policy Center (BPC) is a Washington, D.C.-based think tank that actively fosters bipartisan
solutions to critical public policy challenges by engaging with good ideas from across the political
spectrum. BPC’s Energy and Infrastructure Projects work to advance evidence-based, economically
viable policies that will accelerate America’s transition to a competitive, net-zero-carbon economy.

BPC has an established track record of building bipartisan support for smart policies to address climate
change and support clean energy technology innovation. BPC has also led several initiatives to develop
and advocate for consensus-driven, cost-effective, and bipartisan infrastructure policies. We have
offered reforms to make federal surface transportation programs more performance-driven, more
directly linked to clear national goals, and more accountable for results.' For example, BPC has proposed
a new model for infrastructure investment that leverages private-sector capital and expertise,
developed recommendations to address aging water and wastewater infrastructure, and offered a
pragmatic roadmap for fixing the federal Highway Trust Fund.” We appreciate the opportunity to share
ideas at this hearing and welcome any opportunity to work with this committee as it explores and
reconciles differing approaches to funding, financing, and delivering critical infrastructure projects.

The first part of my testimony focuses on three elements of S.2302 that we view as particularly
significant and worthy of bipartisan support: (1) public investment on a scale that will meaningfully
support economic recovery from the current coronavirus crisis; {2} provisions that directly address the
need for emissions mitigation and greater climate resiliency in the nation’s surface transportation
systems; and (3) permitting reforms that will accelerate the pace of infrastructure investment and the
realization of associated benefits. The second half of my testimony explores the link between permitting
reforms and the broader challenge of economy-wide decarbonization. The last section discusses
opportunities for enhancing ATIA that we would urge the committee and Congress as a whole to
consider.

2. Key Elements of the America’s Transportation Investment Act

Infrastructure investment for Near-Term Economic Recovery and Long-Term PI'OSQEI‘I'CZ

The Senate Environment and Public Works Committee unanimously passed the America’s
Transportation Infrastructure Act (ATIA) in July 2019. By authorizing $287 billion from the Highway Trust
Fund from FY 2021 to FY 2025, including $249 billion for highway formula programs, the bill makes a
significant down payment on urgent infrastructure repair and improvement needs at a time when many
states and localities are struggling and further federal support is widely viewed as essential to the
nation’s economic recovery from the coronavirus crisis. We are aware that the legislation still requires
accompanying titles from the Senate’s Commerce, Banking, and Finance Committees to address transit,
rail and safety, and revenue issues, respectively, before it can advance. Therefore, we urge your
colleagues on those committees to act quickly so as to enable consideration of a comprehensive
package by the full Senate as soon as possible.

The poor condition of our nation’s surface transportation infrastructure is a concern that pre-dates the
current crisis and that has provided a rare basis for bipartisan alignment for some years now. In 2017,
the nation as a whole received a D+ grade for the state of its infrastructure from the American Society of
Civil Engineers. Proportional to GDP, the United States has lagged other developed countries in its rate
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of infrastructure investment since at least the 1980s, and the accumulating toll of decades of neglect
and disrepair—in public safety, economic efficiency, global competitiveness, and quality of life has
continued to grow.

In our view, there could be no better time to meaningfully address these deficiencies than at a moment
when the economy is struggling from the fallout of COVID-19, millions of Americans—including
particularly many low-wage workers—are out of work, and delayed income tax payments, decreased
sales tax receipts, and massive, unanticipated health and public safety expenses have wrecked state and
local government finances. Private and public entities alike have faced and continue to face wrenching
budget choices despite the emergency assistance provided by the CARES Act, including mass layoffs of
employees and delayed or canceled capital expenditures and infrastructure projects.™ fural, tribal, and
other disadvantaged communities, which already faced challenges financing infrastructure
improvements, will find it increasingly difficult to service existing debt obligations and finance new
projects. Meanwhile, experience from previous crises has repeatedly demonstrated the potential
benefits of smart public investment-both in near-term job creation and long-term economic returns. In
this context, the well-targeted and certain transportation funding provided by ATIA would be
exceedingly valuable as states and localities confront continued challenges in the months ahead.

Investments in Climate Resilience and Mitigation

A global pandemic and climate change represent very different kinds of threat. But in scale, complexity,
and potential for far-reaching harm and economic damage, climate change rivals and even exceeds the
current crisis for the simple reason that its consequences and cures will unfold on decade- and even
century-long timescales. We therefore applaud the committee for its bipartisan acknowledgement that
climate mitigation and resilience must be considered as central elements in planning for critical, long-
lived infrastructure investments going forward. Among ATIA’s most important provisions are those that
support innovative low-carbon transportation technologies and make our surface transportation
systems more resilient to climate-change-related risks. These risks and their possible impacts on
transportation in particular, as summarized by the U.S. Global Change Research Program, are
highlighted in the graphic below.

Source: U.S. Global Change Research Program

In recent years, as_millions of Americans have seen their lives upended by increasingly catastrophic
weather events and natural disasters, climate risks have moved from the realm of the theoretical or
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abstract into the very real and tangible present. In fact, 2019 marked the fifth consecutive year in which
ten or more billion-dollar weather and climate disasters impacted the United States, including
devastating hurricanes, wildfires, and floods.

The overwhelming scientific consensus is that climate patterns will continue to shift and extreme
weather events will continue to grow more frequent and severe as warming continues over the decades
ahead. In light of these projections, America urgently needs to make investments to protect its $4.1
trillion in transportation infrastructure assets and to make those assets more resilient to climate
conditions that could otherwise reduce their reliability and capacity. As just one example, 13 of the
nation’s 47 largest airports have at least one runway situated within reach of a moderate-to-high storm
surge.” Rising sea levels and extreme weather put these runways, and other critical infrastructure, at
risk. The focus on resilience is essential as the climate is already changing in ways that severely threaten
our built environment.

At the same time, the transportation sector itself must do its part to mitigate climate risks and slow the
rate of warming by becoming more efficient and by transitioning to low-carbon technologies.
Transportation, in fact, is the largest contributor to greenhouse gas emissions in the United States,
accounting for 29% of national emissions. While many strategies and technologies must be pursued to
effectively decarbonize this highly specialized and complex sector of the economy, multiple expert
studies have found that vehicle electrification will need to play a central role as other technology
platforms, such as hydrogen, mature. Because of the slow turnover of the personal vehicle fleet,
investment in charging stations and other infrastructure to support vehicle electrification will be critical
to accelerate consumer adoption of this technology. BPC appreciates the committee’s support for
vehicle electrification and other low-carbon alternative fuels in ATIA and we look forward to working
with you to build on these provisions.

Overall, ATIA authorizes nearly $10 billion over five years for highway-related climate change mitigation
and adaptation programs, with more funding available if state and local governments choose to use a
portion of other federal highway grants for related activities. These provisions are summarized in the
table below.

Major Climate Change-Related Provisions in the ATIA

Goal: Advance cleaner technologies and innovations

Provides an average $200 million annually to develop charging stations for alternative fuel
vehicles with an 80% federal share (Section 1401).

Supports carbon utilization and air capture research and collaboration (Section 1406}.
Establishes a federal interagency working group to develop a strategy to transition federal
vehicle fleets to alternative fuel vehicles (Section 1510).

Goal: Mitigate emissions on roads and at ports

Provides $40 million on average annually for competitive grants to advance innovative,
integrated, and multimodal solutions to congestion relief {Section 1404).

Provides an average $74 million annually for a competitive grant program to reduce
emissions at port facilities by reducing truck idling {Section 1402).

Provides about $600 million annually in supplemental formula funds and $100 million
annually for competitive grants to states to invest in transportation improvements designed
to reduce on-road mobile sources of CO2 emissions {Section 1403).
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Makes lock and dam modernization or marine highway projects eligible for the National
Highway Freight Program if they reduce on-road source emissions (Section 1114).

Goal: Open existing funding streams to natural infrastructure and resilience improvements
Provides a maximum federal share of up to 100% for a project to add protective features to
improve resiliency on federal-aid highway or bridge projects (Section 1107).

Allows Surface Transportation Block Grant Program funding to be used for some natural
infrastructure and other resilience-enhancing projects {Section 1109).

Allows a state to use up to 15% of its annual National Highway Performance Program funding
to add “protective features” designed to mitigate climate-related risks, including risks from
sea level rise, extreme weather events, flooding, and natural disasters (Section 1105).

Goal: Create new resilience planning and development incentives

Establishes the PROTECT Grant program to provide $986 million on average annually—$786
million distributed to states by formula and $200 million distributed competitively—to
support adaptation and resilience projects and encourage the development of resilience
improvement plans (Section 1407).

Goal: Prioritize resilience in emergency relief

Armends the Emergency Relief program definition of a natural disaster to include wildfires
and sea level rise {Section 1106).

Requires DOT to incorporate resilience into Emergency Relief projects (Section 1523).

Permitting Reforms to Accelerate Project Delivery

Our nation’s track record of delivering infrastructure projects is mixed. As a democracy that respects
private ownership and local government, we should be proud that American citizens have a voice in
decisions that affect their families and communities. | have always feit that “infrastructure envy” based
on totalitarian regimes’ ability to quickly build major facilities was misplaced if that ability was premised
on a lack of concern about democracy. In this country, by contrast, regulatory processes work
reasonably well to balance the desires for speed and effective public engagement. Examples certainly
exist of major projects that failed due to local opposition despite the significant regional benefits they
offered, but by and large most highway projects move forward once they have financing. That said, the
complexity of current U.S. permitting processes leaves substantial opportunities for improvement that
would increase predictability, shorten the time to project delivery, and reduce costs while still providing
for robust consideration of public and environmental concerns.

The federal government’s online permitting dashboard lists over 60 possible permits and other
approvals that infrastructure projects may require from 12 different federal departments—separate and
apart from environmental reviews under the National Environmental Policy Act (NEPA). State and local
agencies typically require additional project approvals, covering everything from state environmental
issues to local building codes to utilities and construction.

There is no single source of information on the time or costs involved in reviewing and permitting
infrastructure projects. Most federal agencies track only the number of environmental impact
statements (EISs), which represent the most comprehensive and rigorous level of review. An EIS is
required for less than 1% of infrastructure projects and federal actions--specifically, those expected to
have the most significant environmental impact.” According to a Council on Environmental Quality (CEQ)
review of EIS timelines, the median time to completion—from “notice of intent” to “record of decision”
—was 3.6 years. The average of time to completion was 4.5 years, skewed by a handful of projects that
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exceeded 10 years." The CEQ found that median EIS completion times for the U.S. Department of
Transportation’s {DOT’s} modal agencies were even longer: 6.6 years for the Federal Aviation
Administration, 6.85 years for the Federal Highway Administration, and 4.18 years for the Federal
Transit Administration. Between 2010 and 2019, federal agencies issued about 184 draft EISs and 180
final EISs annually.

Draft and Final Enwironments! impact Statements
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Despite extensive anecdotal evidence, there is little substantive data to pinpoint where in current
permitting processes projects tend to languish, nor to identify who is most responsible for delays. The
reality is that the outcome and speed of the process largely depends on the type of project, how itis
prioritized, public expectations, and the commitment of all public officials involved. Recent success in
permitting major projects, such as the Tappan Zee Bridge in New York and the rebuilding of the
collapsed 1-35W bridge in Minneapolis, demonstrate what can be accomplished if public officials are
aligned in sharing a common purpose and are held accountable by public interest. Lack of
funding/priority, local controversy, and project complexity can also delay the EIS process, NEPA reviews,
and permitting broadly.

Despite these data gaps, there is evidence that unnecessary delays in the permitting process occur and
are costly to both the public and private sectors. Direct costs can go up if the costs of materials, supplies,
and labor rise during a delay. There is also a public cost to delaying needed infrastructure
improvements, as older facilities may produce more emissions or break down more often. Permitting
delays may also increase political risk, because the longer a project stays in the review phase, the higher
the likelihood of unforeseen changes in public policy, priority, or support. In BPC's work examining the
potential to increase private sector infrastructure investment, we concluded that the most obvious
challenge was the lack of good, investment-grade projects. However, we concluded that this weak
project pipeline was connected to the uncertainty that results from long permitting processes™
particularly when those processes extend beyond the tenure of the political leadership and
circumstances in place when the project is conceived. “Political risk,” which is a polite way of describing
the fear of stranded investment due to changes in political leadership, was consistently cited as a barrier
to investment. While one can fairly defend the current system for eventually getting most needed
transportation projects built, we must contend with the likelihood that the long timeframes in our
permitting processes are casually related to our nation’s vast underinvestment in critical infrastructure.
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Historically, there has been strong bipartisan support for incremental and common-sense improvements
to the environmental review and permitting process. For example, such measures were included in
transportation reauthorization bills passed in 1998, 2005, 2012, and 2015."" Moreover, Republican and
Democrat administrations have authored generally consistent guidance documents, issued executive
orders, and launched other initiatives designed to improve the NEPA process.

[ commend the committee for working in a bipartisan way to build on these past efforts and further
improve the process for approving federal projects. To accelerate project delivery and project approvals,
and to create a more efficient, transparent, timely, and predictable process that attracts greater private
investment, ATIA would:

e Codify the bipartisan components of “One Federal Decision,” consolidating permitting decisions
for major infrastructure projects into a single environmental document with a review schedule
set by the federal lead agency.

* Encourage federal agencies to complete their environmental review process within an average
of two years.

¢ Require all authorization decisions for a major project to be completed within 90 days of a
record of decision.

* Require a new performance accountability system for tracking major projects that includes
setting schedules for the environmental review process, determining whether established
schedules are being met, and documenting the amount of time taken to complete the
environmental review process.

¢ Require DOT to work with other federal agencies involved in transportation projects to identify
categorical exclusions, which, if applied by the other federal agencies, would accelerate project
delivery.

e Allow metropolitan planning organizations and state DOTs to use social media and other web-
based tools to encourage public participation and solicit public feedback as part of
transportation planning processes.

Efforts to accelerate permit review processes are often challenged out of concern that increased speed
will erode key environmental protections. However, BPC believes that the reforms in AITA are consistent
with the criteria that define effective environmental review and public engagement:

o New procedures judiciously align with existing permitting initiatives, guidance, and regulations.

s Critical environmental protections and opportunities for meaningful and early public
engagement are not undermined.

e Full transparency in tracking adherence to permitting timetables, and costs of environmental
reviews and delays, are used to hold federal agencies and project sponsors accountable.

e Agency staff have the training, support, and resources needed to successfully develop
appropriate internal policies and compliance procedures.

More broadly, concerns about accelerating new infrastructure development must be balanced against
the cost to the environment of keeping degraded, outdated facilities in public use and delaying the
introduction of new, cleaner, and more resilient infrastructure. When one peels back all the competing
arguments, we are left with the fundamental question of whether new infrastructure investment is
locking the nation in to an unsustainable high-carbon economy or directing our nation’s economic might
and technological prowess toward a low-carbon future. BPC believes that the key to realizing our
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common economic and ecological aspirations requires aligning incentives for infrastructure
modernization in ways that further other core policy goals. The magnitude of the climate challenge, in
particular, demands such alignment. How the infrastructure investments and permitting reforms in ATIA
can help advance a larger clean energy agenda is the subject of the next section of my testimony.

3. Infrastructure Investment and Permitting Reform as Part of a Larger Clean Energy and
Climate Agenda

The United States is in the beginning stages of a dramatic energy transition. The scale and pace of the
transformation required to avoid potentially dangerous levels of warming is difficult to overstate and
fundamentally different from the rate of change observed in recent periods of technological progress,
even compared to the rapid gains seen in wind and solar energy deployment. A permitting framework
designed to support accelerated progress to low- and net-zero carbon systems must look very different
from today’s pattern of slow and cumbersome approvals for major projects. Larger commitments of
public and private resources will also be needed. The engineering firm Wood Mackenzie has estimated
that fully decarbonizing the U.S. power grid, for example, could cost $4.5 trillion.* Similarly, a major
national utility recently concluded that achieving its own target of net-zero carbon emissions by 2050
would require an “unprecedented and sustained pace of capacity additions.”™ Specifically, new
generation capacity would have to be added over the next three decades at a pace more than double
the rate this utility had added generation over the past three decades. ™

Members of this committee appreciate far better than most what it will take to achieve net zero
emissions across the U.S. economy in the next thirty years. Success will depend on our ability to
implement a national strategy with multiple complementary elements, which can be summarized as
follows:

First, we must maximize the potential of ali existing zero-carbon technologies. The current pandemic
and economic crisis are threatening key aspects of the renewable energy supply chain. Congress must
help confront these challenges as we can ill afford to lose ground in the deployment of renewable
resources. Similar attention must be devoted to sustaining a role for nuclear power. Nuclear energy
currently accounts for more than half (55%) of the carbon-free electricity generated in the United States
and is an essential piece of any pragmatic plan to decarbonize our energy system quickly "’ While
thankfully this is not a hearing about wholesale electricity market design, many existing nuclear plants
are economically challenged partly due to the failure of the market to value their zero carbon attributes.
This disadvantage has been further exacerbated by recent decisions of the Federal Energy Regulatory
Commission (FERC). Simply put, the challenge ahead of us is immense. We must preserve and double
down on all mature, commercially available forms of non-carbon power.

Second, we must increase the pace of energy innovation in America. The United States does not yet
possess the technological capacity to decarbonize our energy systems consistent with the demands of a
modern economy. And the challenge of decarbonization on a global scale is even more daunting when
one factors in growing energy demand in developing economies. BPC's American Energy Innovation
Council (AEIC), which includes CEOs from a variety of industries, has developed specific
recommendations for scaling technology innovation to address climate change while also supporting
economic growth. A key conclusion from this effort is that expanded federal investments in research,
development, demonstration, and deployment are needed ~ and must be scaled appropriately. For over
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a decade, the AEIC has consistently called for a tripling of federal energy innovation budgets. We have
been encouraged by bipartisan legislation introduced in the Senate, including Chairman Barrasso and
Senator Whitehouse’s USE IT Act {“Utilizing Significant Emissions with Innovative Technologies Act”},
Chairwoman Murkowski’s and Senator Manchin’s American Energy Innovation Act, and the bipartisan
Nuclear Energy Leadership Act. All of these pieces of legislation would take significant steps toward
laying the groundwork needed to make real progress on climate.

Third, we must rediscover the capacity to deploy “first of a kind,” breakthrough technologies here in the
United States. In the past, the AEIC has proposed a new federal approach to support the demonstration
and commercialization of advanced energy technologies. For the United States to meet ambitious mid-
century decarbonization commitments, some combination of innovative technologies such as advanced
nuclear, zero-carbon fuels, long-duration electricity storage, and carbon capture and storage must
achieve widespread commercial deployment. This requires first demonstrating new technologies at
scale to prove their technical and economic viability, which can be a challenge for capital-intensive and
complex energy technologies, especially if they operate in highly regulated commodity markets that do
not appropriately value their beneficial attributes. Given the hurdles to private investment in large-scale
energy technology demonstration projects, there is a role for the federal government to help promising
innovations navigate the proverbial “valley of death” between invention and commercial deployment.
Significant thinking has gone into how the government might provide this support most effectively, in
many cases drawing from AEIC case studies that outline lessons learned from past efforts, including the
successful demonstration of utility-scale solar in the United States and mixed results from the
Department of Energy’s carbon capture and storage (CCS} demonstration programs.™ The AEIC has
recommended new ways to manage future projects more effectively via new authorities, as described in
a recent review of the Clean Energy Deployment Administration proposal.

Finally, we must speed the deployment of new non-carbon energy production, transmission, and
transportation technologies. This last imperative is the one most closely linked to the infrastructure
legislation the committee is considering today. Most policy proposals aimed at accelerating the
deployment of climate-friendly energy technologies have focused on economic factors—in other words,
on making these new technologies more cost competitive. This remains an important focus because,
although a variety of state and federal provisions are already in place to incentivize low-carbon energy
production and use, additional efforts to value carbon emissions performance will be required to
efficiently deploy promising technologies at scale.

However, there is an equally critical and challenging conversation that does not generate nearly the
same attention as the debate over incentives, taxes, and mandates. An honest assessment of our
nation’s complex permitting and siting regulatory structure quickly reveals that we are not positioned to
fully capitalize on American leadership in the invention and development of breakthrough clean energy
technologies. Even with well designed-market based incentives, the United States will continue to fall
short in actually deploying these technologies if our regulatory processes prevent us from siting and
building new systems in time to make a difference. Though focused on the transportation sector,
provisions in the ATIA to spur forward-looking infrastructure investments and improve the siting process
can provide a model for similar modernization efforts across the broader economy.

The need for new modeis is well illustrated by the experience of the renewable energy industry, which
has made great strides over the last decade and is quickly becoming an indispensable part of America’s
carbon-free energy portfolio. Since the advent of the modern wind industry in the 1990s and the launch
of the utility-scale solar business two decades ago, the U.S. power sector has been revolutionized by
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low-cost renewable energy. The DOE’s Energy Information Administration notes that wind power
capacity grew by 24% annually between 2000 and 2018. Likewise, in the last decade alone solar energy
development grew at an astounding average annual rate of 49%." And yet, despite this rapid growth
and unprecedented levels of new investment, the contribution of wind and solar still stands at less than
10% of total current U.S. electricity generation. ™™ This suggests that even higher growth rates would
have to be sustained year over year to achieve a target of net-zero greenhouse gas emissions by mid-
century.

Clues to the role of siting and permitting frameworks in enabling this kind of growth can be found by
looking, for example, at offshore wind. As other parts of the world, most notably Europe, have
developed a successful offshore wind industry, progress toward developing this renewable resource in
the United States has been slow-for reasons that have more to do with regulatory constraints than
technology barriers. Our nation_has a tremendous offshore wind energy resource—representing more
than 2,000 gigawatts of power potential, nearly double the size of our nation’s current electricity
system. Moreover, offshore wind could deliver large amounts of clean electricity to the country’s largest
population centers along the eastern seaboard, where new capacity is needed most. In the Northeast
and Mid-Atlantic states, ambitious state procurement activity together with technology
improvements,™ have prompted efforts to develop some 25,000 megawatts of offshore wind capacity—
in a region that currently has very little wind generation and that lacks the transmission infrastructure to
connect offshore wind resources to the existing grid. ™ Unfortunately it has become apparent from
these efforts that the current regulatory system and permitting process is slow and struggling to
reconcile the perspectives and needs of stakeholders as diverse as the commercial fisheries industry,
coastal communities, and the U.S. military. in addition, the lack of an active U.S.-based offshore wind
industry means that an entire supply chain and resource development business must be built from
scratch, Manufacturing facilities, modernized and expanded ports, and transmission systems must all be
sited, permitted, and financed with the corresponding regulatory frameworks necessary to enable to
these significant investments.

Similar hurdles apply to other low-carbon technologies that will be needed for effective carbon
mitigation. The International Energy Agency has estimated that meeting global climate goals will require
an enormous expansion of renewable energy (up to 74% of electricity supply) along with increased
nuclear production {up to 15%), and CCS (roughly 7%).* At the same time, significant deployment of
new carbon capture utilization and storage (CCUS) technologies will be needed to address emissions
from remaining conventional energy sources, which can be expected to continue to play a role for some
decades to come, especially in industrial applications. A recent National Petroleum Council {NPC) study
found that “the United States is uniquely positioned as the world leader in CCUS and has substantial
capability to drive widespread deployment.” The United States currently deploys approximately 80%
of the world’s carbon dioxide {CO,) capture capacity (largely from anthropogenic sources).*™ However,
this 25 million tonnes per annum (Mtpa) of CCUS capacity represents less than 1% of U.S. CO, emissions
from stationary sources. The NPC study concludes that achieving CCUS deployment at scale means
increasing CO; capture by an additional 350 to 400 Mtpa within the next 25 years.*" To enable this
more-than-ten-fold increase in CCUS deployment, the United States will also need to dramatically
expand its CO; pipeline network. By way of putting this challenge in perspective, it is worth noting that
the nation’s existing network of roughly 5,000 miles of operating pipeline was built over a period of 50
years.”™ The NPC estimates suggest that future investments in pipelines and supporting infrastructure
for purposes of CCUS deployment would have to expand by an order of magnitude in far less time.
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Put simply, | believe the national imperative to decarbonize our economy will require greater federal
authority to advance critical projects despite local opposition. In making sometimes necessary tradeoffs,
however, | also believe that certain place-based assessments must be strengthened in order to advance
an effective, enduring, and equitable climate solution. There is clear evidence that communities of color
have borne a disproportionate burden of environmental harm from past energy and infrastructure siting
decisions, especially when compared against economically disenfranchised white communities. This
history must not by brushed aside nor repeated as we seek to deploy the clean, green, resilient systems
that will be necessary to protect our future. Many of the new energy facilities we’ll need can be
expected to create jobs, grow the tax base, and improve the quality of life in surrounding communities.
in other cases, however, national and global benefits may come at a cost to local communities. These
costs must be shared equitably.

4. Additional Considerations for S. 2302

The committee’s vote to advance S. 2302 is welcome evidence of the bipartisan support that exists for
meaningful and practical steps to address both climate change and regulatory reform. As the bill moves
forward, we urge committee members and the full Congress to consider additional measures that would
further strengthen S. 2302 along both these dimensions and that, in our view, likewise have the
potential to attract broad bipartisan support. Our suggestions are summarized below.

Consider key provisions from the House bill {INVEST in America Act): Several provisions in the House bill
would complement the objectives of S. 2302 and are worthy of consideration in conference. For
example, the House bill codifies DOT’s “Every Day Counts” initiative to provide technical assistance and
education on speeding up project delivery. We also support provisions of the INVEST in America Act that
would authorize significant climate-related investments and provide $83.1 billion to ensure that states,
cities, tribes, territories, and transit agencies can continue to administer their programs, advance
projects, and preserve jobs in the aftermath of the COVID-19 pandemic. Importantly, this “year one”
funding would be made available at a 100% federal share. Finally, the House bill calls for the creation of
a new Office of Transit-Supportive Communities within the Federal Transit Administration to coordinate
transit and housing projects within DOT and across the federal government. Given the affordable
housing crisis we face, spurring increased housing development around transit hubs, particularly
developments than can capture the land value of transit-oriented development, is fong overdue.

Reauthorize FAST-41: A key provision of the current highway authorization—FAST-41—will expire in
2022. FAST-41 is designed to improve the federal environmental review and permitting process for
certain “covered” infrastructure projects through the creation of an interagency council empowered
with tools and resources to improve the timeliness, predictability, and transparency of federal project
approvals. The law also required the use of the online Permitting Dashboard, a website that tracks
project permits and reviews, to help hold agencies publicly accountable.

FAST-41 applies to a variety of infrastructure projects, including renewable or conventional energy
production, electricity transmission, pipelines, and broadband. Importantly, it is also the best
mechanism in current law to help speed up infrastructure investments, including decarbonization
projects. This success will help set the stage for new green infrastructure/clean energy projects and, if
expanded, could apply to others. Therefore, it will be important to reauthorize FAST-41 and explore
opportunities to enhance its effectiveness, expand its scope, and maximize its benefits.
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Launch a pilot program to test innovative practices for environmental reviews: Former Rep. Bill Shuster
{R-PA), who served as chairman of the House Transportation and Infrastructure Committee and
authored BPC's report on extending the gas tax, released draft legislation in July 2018 authorizing a new
pilot program that would permit waivers from certain federal rules and regulations for a select number
of projects that adopt innovative practices. Examples of such practices include using innovative
technologies that enable more effective public participation in decision-making and focusing on
environmental and transportation outcomes rather than processes. Such a pilot could test and advance
practices that both expedite project delivery and improve results.

Expand NEPA assignment programs: Congress and the administration should work together to
encourage increased delegation that harmonizes state and federal permitting processes. The resource
demands on federal permitting review are going to increase considerably as we modernize our nation’s
infrastructure with massive new energy production technologies and distribution networks and states
will have a major role to play in effectively advancing more localized projects and infrastructure
maintenance programs.

The “assignment” of certain NEPA authorities to states has proven successful in permitting highway
projects. In fact, the Federal Highway Administration has agreements currently in place for Alaska,
Arizona, California, Florida, Ohio, Texas, and Utah to assume NEPA responsibilities. According to the
California Department of Transportation, NEPA assignment resulted in significant time savings, reducing
the time for document processing (from notice of intent to final EIS approval) by a staggering 124
months. Similarly, the Texas Department of Transportation estimated an average time savings of 25%.
With NEPA assignment and its attendant benefits increasingly well documented, DOT should consider
how to encourage further uptake and offer lessons learned to other federal agencies. DOT also
previously sought comments on a pilot program, authorized by the FAST Act’s §1309, that would take a
step further and allow states to substitute their environmental laws for NEPA when equally stringent.
However, this rulemaking has not yet been finalized.

Improve asset management: Infrastructure providers often accumulate various assets such as land,
rights of way, and buildings over the course of decades of building and operating infrastructure. Yet too
often, governments do not have a full and in-depth accounting of all these assets. Before billions of
public dollars are spent rebuilding infrastructure, a clearer understanding of baseline conditions and
infrastructure needs, as well as climate-related vuinerabilities, is needed.

Preparing such an inventory is not without cost, but that expenditure would be dwarfed by the benefits
that can be achieved in improved efficiency, transparency, new revenue generation, and disaster
avoidance. Further, a comprehensive inventory can help mitigate the parochial political risks associated
with project selection and prioritization, as it would provide an independent, technical basis for
reviewing the state of public assets.

While state DOTSs are still required to develop a risk-based transportation asset management plan and
are encouraged to address resilience as part of that process, more could be done. Congress should
incentivize state and local governments to complete comprehensive asset inventories as a condition for
receiving federal assistance. Recipients of federal funding would then need to compile a centralized
registry of all assets, including data on current condition, expected maintenance and operations costs
through the asset’s remaining useful life, the cost of replacement, and the potential impact of a failure.
While ATIA—particularly in Section 1206-attempts to relieve the burden of federal rules and
regulations on less dense and populated states, all recipients of federal funding should abide by asset
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management best practices. Such assurances are needed to extract the most value from the
expenditure of precious federal resources and to break the cycle of deferred maintenance that has
created today’s massive infrastructure liabilities. Congress should support these efforts through the
provision of supplemental technical assistance, planning grants, and other resources to help with
compliance.

Incentivize life-cycle cost analyses: In construction, forecasting upfront costs and long-term
maintenance costs for an infrastructure project is called “life-cycle cost analysis.” While it may seem
intuitively obvious that project developers would want to know how much it will cost to build and keep
a project in a state of good repair, existing incentives often encourage undue focus on low-cost
construction over longer-term operating costs and project durability. Effective life-cycle cost analysis
becomes all the more important as we face the need to adapt to extreme weather and recover from
deadly, damaging natural disasters.

In distributing federal funding, state and local applicants should demonstrate that they have fully
accounted for the long-term risks of planned projects and selected the project delivery model that
provides the best value over the life of the project. Because rural and disadvantaged communities often
lack the resources and capacity to perform such analyses, Congress should create a capacity-building
program for infrastructure development, either as a standalone office or within existing federal
agencies, and designate specific funding for rural technical assistance.

Revisit the “critical corridors” model: Section 368 of the Energy Policy Act of 2005 attempted to
designate corridors for critical infrastructure on federal land, including oil, gas, and hydrogen pipelines,
and electric transmission. The purpose of these provisions was to empower five federal agencies to
work collectively on any necessary environmental reviews and incorporate the designated corridors into
relevant agency land use and resource management plans. This statute has not been effective in
supporting the development of energy infrastructure as originally intended. The corridor routing and
spacing constraints, in particular, have remained problematic — especially in the east. As agreement
builds over the imperative to decarbonize our economy, it will be necessary to revisit these challenging
questions about how to balance the preference for local control with the need for coordinated regional
and national investments in clean energy.

5. Conclusion

Our nation is at a defining crossroads. On the current course, infrastructure debates will continue to
serve as a proxy battle over climate change. Absent a meaningful bipartisan commitment to prioritize
low-carbon investments, opposing sides will continue to pursue national policy goals indirectly by
battling over individual infrastructure projects. Neither the environment nor the economy is well served
by this outcome. Instead, S. 2303 provides an opportunity to unleash massive investments that will
rebuild and modernize our transportation infrastructure while helping to position the economy to
achieve ambitious climate mitigation goals. At this moment of economic distress, the benefits of a new
vision for forward-looking investment in America are hard to overstate.

Indeed, the most important and ultimately encouraging aspect of S. 2302 may be that it signals an
inflection point, in which the combination of the current economic crisis and the growing climate crisis
creates a new basis for bipartisan cooperation and action. Facing similarly daunting challenges at
previous points in our nation’s history, a willingness to think big and build big—from the construction of
the interstate highway system to the space race—laid the foundation for generations of continued
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prosperity and global economic leadership. We believe the current moment calls for a similar level of
national ambition and resolve. The constructive vision embodied in the ATIA represents an enormous
improvement over the decade of destructive partisanship that has prevented our nation from charting a
realistic path forward on climate change. For too long we have allowed our economic future to be held
captive to “magical thinking” —across the political spectrum. In this caricature of extreme perspectives
some have ignored or otherwise delegitimized the imperative for climate action. Others have embraced
the unserious view that a solution can be achieved quickly by transitioning to sole reliance on renewable
resources, without considering land-use and reliability concerns, or resolving the siting challenges that
have plagued conventional energy projects. These extremes have produced only paralysis and acrimony
as both sides focus on the irresponsibility of the other rather than seeking common ground.

In this context, I believe the progress that S. 2302 represents in terms of a new bipartisan approach to
transportation infrastructure has broader implications—for the economy as a whole and for all aspects
of energy infrastructure. Passing it would be a highest-common-denominator reflection of what is
before us—and a needed reaffirmation of what America can still accomplish if we come togetherin a
can-do spirit to face the giant challenges that lie ahead.
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Senate Committee on Environment and Public Works
Hearing entitled, “Better, Faster, Cheaper, Smarter, and Stronger: Infrastructure Development
Opportunities to Drive Economic Recovery and Resiliency.”
July 1, 2020
Questions for the Record for Jason Grumet

Senator Whitehouse:

As we consider our country’s infrastructure development plans, we cannot ignore the urgent needs of
our coastal communities, which continue to go unaddressed. Over the past decade, the Army Corps of
Engineers spent between 19 and 120 times more on inland work than on coastal work in its Flood and
Coastal Damage Reduction fund. The Land and Water Conservation Fund has similarly heavily favored
inland projects over coastal projects, a disparity that Congress recently missed an opportunity to
address. Coastal states are also seeing shores disappearing and properties threatened due to sea level
rise. Should we not be focusing on infrastructure to support our coasts as they take the beating of
climate change? What policies should we focus on pushing to address this coastal issue?

Jason Grumet Response:

Coastal storms and flooding pose significant risks to coastal communities and may cause substantial
property damage. According to the U.S. Global Change Research Program’s 2018 Fourth National
Climate Assessment, damage to coastal areas from extreme weather events combined with rising sea
levels threaten approximately $1 trillion in national wealth held in coastal real estate. As your question
suggests, this reality demands a federal focus on the resilience of coastal communities and their
infrastructure systems. Along with additional federal funding for resilience upgrades, which ATIA would
provide, two recommendations in our written testimony are critical to improving coastal resilience:

Improving asset management: Infrastructure providers often accumulate various assets such as land,
rights of way, and buildings over the course of decades of building and operating infrastructure. Yet too
often, governments do not have a full and in-depth accounting of all these assets. Before billions of
public dollars are spent rebuilding infrastructure, a clearer understanding of baseline conditions and
infrastructure needs, as well as climate-related vulnerabilities, is needed. Preparing such an inventory is
not without cost, but that expenditure would be dwarfed by the benefits that can be achieved in
improved efficiency, transparency, new revenue generation, and disaster avoidance. Further, a
comprehensive inventory can help mitigate the parochial political risks associated with project selection
and prioritization, as it would provide an independent, technical basis for reviewing the state of public
assets. While state DOTs are required to develop a risk-based transportation asset management plan
and are encouraged to address resilience as part of that process, more could be done. Congress should
incentivize state and local governments to complete comprehensive asset inventories as a condition for
receiving federal assistance. Recipients of federal funding would then need to compile a centralized
registry of all assets, including data on current condition, expected maintenance and operations costs
through the asset’s remaining useful life, the cost of replacement, and the potential impact of a failure.
While ATIA—particularly in Section 1206—attempts to relieve the burden of federal rules and
regulations on less dense and populated states, all recipients of federal funding should abide by asset
management best practices. Such assurances are needed to extract the most value from the
expenditure of precious federal resources and to break the cycle of deferred maintenance that has
created today’s massive infrastructure liabilities. Congress should support these efforts through the
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provision of supplemental technical assistance, planning grants, and other resources to help with
compliance.

Incentivizing life-cycle cost analyses: In construction, forecasting upfront costs and long-term
maintenance costs for an infrastructure project is called “life-cycle cost analysis.” While it may seem
intuitively obvious that project developers would want to know how much it will cost to build and keep
a project in a state of good repair, existing incentives often encourage undue focus on low-cost
construction over longer-term operating costs and project durability. Effective life-cycle cost analysis
becomes all the more important as we face the need to adapt to extreme weather, mitigate climate-
related risks like sea level rise, and recover from deadly, damaging natural disasters. In distributing
federal funding, state and local applicants should demonstrate that they have fully accounted for the
long-term risks of planned projects and selected the project delivery model that provides the best value
over the life of the project. Because rural and disadvantaged communities often lack the resources and
capacity to perform such analyses, Congress should create a capacity-building program for infrastructure
development, either as a standalone office or within existing federal agencies, and designate specific
funding for rural technical assistance.

Additionally, Congress should ensure sufficient funding for infrastructure resiliency and disaster
mitigation grants, outside of the resources included in ATIA. For example, Clean Water Act Section 319
grants provide states and tribes funds for source water management programs. The State Revolving
Loan Funds provide loans to local governments to upgrade stormwater systems. EPA’s Wetland Program
Development Grants fund research, training and other activities related to reduction of water poliution.
Wetlands play a key role in absorbing storm water runoff resulting from extreme weather events.
Finally, among the Army Corp of Engineers programs warranting funding are the Planning Assistance to
States program and the Flood Plain Management Service.

Page 2 of 2
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Senator BARRASSO. Thank you very much for your participation
and your testimony. We are very, very grateful. And your sugges-
tion to not bury the lede is a very good suggestion. Thank you.

Mr. Lanham.

STATEMENT OF ROBERT LANHAM, JR., PRESIDENT, ASSOCI-
ATED GENERAL CONTRACTORS OF AMERICA BOARD 2020,
AND PRESIDENT, WILLIAMS BROTHERS CONSTRUCTION

Mr. LANHAM. Chairman Barrasso, Ranking Member Carper, and
members of the Committee on Environment and Public Works,
thank you for the invitation to testify today.

My name is Bob Lanham. I am a highway and bridge contractor
from Houston, Texas, and I have the pleasure of serving as the
2020 President of the Associated General Contractors of America.

AGC is a national organization representing 27,000 businesses
involved in every aspect of construction activity in all 50 States,
Puerto Rico, and Washington, DC. On behalf of AGC, the construc-
tion industry, and this Nation, I want to thank this Committee for
Xs bipartisan work on the America’s Transportation Infrastructure

ct.

Our transportation infrastructure is not built by one contractor,
nor should the laws governing it be developed by one political
party. Bipartisan compromise enhances the likelihood of legislative
success, and ensures that all these programs reflect the diverse
needs of the States.

Before I talk about some of the important provisions in ATIA, I
would like to first address two things. One, the immediate need of
infusion of Federal funding for State DOTSs; and two, the need for
an enactment of a robust multi-year surface transportation bill.

With regard to the immediate needs of the DOTs, the COVID-19
pandemic has had an unprecedented impact on our economy, the
American people, and the construction industry. States’ transpor-
tation revenues are expected to decline by 30 percent over the next
18 months. This has caused many DOTs to delay letting new
projects. Construction businesses, just like any other business, can-
not survive many, many months without work.

In response, AGC is urging the Congress to provide an imme-
diate infusion of $49.95 billion in Federal funding to support the
State DOT funding shortfalls. I applaud Senator Rounds for lead-
ing, and many of you on this Committee, for signing the bipartisan
letter to the Senate leadership in support of this funding request.

With regard to a long term bill, the pandemic has clearly re-
minded us that a safe, efficient, and reliable transportation system
is vital to any national emergency response. Our system facilitates
economic growth, and it improves the quality of life of all Ameri-
cans. The enactment of a long term surface transportation bill,
such as ATIA, will provide certainty needed by the States’ DOTSs
to plan and carry out critical infrastructure investments. It will
also provide a significant economic boost to our Nation at a time
when it is sorely needed.

With regard to some of the other provisions in ATIA, it is not
just enough to provide robust investment levels. The bill has other
provisions in it that add extreme value. One, the improvement of
the environmental review and permitting process, while all along
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protecting the environment. Finally, the building of resilient infra-
structure.

Over the years, the Congress has enacted laws that have tried
to assure a balance between environmental, economic, and health
concerns. However, in this complicated operation and complex net-
work of these laws and the intersection of all these requirements,
sometimes those were overseen, and the environmental review
process was delayed.

AGC is pleased that ATIA has incorporated the provisions to im-
prove the process. The most significant is simply the codification of
Executive Order 13807, which institutes the One Federal Decision.
This provision calls for a Federal authorization and reviews to rely
on a single environmental document, establishes a 2 year goal for
the completion of a review of a major project, and a 90 day timeline
related to any authorization decisions to be issued after a record
of decision.

It also improves transparency through performance account-
ability. It works like a business. Tracking system for the review
and the permitting process itself, and in that allows for a moni-
toring and reporting of how the system is working.

Other important provisions include but are not limited to the es-
tablishing of deadlines for a Federal agency to review and respond
to categorical exclusion projects, requiring certain reports that, es-
pecially one that details best practices and potential changes to in-
ternal procedures at USDOT to expedite the review process.

In recent years, our Nation has experienced significant natural
disasters. I partially experienced Harvey in Houston, and the flood-
ing associated. Our system is vital to our ability to respond to and
recover from these disasters. However, we have all seen the pic-
tures in the news of the roads that are submerged or bridges that
are crumbling.

AGC appreciates that ATIA includes provisions to improve the
resiliency of the transportation system. Arguably the most impor-
tant of these is the PROTECT grant program, funded at nearly $1
billion per year. The diverse eligibilities of this program will help
ensure that the different needs of the States can be addressed.

Chairman Barrasso, thank you for convening today’s hearing. It
is a golden opportunity for the Congress. At a time when it seems
there is little that we can agree on, infrastructure might prove to
be that missing link.

I thank the Committee for its steadfast bipartisan efforts to im-
prove our Nation’s transportation infrastructure, and I look for-
ward to answering any of your questions.

Thank you, Mr. Chairman.

[The prepared statement of Mr. Lanham follows:]
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Statement of Robert Lanham
Associated General Contractors of America
July 1, 2020

Chairman Barrasso, Ranking Member Carper, and members of the U.S. Senate Committee on the
Environment and Public Works (Committee), thank you for inviting me to testify on this vitally
important topic. My name is Bob Lanham. | am a highway and bridge builder from Houston, Texas
and currently serve as the President of the Associated General Contractors of America (AGC).
AGC is a national organization representing more than 27,000 businesses involved in every aspect
of construction activity in all 50 states, Puerto Rico, and Washington, D.C.

The Committee has a strong history of developing and moving bipartisan legislation to improve
our highways and bridges. This was most recently demonstrated with the unanimous vote of the
Committee to advance the America’s Transportation Infrastructure Act {ATIA) to the Senate floor
last summer. AGC sincerely appreciates the bipartisan leadership of the Committee because just
as America’s transportation infrastructure is not built by one contractor, the laws governing federal
transportation policies and programs should not be wholly developed by one political party. The
give and take of bipartisan compromise not only enhances the likelihood for legistative victory, but
also ensures that these policies and programs reflect the diverse needs and priorities of states and
local communities across the country.

in my testimony today, | will address how ATIA sets forth a sound roadmap for reducing the
timeframe for moving a transportation project from conception to completion through responsible
reforms to the environmental review and permitting process. In addition, | will discuss how ATIA
sets the course for building more resilient transportation infrastructure in order to address the
impacts of climate change.

However, given the COVID-19 pandemic’s impact on our economy, the American people, and the
construction industry, as well as the impending expiration of the Fixing America’s Surface
Transportation Act (FAST Act) on September 30, 2020, | would like to first address the need for
an immediate infusion of federal funding for state departments of transportation (DOTs) in
addition to the swift enactment of a robust, multi-year surface transportation reauthorization bill.
As such, | fay out my testimony as follows:

. The Pandemic-Induced Need for and Benefits of Immediate and Long-term
Transportation Infrastructure Investment
A. The Benefits of Transportation Infrastructure Investment
B. The Pandemic-induced Need for and Benefits of an Immediate Infusion of $49.95
Billion for State Departments of Transportation
C. Realizing the Long-Term Benefits of Investment through the Enactment of Multi-Year
Surface Transportation Reautharization Legistation, Like ATIA
il. ATIA’s Approach to Responsibly Reducing Transportation Construction Project Delivery
Time and Costs through Sensible Environmental Review and Permitting Process
Reforms
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A. Section 1301: Efficient Environmental Reviews for Project Decision-making and One
Federal Decision

B. Other Notable Reforms that Accelerate Project Delivery without Sacrificing Substantive
Environmental Protections

{li. ATIA’s Sound Framework for Building More Resilient Transportation Infrastructure to
Better Weather Climate Change Impacts

A. Section 1407: Promoting Resilient Operations for Transformative, Efficient, and Cost-
saving Transportation (PROTECT) Grant Program

V. Conclusion

. The Pandemic-induced Need for and Benefits of Immediate and Long-term Transportation
Infrastructure Investment

A. The Benefits of Transportation Infrastructure Investment

The positive relationship between transportation infrastructure investment, economic output, and
private sector productivity has been well documented for decades by business analysts,
economists, and the research community. For example:

» [nvesting in transportation infrastructure increases productivity, as new efficiencies in
transporting goods and services boost the productive capacity of businesses. In turn, increased
productivity drives economic growth — every dollar spent on public transportation
infrastructure investment is estimated to increase U.S. Gross Domestic Product (GDP) by
roughly $3 via job creation, system improvements, and stimulated aggregate demand;* and

s A study by the Federal Reserve Bank of San Francisco found that every $1 spent from federal
highway funds increases the recipient state’s GDP by $2 over 10 years, although the multiplier
can be as high as $8, depending upon the specific characteristics of the project.?

B. The Pandemic-Induced Need for and Benefits of an Immediate Infusion of $49.95 Billion
for State Departments of Transportation

The ongoing COVID-19 pandemic continues to wreak havoc upon our lives, communities, and
economy. As | speak before you today, the pandemic has killed more than 125,000 Americans, led
to the unemployment of more than 40 milflion, and closed more than 100,000 small businesses.
Some state governments are projecting budget shortfalls double those they experienced at the
height of the Great Recession.® State transportation revenues are expected to decline by 30

* National Association of Manufacturers, Catching Up: Greater Focus Needed to Achieve a More Competitive
achieve-a-more-competitive-infrastructure/

2Sylvain Leduc and Daniel Wilson, Roads to Prosperity or Bridges to Nowhere? Theory and Evidence on the
Impact of Public Infrastructure Investment, 2012, available at

httpsdiwww journats uchicago.edu/doi/abs/10.1086/66917 37mobile Ui=0&

3 State revenue losses resulting from the COVID-19 recession are expected to well exceed the 11.6 percent
drop states experienced during the Great Recession, with some states anticipating declines of more than 20

3
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percent on average over the next 18 months, according to American Association of State Highway
and Transportation Officials (AASHTO). The future for robust transportation infrastructure
investment is dim when, for example:

o [LLINOIS: Average daily traffic counts declined nearly 50 percent throughout the state and the
state DOT anticipates a reduction in all transportation revenues of at least 30 percent over the
next 18 months. This calculates to a loss of $2.8 billion.*

e IOWA: In mid-April, traffic was down 44 percent compared with levels during the same week
in 2019.% The state's road use tax fund is projected to decline by $100 million through October
because the coronavirus has disrupted lowans' travel and vehicle purchasing patterns.®

*  MARYLAND: Motor fuel tax revenues are the largest single source of the Transportation Trust
Fund and are currently being negatively impacted by a 50 percent decline in traffic and low
gas prices. MDOT estimates that its budget will be out of balance in both state fiscal years
2020 and 2021, requiring significant spending reductions to bring them back into balance.”

»  NEW JERSEY: Traffic research company Inrix estimated that traffic on New Jersey highways
dropped by 62 percent after COVID-19 stay at home orders except for essential workers were
issued in March. NJ Turnpike officials reported a $23 million loss in toll revenues caused by a
29 percent traffic drop in March due to COVID-19.2

e  NORTH DAKOTA: in April, NDDOT reported a 40 percent drop in traffic levels having
corresponding negative impacts on the collection of transportation tax revenues. If current
abysmal traffic projections continue, the agency noted that it will have a major impact on its
ability to maintain roadways and match federal aid.®

percent. National Association of State Budget Officers, State Fiscal Outlook: Pre- & Post-COVID-19, 2020,
available at: hitp://budgetblog.nasbo.org/budgetblogs/blogs/kathryn-white/2020/06/25/state-fiscal-outlook-
pre-post-covid-19

+ lilinois Department of Transportation, Letter to Congressional Delegation, Aprit 20, 2020, available at:
https/ioolicy.transportation.org/wp-content/uploads/sites/59/2020/04/Congressional-Dalegtion-COVID~19-
Relief-Reguest-Letter,odf

® Eleanore Lamb, lowa Transportation Commission Approves Five-Year Plan, Transport Topics, June 16,
2020, available at: hitps:/fiwww.tinews com/articlesfiowa-transporiation-commission-approves-five-year-
plan

% Rod Boshart, Commission approves $3.6 billion five-year transportation plan for lowa But coronavirus
outbreak presents some funding challenges for Department of Transportation, The Gazette, Cedar Rapids,
lowa, June 10, 2020, available at: https//www.masstransitmag.com/bus/news/21141587/la-commission-
approves-36-billion-fiveyear-transportation-plan-for-iowa-but-coronavirus-outbreak-presents-some-.
funding-challenges-for-departrnent-of-transportation

7 Maryland Department of Transportation, Letter to Congressional Delegation, Aprit 20, 2020, available at:
hitps//policy.transportation.org/wp-content/uploads/sites/59/2020/04/MD-April-20.pdf

8 Larry Higgins, State highway agencies need a $50B federal cash infusion or construction could halt, group
says, May 20, 2020, www.nj.com, available at: https/Aiwww.ni.com/coronavirus/2020/05/state-highway-
agencies-need-a-50b-federal-cash-infusion-or-construction-could-halt-group-says.himl

¢ North Dakota Department of Transportation, Letter to Congressional Delegation, Aprit 20, 2020, available
st https:Hpolicv.transportation.orgfwp-content/uploads/site s/59/2020/04/COVIR 1 9-impacts-to-ND.odf.
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*  WEST VIRGINIA: The state’s contribution to the Road Fund — mainly from fuel taxes,
privilege taxes on vehicle sales, and vehicle registration fees — came up nearly $20 million, or
27 percent, short in April. A portion of those funds is used to pay off about $1.6 billion in road
bonds sold under the state’s Roads to Prosperity program. It is not clear at what point a
prolonged shortfall in Road Fund collection would affect the schedule for repaying those
bonds.*®

In many states, the declines in transportation revenues have already transiated into real defays in
undertaking new transportation projects. For instance, the Kentucky Transportation Cabinet did
not hold bid lettings for new transportation construction contracts in April or May.! Letting totals
in the state during the last 12 years have averaged about $900 million per year; this year's total is
projected to be around $350 million.?

Just as we have seen with many other types of businesses during this crisis, construction
businesses cannot survive months at a time without work. My greatest fear is that by the time a
robust, multi-year surface transportation reauthorization bill becomes law, there will be far fewer
construction contractors—many of whom are both my greatest competitors and dearest friends—
in business and even fewer construction workers employed to deliver transportation projects.

That is why | applaud Senator Rounds for leading—and many of you on this Committee for
signing—the bipartisan letter to Senate Leadership in support of an immediate federal funding
infusion of $49.95 billion for state departments of transportation. Without this funding, the ability
of state DOTs to carry out their core functions is threatened. | am deeply concerned that more
projects will be delayed, putting the viability of the transportation construction industry and good-
paying jobs at risk. As the Senate considers this request, AGC asks that an appropriate balance be
achieved between the various proposed eligible uses of this funding. That way, as opposed to
other worthy pandemic-related funding requests, this funding will not only help protect many
existing public and private sector jobs, it will also help put in place transportation assets that will
provide benefits to our economy and communities long after this pandemic is over.

C. Realizing the Long-Term Benefits of Investment through the Enactment of Robust, Multi-
Year Surface Transportation Reauthorization Legislation, Like ATIA

The pandemic has highlighted and reinforced that a safe, efficient, and reliable transportation
system is a vital part of our ability to respond to a national emergency. It has ensured the safe
travel of first responders, health care professionals, and essential workers as well as the expedient
delivery of medical supplies to hospitals and basic necessities to homes.

However, the transportation system is not just a necessary component of our response to national
emergencies, it plays an integral role in facilitating our nation’s economic growth and improving

0 Phil Kabler, Federal windfall offsets plunge in W.Va. Road Fund collection in April, Coal Valley News, May
20, 2020, available at: https/Awww.coalvallevnews com/news/federal-windfall-offsets-plunge-in-w-va-
road-fund-collection-in-april/article . 138fd842 -{2ae-5a29-9b18-cfafde806ac2.html.

1 This information was reported to AGC by its members who perform work for the Kentucky Transportation
Cabinet.
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the quality of life for all Americans. As this Committee knows well, there have been numerous
studies put forward documenting the overall condition of the transportation system and the
improvements required to ensure that it can meet our needs now and well into the future.

Enactment of a robust, multi-year surface transportation reauthorization legislation, such as ATIA,
will not only provide the long-term certainty state DOTs need to plan and carry out the critical
improvements to transportation system, it will also provide a signification economic boost to our
Nation at a time when it is desperately needed. Contractors across the country will have the
confidence to invest in equipment and materials as well as retain and hire additional employees in
anticipation of a strong pipeline of work. These activities will have a ripple effect, spurring
economic growth and job creation in other industries, which will help put our Nation on the road to
recovery.

While robust investment in our Nation’s transportation infrastructure is necessary, its lone
inclusion in the legislation is not enough. Such legislation should also include provisions improving
the administration of the bureaucratic processes impacting project delivery and sensibly
addressing the ways our transportation infrastructure can adapt to challenges. In the sections
below, | will discuss how ATIA includes measures addressing these needs among other
provisions.

. ATIA’s Approach to Responsibly Reducing Transportation Construction Project Delivery
Time and Costs through Sensible Environmental Review and Permitting Process Reforms

Over the last B0 years, Congress enacted a host of laws that seek to ensure a balance among
environmental, economic, and health concerns. However, the complicated operation of those laws
and intersection of their requirements can lead to delays in environmental review and permitting
decisions that can derail the efficient delivery of needed infrastructure projects for many years.
These processes can be bureaucratic, lengthy, complex, and duplicative. For example:

e The National Environmental Policy Act (NEPA) may require a project interact with at least 22
federal statutes that incorporate the cooperation of at least 11 federal agencies;*®

e In December 2018, the Council on Environmental Quality (CEQ) published a report on the
amount of time federal agencies took to complete an environmental impact statement (EIS),
finding that the average time to complete an EIS was four and a half years. CEQ reviewed
1,161 EISs for which a notice of availability of a final EIS was published between January 1,
2010 and December 31, 2017, and a record of decision {ROD) was issued by june 7, 2018;1
and

2 Associated General Contractors of Ametica, Reforms for Improving Environmental Review and Permitting,
July 24, 2017, available at:

hitps:fiwww.age.org/sites/default/files/Galleries/enviro. members, file/Reforms % 20for%20improving%20Fe
deral%20Environmental%20Review%20and%20Permitting% 207 -24-17%20FINAL%20v2_Q.pdf

* Council on Environmental Quality, Report on Environmental Impact Statement Timelines {2010-2017),
December 14, 218, available at: httos//www.whitehouse.goviwp-content/uploads/2017/1 1/CEQ-EIS-

Timelines-Repart.pdf
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* Per a National Association of Environmental Professionals (NAEP) review of the 194 EISs
published in 2015, only 16 percent were prepared in two years or less.®

Project delays deny the public the substantial benefits that come from an infrastructure project:
improving our economy and our gquality of life.

ATIA sets the path to lessen the time and costs associated with federal environmental review and
permitting by focusing on better integrating those processes—without jeopardizing necessary
environmental protections or considerations-—by avoiding sequential and duplicative reviews,
minimizing the need to redo documentation and analyses for a permit, and fostering innovation
and transparency.

A. Section 1301: Efficient Environmental Reviews for Project Decision-making and One
Federal Decision

The most significant reform to the environmental review and permitting process in ATIA is the
codification of Executive Order 13807, which institutes the One Federal Decision. This provision
addresses significant bureaucratic issues without sacrificing substantive environmental
protections that include, but are not limited to:

» BUREAUCRATIC ISSUE: Time and money is wasted on redoing project analyses and
reviews and on collecting duplicative information from permit applicants. Challenges with
environmental review and permitting process are root causes for delays on infrastructure
projects. The environmental permit approval process generally entails sequential reviews by
multiple agencies and various requests for project specific information. Even though each
agency has slightly different forms and different information requirements, some of the
information {like project descriptions} is duplicated across applications. This means that there
can be multiple forms requesting the same information in different ways.

¢ SENSIBLE ATIA SOLUTIONS:
v' Calls for all federal authorizations and review for a project to rely on a single environmental
document prepared under NEPA.

¥ The final environmental impact statement for a major project must include an adequate
level of detail to inform decisions necessary for the role of the participating agencies in the
environmental review process.

« BUREAUCRATIC ISSUE: The absence of completion goals and schedule modifications
creates uncertainty. Under current law, a lead agency is required to “establish a plan for
coordinating public and agency participation in and comment on the environmental review
process for a project...”. As part of this coordination plan, a lead agency is also required to

5 NAEP annually reports information on EIS time frames by analyzing information published by agencies in
the Federal Register, with the Notice of Intent to complete an EIS as the “start” date, and the Notice of
Availability for the final EIS as the “end” date. However, AGC members’ experiences show that it's common
for large and controversial projects to take even longer than these numbers reflect. See e.g., Federal
Highway Administration, "Estimated Time Required to Complete the NEPA Process,” available at -
httos//www.environment.fhwa.dot.gov/strming/nepatime.asp.
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establish a schedule for completing the environmental review process after consulting with
and receiving the concurrence of the participating agencies, the state in which the project is
located, and the project sponsor (if applicable). Current faw also allows the schedule to be
modified under certain circumstances. The duration of such a schedule will vary from project to
project. While a modification to a schedule may be necessary, the prospect of such a
modification can create uncertainty. Establishing consistent goals to complete the
environmental review and permitting process for a project, with appropriation option for
extending such goals, will help ensure predictability.

SENSIBLE ATIA SOLUTION:

v’ Establishes a two-year goal for completion of environmental reviews under NEPA for major
projects with an option to shorten or extend the goal under certain circumstances, and a
90-day timeline thereafter for related project authorizations {permits license, approval)
after the issuance of a record of decision for major projects.

v Requires the Secretary of the U.S. Department of Transportation (USDOT) to work with
certain other federal agencies to identify which of its categorical exclusions {CEs}, if applied
by those agencies, would accelerate project delivery. The other federal agencies are further
directed to issue a notice of a proposed rulemaking to adopt any of those CEs.*®

BUREAUCRATIC ISSUE: Environmental reviews and permit processing can get lost in the
paper churn among numerous government agencies. A lack of transparency into a process
that involves dozens of federal requirements and perhaps just as many government entities
can lead to a project getting lost in the paper shuffle. This costs everyone involved and
dependent upon the project time and money.

SENSIBLE ATIA SOLUTIONS:

v Requires the establishment of a performance accountability system for tracking major
projects, which would include at a minimum the environmental reviews process schedule,
whether the established schedule is being met, and time taken to complete the
environmental review process.

v If a cooperating agency fails to meet a certain deadline for a major project, the agency must
submit a report to the USDOT Secretary that describes why the deadline was missed. The
Secretary is then required to submit a report to Congress and make it publicly available on
the internet.

* |n general, CEs have improved project schedules and efforts to provide additional avenues to identify CEs
would further advance time savings efforts. As it stands, state DOTs and selected transit agencies report
using such CE provisions already enacted in taw to speed up the delivery of highway and transit projects.
For example, according to a Government Accountability Office survey, 10 of 17 provisions that mainly
created new CE were used by 30 or more state DOTs and generally sped up projects. Government
Accountability Office, Highway and Transit Projects: Evaluation Guidance Needed for States with National
Environmental Policy Act Autherity, fanuary 2018, available at:
hitps:/fwww.gao.gov/assets/690/689705.odf
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v Requires the USDOT Secretary to provide a report on environmental review best practices,
programmatic agreements, and potential changes to internal departmental procedures to
speed up the environmental review process for projects.

B. Other Notable Reforms that Accelerate Project Delivery without Sacrificing Substantive
Environmental Protections

AGC also appreciates the additional provisions included in ATIA to advance efforts to tighten
project schedules without jeopardizing environmental protections. These include, but are not
limited to:

o Section 1309; Establishes deadlines for federal agency review and response {45 days with
30-day extension) of certain categorical exclusion (CE) projects within the operational right of
way, including preventative maintenance, preservation, highway safety projects, and new turn
lane projects.

» Section 1310: Requires the USDOT Secretary to develop an annual report describing the
median time for the completion of environmental reviews. As part of the report, the Secretary
must list any new CEs and all regulatory requirements that have been removed or reduced in
the previous fiscal year.

I, ATIA's Sound Framework for Building More Resilient Transportation Infrastructure to
Better Weather Climate Change Impacts

A. Section 1407: Promating Resilient Operations for Transformative, Efficient, and Cost-
Saving Transportation (PROTECT) Grant Program

in recent years, our nation has experienced significant natural disasters and catastrophic events
which have tested our resolve as a country and as individuals. My home state of Texas has faced
devastating hurricanes, including Hurricane Harvey in 2017. Our infrastructure, and in particular
our transportation system, is vital to ensuring that Americans can safely evacuate from their
homes, bring first-responders and critical supplies to those in need, and begin the path to recovery
when the event is over and it is safe to do so. However, we've all seen pictures on the news of
roads submerged or crumbled and bridges that are impassable, threatening the ability of the
system to perform these vital functions.

AGC is pleased that the Committee incorporated provisions in ATIA to improve the resiliency of
the transportation system. Arguably, the most significant of these provisions is the establishment
of Promoting Resilient Operations for Transformative, Efficient, and Cost-Saving Transportation
(PROTECT) Grant Program. This program would thoughtfully support projects that reinforce,
upgrade, or realign existing transportation infrastructure to better withstand extreme weather. It
also includes funding dedicated to specifically improving the resiliency of transportation
infrastructure in coastal states and emergency evacuation routes.
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The PROTECT Grant Program provides almost $1 billion each fiscal year in dedicated funding for
resiliency-related projects. The funding is distributed through a mix of formula funding to state
DOTs and competitive grants to eligible entities. The diverse eligibilities within the program will
help ensure that differing needs of states and communities can be adequately addressed. Other
provisions include, but are not limited to:

* Expanded eligibilities for resiliency-related projects under the National Highway
Performance Program, the Surface Transportation Block Grant Program and the
Emergency Relief (ER) Program;

* Consideration of strategies to promote resilience in the National Freight Strategic
Plan and state freight plans; and

+ Revisions to the manual for the ER program to include procedures that state DOTs
can use to incorporate resilience into ER projects, among other items.

IV. Conclusion

Mr. Chairman, thank you again for convening today’s hearing. AGC greatly appreciates the
opportunity to appear before the Committee and share our perspective on this important topic.
The role of our national transportation system in supporting U.S. competitiveness and our quality
of life cannot be understated. Transportation impacts the daily lives of citizens and businesses in
every state in the Union. The American public recognizes the need to improve our system and
bring it back to world class status.

A golden opportunity is before Congress. At a time when it seems there is little we all agree on,
infrastructure may prove to be the missing link. | thank the Committee for steadfast, bipartisan
efforts to improve our nation’s infrastructure.
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Senate Committee on Environment and Public Works
Hearing entitled, “Beftter, Faster, Cheaper, Smarter, and Stronger: Infrastructure
Development Opportunities to Drive Economic Recovery and Resiliency.”
July 1, 2020
Questions for the Record for Robert C. Lanham, Jr.

Senator Whitehouse:

1.

As we consider our country’s infrastructure development plans, we cannot ignore the
urgent needs of our coastal communities, which continue to go unaddressed. Over the
past decade, the Army Corps of Engineers spent between 19 and 120 times more on
inland work than on coastal work in its Flood and Coastal Damage Reduction fund. The
Land and Water Conservation Fund has similarly heavily favored inland projects over
coastal projects, a disparity that Congress recently missed an opportunity to address.
Coastal states are also seeing shores disappearing and properties threatened due to sea
level rise. Should we not be focusing on infrastructure to support our coasts as they take
the beating of climate change? What policies should we focus on pushing to address this
coastal issue?

Response:
AGC believes that Congress should increase federal funding to improve the nation’s

infrastructure, including water resources infrastructure. Water resources projects create
jobs, improve the quality of life for all Americans, protect our communities, facilitate
waterborne commerce, restore environmentally sensitive areas of the country, and help
grow our economy. However, Congress should take certain actions to ensure that the
water resources infrastructure along the coasts and inland is adequately meeting the needs
of all local communities. Specifically, Congress should:

* Enact biennial water resources development acts. The predictability of the
biennial passage of water resources development acts cannot be understated and is

critical for all stakeholders involved in the planning and execution of water
resources projects. AGC applauds the bipartisan efforts of the Senate
Environment and Public Works (EPW) Committee to develop the America’s
Water Infrastructure Act of 2020 (AWIA). In addition to setting federal water
resources policies, AWIA ensures that the U.S. Army Corps of Engineers {Corps)
Civil Works Program is appropriately responsive to the water resources needs of
all focal communities by authorizing pending Corps Chief”s Reports and new
feasibility studies.

o Improve the environmental review and permitting process for water resources
projects. Texas has faced devastating hurricanes, including Hurricane Ike in 2008
and Hurricane Harvey in 2017. In 2015, the Corps and the Texas General Land
Office as the non-federal sponsor initiated a study to improve the resiliency of the
Texas coast. The study is not expected to be completed until 2021. AGC applauds
the EPW Committee’s inclusion of provisions that improve the environmental
review and permitting process in AWIA, which will allow for critical water
resources projects to begin quickly and efficiently without sacrificing important

Page 1 of 2
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environmental protections. For example, AGC supports Section 1101, which
requires the Corps to establish a goal of completing the feasibility study by no
later than two years after the date of initiation. Section 1101 further directs the
Corps to use all existing flexibilities and exceptions to any requirement
administered by the Secretary to speed up feasibility studies. In addition,
Congress should also consider policies that improve the efficiency and
effectiveness of the Civil Works Program itself.

Provide robust, predictable appropriations for the Corps Civil Works Program.
Project and feasibility study authorizations must be subsequently paired with a
robust appropriation of funding for the Civil Works Program, otherwise local
communities will not realize the benefits of these projects. AGC believes that
Congress should provide the Civil Works Program with a five-year appropriation
of funding instead of the current yearly appropriations in order to ensure an
efficient execution of these projects and avoid delays and cost increases. In
addition, Congress should consider additional policies that incentivize non-federal
sponsors to contribute additional funding or other resources to water resources
projects and feasibility studies, which will complement robust federal funding.
For example, if a non-federal sponsor is willing to pay more than the statutory
required cost-share of a water resources project, the current benefit-cost analysis
(BCA) will not factor in this change. As a result, both the Corps and local
communities are disadvantaged by the inflexibility of the BCA and this creates a
disincentive for non-federal sponsors who are willing to contribute more funds to
expedite a project.

Address bureaucratic delays facing water resources projects. AGC believes that
one of the biggest obstacles facing future water resources projects is double
vetting process by the Corps and the Office of Management and Budget (OMB).
The Corps’ Chief Reports submitted to Congress show that the benefits of a
project are at least as great as the cost. However, OMB subjects these projects to a
second, more rigorous, benefit-cost ratio. Specifically, OMB often requires that
the benefits of a project be 2.5 times greater than the cost. OMB’s separate BCA
often requires additional reviews and adjustments, resulting in delays and
additional scope adjustments. AGC urges to Congress reform the BCAs and
eliminate the duplicative and confusing accounting process to ensure that
appropriate water resources projects can move forward in the legislative process.

Page 2 of 2
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Senator BARRASSO. Thank you very much for that very helpful
testimony. We appreciate your being here today.

At this time I would like to turn to Ms. Christy Goldfuss, who
is the Senior Vice President of Energy and Environment Policy at
the Center for American Progress.

Welcome.

STATEMENT OF CHRISTY GOLDFUSS, SENIOR VICE PRESI-
DENT, ENERGY AND ENVIRONMENT POLICY, CENTER FOR
AMERICAN PROGRESS

Ms. GoLDFUSS. Thank you.

Good morning, everyone.

Good morning, Chairman Barrasso and Ranking Member Carper.
Thank you for inviting me to participate in this important hearing.
It is truly nice to be out of the house for the first time in 3 months
and be here in person.

I am the Senior Vice President of Energy and Environment Pol-
icy at the Center for American Progress, and previously ran the
White House Council on Environmental Quality during the Obama
administration.

Here is what I would like to tell the Committee today. Infrastruc-
ture policy cannot be separated from its implications for climate
change, land use, structural racism, and the health of our commu-
nities.

The transportation sector is now the leading source of carbon pol-
lution. The best time to incorporate the imperatives of climate
change and climate justice into transportation policy were decades
ago. But the second best time is now.

I congratulate the Environment and Public Works Committee for
S. 2302, America’s Transportation Infrastructure Act, which takes
some important steps to grapple with these thorny and critical
issues.

The $10 billion climate change subtitle, the first ever in a trans-
portation bill, sets aside about 3.5 percent of highway funding to
retrofit or relocate existing infrastructure to reward States that re-
duce transportation related greenhouse gas emissions. This is a
promising start, especially given the bipartisan support.

At the end of the day, the fact that there is a climate change sub-
title in this bill will mean that there should never again be a trans-
portation bill that fails to invest in climate mitigation and resil-
ience. Following your lead, consider how the House’s current infra-
structure bill begins to incorporate climate policy into the core
highway funding programs, in addition to creating new funding
programs similar to ATIA, for adaptation and mitigation. This kind
of bicameral interest in reform represents a critical recognition that
infrastructure policy is climate policy.

However, the climate funding in this bill cannot be put to good
use to build resilient, climate ready infrastructure without proper
planning, community engagement, and public review of the antici-
pated results. As this Committee is aware, this environmental re-
view is the purview of the National Environmental Policy Act, or
NEPA, which you are all quite familiar with, and which is cur-
rently under significant and overreaching attack from the Trump
administration in the rewrite of the NEPA regulations.
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NEPA is central, not antithetical, to the rapid permitting and
construction of resilient and equitable infrastructure projects. Such
projects require hundreds of millions, often billions of taxpayer dol-
lars. It does not make sense to leap before we look and build an
expensive new bridge in a location, for example, that is going to be
underwater in 5 years because of sea level rise and storm flooding.
That common sense approach is why 80 percent of Americans sup-
port NEPA. They truly want both a clean environment and strong
infrastructure, and don’t want to sacrifice one for the other.

NEPA and the environmental review process also ensure that all
communities, particularly Black communities and other commu-
nities of color, have a voice in decisions that affect their neighbor-
hoods and livelihoods. Without NEPA and with the changes that
the Trump administration is near to finalizing in the regulations,
communities will be unable to push back on projects that may lit-
erally make it harder for them to breathe.

This is not an abstract concern. Just this week, the Rhodium
Group released an analysis that found, on average, Black Ameri-
cans are exposed to 46 percent more diesel particulate matter emis-
sions and 22 percent more air toxic respiratory hazards than White
Americans.

Given dozens of actions by Congress over the past 20 years, we
already have the necessary tools to ensure that NEPA’s process is
efficient, transparent, and successful.

But the Federal Government must use the authorities granted
and invest in staff, basic tracking technology, and project manage-
ment systems, not slash support, as this Administration has done.
Specific recommendations for improving NEPA based on my experi-
ence at CEQ are included in my written testimony.

As this Committee knows, infrastructure policy is climate policy.
And climate justice is also racial justice. This bill is a first step to-
ward both these goals.

With investment, community input, and careful planning, we can
truly form a more perfect Union, one built around justice, oppor-
tunity, and hope.

I look forward to your questions. Thank you for having me.

[The prepared statement of Ms. Goldfuss follows:]
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Senate Committee on Environment and Public Works
“Better, Faster, Cheaper, Smarter, and Stronger: infrastructure Development
Opportunities to Drive Economic Recovery and Resiliency”
Testimony of Christy Goldfuss
Senior Vice President for Energy and Environment Policy
Center for American Progress
July 1, 2020

Introduction

Thank you, Chairman Barrasso and Ranking Member Carper, for inviting me to participate in this important
discussion about infrastructure development and investment in the face of economic recovery and climate
change. The truth is that infrastructure policy cannot be divorced from its implications for climate change,
land use, structural racism, and the health of our communities. America’s Transportation Infrastructure Act
(S. 2302) takes some important steps to grapple with these implications, for which | congratulate the
Environment and Public Works Committee. When it comes to transportation infrastructure, we all must
work to ensure that we as a country include community input; ameliorate, not exacerbate climate change
and other major environmental hazards; and protect civil rights.

When this committee marked up its reauthorization bill almost a year ago (July 30, 2019), few anticipated
that we would now be simultaneously facing an unprecedented global health crisis, a nationwide economic
recession, and a nationwide uprising against racism and police violence. Meanwhile, the dire impacts of
climate change have started to accelerate, with extreme weather events such as flooding, hurricanes, and
wildfires causing billions of dollars in destruction annually. As communities of color and low income
communities continue to suffer from COVID-19 and police violence, they are being disproportionately
wracked by climate impacts as well.

Climate Change

The best time to incorporate the imperatives of climate change into transportation policy was 30 years ago.
The second-best time is now. Achieving net-zero greenhouse gas emissions by 2050 will require immediate
and wholescale changes to land use and infrastructure policy in the United States, along with enormous
investments to prepare for the changes in climate that we have already set into motion.

The $10 billion Climate Change subtitle in America’s Transportation Infrastructure Act {ATIA), the first ever
in a transportation bill, is a notable step in that direction, amounting to about 3.5% of the proposed
highway spending. This includes $4.9 billion over five years in Sec. 1407 to start retrofitting or relocating
some of the nation’s most vulnerable infrastructure, beginning to make our transportation system and
communities more resilient to extreme weather. The title also creates a $3.5 billion incentives-based
program in Sec. 1403 to reward states that substantially reduce transportation-related greenhouse gas
emissions over the next five years, encouraging states to think creatively and honestly about their
transportation systems as a whole. The new provisions of ATIA, if sufficiently funded, would give state
departments of transportation the tools and the incentives to recognize that their decisions have a major
influence on the severity of climate change and our ability to withstand it.

This bill also starts to address the disparate effects of climate change and pollution on Black and other
communities of color through provisions that reduce emissions while also reducing these communities’
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toxic burden of pollution. For example, Sec. 1402--Reduction of Truck Emissions at Port Facilities-—-serves to
reduce emissions at ports by providing grants to reduce idling and support port electrification. This
competitive grant program could achieve the dual goals of reducing greenhouse gas emissions and
pollution, improving the heaith of port-adjacent communities which overwhelmingly tend to be
communities of color. The same is true of Sec. 1408, reauthorizing the Diesel Emissions Reduction Act
{DERAY); which provides incentives to take the dirtiest vehicles off the road.

At a time when Congress is considering how infrastructure funding may help to revitalize our economy and
set it up for long-term success, forward-thinking climate-oriented investments are essential. Building
infrastructure that is prepared for future disasters, through making changes to projects before construction
rather than trying to remediate after the fact, is good government and deeply cost-beneficial. Supporting
the electrification of the vehicle fleet, including through the $1 billion in grant funding under Sec. 1401 for
which electric charging infrastructure projects can compete, will make our economy more competitive
internationally. Increasing the funding set-aside for the Transportation Alternatives Program from $850
million to $1.3 billion annually in Section 1109(b}) will make our communities healthier, safer, and more
equitable in ways that people can immediately understand. And investing in natural infrastructure in the
form of coastal restoration and resilience, through the aforementioned $4.9 billion in Sec. 1407’s PROTECT
grants, is a win-win-win for our economy, our frontline communities, and our environment.

Perhaps the most significant aspect of the climate change subtitle in this bill is that there should never
again be a transportation bill that fails to invest in climate mitigation and resilience. Momentum is already
building in the right direction. Consider how the House’s current infrastructure bill, likely being voted on
this week, H.R. 2., begins to incorporate climate policy into the core highway funding programs, in addition
to creating new funding programs similar to ATIA for adaptation and mitigation. This kind of bicameral
interest in reform represents a critical recognition that infrastructure policy is climate policy.

Yet we still have much more work to do. In order to limit climate change to a global increase of 1.5 degree
Celsius as the scientists sav we must, and to adapt to the impacts that cannot be avoided, we must be more
ambitious still. The Center for American Progress published a report last October on the many policy
reforms we must pursue to build a 100% Clean Future, of which additional infrastructure funding is just one
part. Similarly, the House Select Committee on the Climate Crisis yesterday released its own report, making
clear the enormous range of policy responses required to address climate change, and the incredible
opportunities that ambitious climate action can unlock for our economy, our health, and the wellbeing of
our children and grandchildren.

Environmental Review

It is important to note that the climate funding in this bill cannot be put to good use in a way that will build
resilient, climate-ready infrastructure without proper planning, community engagement, and public review
of the anticipated results. In fact, this planning is critical--not antithetical-to the rapid permitting and
construction of resilient transportation and infrastructure projects that will serve communities, reduce
climate-causing pollution in overburdened neighborhoods, and withstand the future impacts of climate
change that we can not avoid. As this Committee is aware, this environmental review is the purview of the
National Environmental Policy Act, or NEPA, which you are all quite familiar with and which is currently
under significant and overreaching attack from the Trump administration.
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NEPA and its implementing regulations for Federal agencies ensure that all potential impactson a
community as a result of a project are considered, and also that the public has an opportunity to comment
on projects that may impact them. NEPA is a procedural statute only. While environmental and public
health impacts must be assessed and project alternatives considered, NEPA does not require an agency to
choose the most environmentally sound option, just to do the work to gather information and inform the
public of potential impacts.

More than that, however, NEPA is simply good policy, supported by 80% of Americans. Federal projects
require hundreds of millions, often billions, of taxpayer doliars. it does not make sense to leap before we
look, and build an expensive new highway in a location that is going to be underwater in five years as a
result of climate change impacts like flooding and sea level-rise, Environmental review protects against that
kind of waste.

NEPA and the environmental review process also underscore that Black lives matter, by ensuring that all
communities, and particularly communities of color, have a voice in transportation and infrastructure
decisions that affect their neighborhoods and livelihoods. Without NEPA, and with the changes that the
Trump administration is near to finalizing for NEPA’s implementing regulations for agencies, communities
would be silenced, unable to push back on projects that may make it harder for them to breathe. For
example, Mossville, Louisiana, was formed by freed former enslaved people in the 1790s, becoming one of

the first vibrant Black communities in the south. Today, however, it sits in the center of an area known as
Cancer Alley thanks to the number of polluting industry facilities now located in and around it. Testing has
shown higher levels of cancer-causing dioxins in Mossville residents’ blood that can be tied back to
emissions from facilities in the area. Mossville is a perfect example of a community where environmental
review is critical. It would not make sense to build yet another chemical manufacturing plant there and
consider its additional impacts in isolation from the existing poliution in the community. Yet the Trump
administration wants to do just that, by entirely removing the requirement that agencies consider the
cumulative impacts of a project.

The ways in which proper NEPA analysis, including a review of cumulative impacts, intersect with
environmental justice are particularly poignant in the current moment when members of Black, Latino and
indigenous communities are being hospitalized with COVID at rates four to six times higher than their white
counterparts. This is particularly stark given the Harvard Journal of Medicine study which found that higher
rates of air pollution exposure, specifically to small particulate matter, was correlated with an increase in
mortality rates from COVID. The study also notes that it is disproportionately Black and Latino Americans
who live in these areas of higher air pollution, often as a result of communities situated near highways and
other areas of congestion where tailpipe emissions are higher and more frequent. Underscoring this, the
Rhodium Group released an analysis on June 29, 2020 that found that the average Black American is

exposed to 46% more diesel particulate matter emissions and 22% more air toxic respiratory hazards than
white Americans. The Rhodium Group writes:

“The point of this analysis is to demonstrate that the same communities that have borne the brunt of the
impact of COVID-19 this year have borne the brunt of the impact of air, water, toxic, and hazardous waste
pollution for decades prior. As Congress turns its attention to legislation to help the economy recover from a
COVID-19-induced recession, there are opportunities to do so while taking a step toward correcting historical
environmental injustices.”
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These findings underscore that historic and continuing racial health disparities are a factor that must be
considered by transportation and infrastructure legislation, policy, and planning. Further, these statistics
show why we so critically need NEPA and not the chopped up, legally uncertain version of the statute that
the Trump administration is serving up, which will increase litigation without promoting faster project
delivery. Yet the Trump administration’s proposed changes to the NEPA implementing regulations would
encourage conflicts of interest that undermine communities; complicate and confuse the process for
community input, thereby silencing communities; and remove the requirement that agencies consider the
cumulative impact of a project, thereby negating consideration of future climate change effects and
exacerbating existing environmental justice issues.

i implemented correctly, and using all existing authorities, the existing NEPA process can save us time in
the long run, can help avoid additional environmental injustices, and can save taxpayers money. As many
members of this Committee know, but is worth stating again, only a small fraction of projects - less than
one percent -- require the more substantive Environmental Impact Statement (EIS) under NEPA, rather than
a relatively quick Environmental Assessment or being covered by a categorical exclusion. Further, while
there is a significant lack of data, existing information shows that the primary cause of slowed or stalled
projects is not lengthy NEPA reviews, but instead a lack of funding.

And we already have the necessary tools to ensure that the NEPA process is fast, efficient, transparent and
successful. But we cannot achieve these things unless we use those tools and invest in staff, basic tracking
technology, and project management systems to get the work done. If there is any reason for the existing
NEPA process not working as well as it should right now, it is because the Trump administration has slashed
funding for agency staff and programs that implement NEPA; not invested in or implemented all of the
authorities presently available; and politicized the NEPA process. But through existing legislation and
authorities, the Trump administration has many options for expediting permitting that do not include
gutting a critical and successful statute.

From my experience as the Managing Director of the Council on Environmental Quality {CEQ} under
President Obama, | recommend the following:

o Fully fund NEPA offices and programs at agencies to ensure that they are fully staffed, that the
staff have the training and expertise needed, and that the agencies have the resources they need to
conduct successful and efficient environmental review. Over the last two decades, agencies have
seen their NEPA budgets shrink, and this has been gccelerated under the Trump administration. The

agencies that do the NEPA work have seen their budgets curtailed in recent years, meaning fewer
staff and resources--and now they are being asked to go faster. The agencies and staff cannot do
more with less—-if our leaders are serious about actually expediting permitting and not just gutting
environmental review, they must adequately fund these agencies.

e Further invest in coordination and transparency for NEPA projects through additional funding and
attention to the Permitting Dashboard for Federal Infrastructure Projects and data collection for

project processes. The Permitting Dashboard, where major federal projects are listed for agencies
and the public to see the steps and project schedule, needs more funding to build out more
functional tools {e.g. Geographic Information Systems technology) and to become a true
interagency collaboration tool. With enough resources and investment, the Dashboard could even

4
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host projects before an agency publishes a Notice of Intent, allowing cooperating agencies to plan
ahead and prepare for significant projects, thereby streamlining the review process. Also, agencies
should be directed to standardize data collection for all environmental review processes. Right
now, there is g significant Jack of data on the NEPA process, despite environmental review being
continually blamed for project slowdowns. This would help to identify where commonalities in
stalled projects lie, and provide common-sense and actionable lessons learned for Federal agencies.
® Remove political influence from the environmental review process. Under the Trump
administration, political staff have been afforded significant sway in the environmental review
process, slowing down or halting entirely reviews for their own reasons while NEPA is still blamed
for project slowdowns. For example, the Environmental Protection Agency (EPA) moved its Office of
Federal Activities, which reviews EISs, away from the Office of Enforcement and Compliance

Assurance and into the Office of the Administrator. Further, after rushing environmental review
processes for many significant onshore oil and gas leasing decisions, the Department of the Interior
{DO1) has turned the tables on offshore renewable energy development and required a lengthy and
unexpected review process, in essence halting several offshore wind projects. And this political
interference reaches the highest levels of government. President Trump met with Senate Minority
Leader Schumer in September 2017 to address the Hudson Gateway Tunnel project in a meeting
that reportedly ended in general agreement around the need for the massive modernization
project. Later, however, President Trump said he would only support funding for the project if the
Senate authorized funds for a border wall; the Final EIS, which was due in March 2018, is still not
out. in 2018, Politico Magazine reported: “/l wouldn’t say we're slow-walking it,’ one administration

2]

official told me, before laughing. ‘0K, maybe a little.

nstead of going the way of the Trump administration and gutting NEPA, particularly at a time when future
considering climate impacts and community input is more critical than ever, federal agencies and their
partners should instead use these gxisting tools to permit and construct equitable and just transportation
infrastructure.

Conclusion

The climate crisis is urgent and here--and this Committee’s work has set an important marker for
underscoring that infrastructure policy is climate policy. We can take this a step further to acknowledge
that climate justice, of the sort that would be fostered through this bill's Climate Change subtitle and the
critical environmental review that accompanies it, is also racial justice. It is time - and past time - that we
assess infrastructure both for its role in future climate impacts and for its contributions to our communities’
ability to withstand climate change.

This bill is a good first step. Now, we must ensure that we are planning to the best of our abilities for the
crisis ahead. With investment, community input, and careful planning, the climate crisis can be an
opportunity to truly form a more perfect union, one built around justice, opportunity, and hope.
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Senate Committee on Environment and Public Works
Hearing entitled, “Better, Faster, Cheaper, Smarter, and Stronger: Infrastructure
Development Opportunities to Drive Economic Recovery and Resiliency.”
July 1, 2020
Questions for the Record for Christy Goldfuss

Senator Whitehouse:

1. Aswe consider our country’s infrastructure development plans, we cannot ignore the
urgent needs of our coastal communities, which continue to go unaddressed. Over the
past decade, the Army Corps of Engineers spent between 19 and 120 times more on
inland work than on coastal work in its Flood and Coastal Damage Reduction fund. The
Land and Water Conservation Fund has similarly heavily favored inland projects over
coastal projects, a disparity that Congress recently missed an opportunity to address.
Coastal states are also seeing shores disappearing and properties threatened due to sea
level rise. Should we not be focusing on infrastructure to support our coasts as they take
the beating of climate change? What policies should we focus on pushing to address this
coastal issue?

Christy Goldfuss response:

Thank for this important question, Senator Whitehouse. 1 agree that investing in coastal
restoration and resilience is a win-win-win for our economy, our frontline communities, and our
environment. As sea levels rise at an accelerated rate and extreme weather events continue to
increase, restoring and investing in natural coastal infrastructure will protect coastal
communities, including the most vulnerable communities, by buffering the impacts of storms.

However, as you rightly point out, over the last decade funding for ocean and coastal restoration
projects has failed to meet demand. In 2009, NOAA received more than $3 billion in proposals
for “shovel ready” ocean and coastal restoration projects but had only $167 million to allocate to
such projects from the American Reinvestment and Recovery Act (ARRA). In 2017, NOAA
received more than 167 proposals for National Coastal Resilience Fund projects costing more
than $135 million but was able to award funding to just 19 projects totaling $13.8 million.

The Moving Forward Act (HLR.2), which passed the House on July 1, included an $3 billion for
coastal and Great Lakes resilience and restoration, as well as a separate grant program to build
living shorelines--projects that use natural materials and systems to support flood resilience. HR.
2 prioritized funding for projects that--

e Stimulate the economy, are shovel-ready, and include low income communities,
communities of color, Tribal communities, and rural communities.

s Provide important tools to help communities address the impacts of adaptation to climate
change, including by constructing or protecting ecological features or green infrastructure
that protects coastal communities from sea level rise, coastal storms, or flooding.

Page 1of 2



51

e Provide marine, estuarine, coastal, or Great Lake habitat restoration benefits that will
make ocean and coastal ecosystems more resilient in the face of climate change.

These measures were also supported by the 44 groups, including the Center for American
Progress, who recently signed a letter to Congressional leadership supporting investments in
coastal restoration.

Page 2 0f 2
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Senator BARRASSO. Thank you for your very thoughtful testi-
mony. We are glad to have all three of you here today.

I want to start with a question that actually goes to all three of
you.

I'm going to start with Mr. Lanham first. America’s Transpor-
tation Infrastructure Act requires, as we talked about, environ-
mental reviews for major highway projects to be completed in a
timely and predictable manner. The permitting reforms in this bill
mirror the Administration’s One Federal Decision policy.

So starting with you, Mr. Lanham, will each of you please elabo-
rate on how the bill’s bipartisan permitting reforms will help de-
liver these projects faster, better, cheaper, and cleaner, while not
sacrificing environmental safeguards?

Mr. LANHAM. Thank you, Mr. Chairman.

As we read it, absolutely nothing has changed in what agencies
review and what standards need to be—there has not been a
change in any of the environmental criteria by which it is just re-
quirement that each must run concurrently and efficiently as they
move through the process. So there has been no change.

The other benefit of that is it collapses the time. Instead of being
sequential, it is concurrent review and evaluation of a project. That
collapses schedule, much in the same way that we as builders col-
lapse schedule looking at concurrent construction activity to mov-
ing.

The other thing I think often goes overlooked, Mr. Chairman, is
that the program itself showing relevance to public need, when the
process is delayed from concept to delivery, when you hear at a
public hearing, I am not worried about it; my grandchildren will.
Then that project, the entire program loses relevancy to immediate
public need. If we are talking about resiliency and those other
issues that are of immediate concern, we need a program that
moves forward, and that can address those.

Thank you, Mr. Chairman.

Senator BARRASSO. Thank you.

Ms. Goldfuss.

Ms. GOLDFUSS. One Federal Decision is not a problem in the way
it is written. It is how it is administered. The whole orientation of
One Federal Decision is to make clear that the client of the Federal
Government is the project proponent. That is just one client. The
other client that is very important is the American public.

So from my time at CEQ, I was very much in favor of FAST-41
and the permitting counsel that we have. Because I do think hav-
ing guidelines, transparency, and really making sure that we are
building off the data that each agency has is important. And you
need transparency and predictability to move forward and build the
country the way we need to build it.

The problem is, you have to allow for the community engage-
ment. That is a key part and a key constituency that is not recog-
nized in the One Federal Decision.

So I don’t in and of itself have an issue; it is just with how it
is implemented, to make sure that we are continuing to keep com-
munity voices as part of that process, and as part of the timeline
and the transparency that a project proponent needs. Because if
you don’t engage the community, you run into all these problems
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on the back end. And that actually, at the end of the day, slows
down the process.

Senator BARRASSO. Thank you.

Mr. Grumet.

Mr. GRUMET. I think I will just add that we all agree that you
have to have a good process and good execution. I think the
premise of NEPA requires focus and coordination.

The one thing that Congress really didn’t imagine when NEPA
was first put in place was the variety of different Federal agencies,
all who have different opinions, different views, and different proc-
esses. So I think the most important aspect of One Federal Deci-
sion is that we have to have one Federal Government that is actu-
ally working at the same purpose.

I think you can summarize NEPA as a tale of two bridges. We
had the Tappan Zee Bridge, the Administration made it a priority,
the community focused on it, and within 11 months, a $3.9 billion
project EIS was complete, and that was an incredible success story.

Fifty miles downriver, you had the Bayonne Bridge. Just wanted
to raise the bridge, same footprint. It took 5 years to get a Federal
decision that there was no significant impact. Same process.

So I think Ms. Goldfuss is right; it is about execution. I think the
permit provisions in this bill set the right expectations for the
country.

Senator BARRASSO. Hurricane season began June 1st, puts much
of the East and Gulf Coast on warning into the fall. June through
early July is peak fire season across the West.

In my home State of Wyoming, we can experience natural disas-
ters, wildfires, as well as severe flooding, rockslides. So the toll
that these natural disasters take on our Nation’s roads and bridges
is significant.

Let me start with you, Mr. Grumet. What are the benefits that
States will see from investing in building more resilient roads and
bridges as this bill recommends?

Mr. GRUMET. Mr. Chairman, I think it is an incredible insight,
and very important to the Nation to realize that in 2019, it was the
fifth year in a row that we had over $10 billion natural disasters.
The extreme weather, being driven by climate change, and the cost
of extreme weather being driven by our economic development, are
only going to get worse. We just have to get ahead of it.

So I think as was indicated, the focus on resilience in this title
is essential. It has been determined that every dollar invested by
FEMA or HUD in resilience brings back $6 in saved costs. I also
think it is really essential that we think broadly about how we are
going to pay for our disaster resilience going forward. I think this
Committee can do a lot of good if we brought disaster relief on
budget, so that we actually thought about the full costs of our nat-
ural disasters and made the right kind of investments in resilience.

Senator BARRASSO. Ms. Goldfuss, I am out of time, so if you could
briefly respond, because as you talked about, the best time to do
something was 20 years ago; the second best time is today. I heard
the same about planting a tree; best time to plant a tree 20 years
ago; second best time is today. What are your thoughts on the resil-
ience issue, and the benefits?
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Ms. GoLDrUSS. I think it is critical, as this Committee has done,
to really focus on the States making this decision as well, because
every State is different. The impacts of extreme weather are really
regional and depend on what the conditions are in that State.

So this is really the step that needs to become the norm in the
future, as we experience more and more extreme weather. We have
the tools, we have the information to plan for this. It is irrespon-
sible to not spend the taxpayer dollars in a way that accounts for
that.

Senator BARRASSO. Thank you.

Senator Carper.

Senator CARPER. Thanks, Mr. Chairman.

I just sat here listening to our witnesses, Mr. Chairman, and col-
leagues. We usually have very, very well spoken witnesses, thought
provoking testimony, and excellent responses. But I think today it
is especially so.

I just wonder, have any of you been on a debate team? Seriously,
a debate team, in college?

Mr. Grumet, I see you raised your hand. Where did you go to
school?

Mr. GRUMET. I was at Brown University. I actually had the privi-
lege of debating with Senator Coons.

Senator CARPER. No kidding.

Mr. GRUMET. He was even good back then.

Senator CARPER. He still talks about that.

Anybody else? Maybe anybody else in the room?

Maybe we will get Johns Hopkins. Somebody in this room that
you might have come across, come up against, like Mary Frances
Repko?

Mr. GRUMET. Mary Frances—you are setting me up, Senator.
Yes, Mary Frances was a terror at the lectern.

[Laughter.]

Senator CARPER. I don’t win many arguments with her, either.

[Laughter.]

Senator CARPER. Ms. Goldfuss, were you really?

Ms. GOLDFUSS. Yes, and I also went to Brown University.

Mr. GRUMET. We didn’t get out much, so the corona crisis actu-
ally brings us back to our college experiences of basically being by
ourselves in our dorms reading our debate text.

[Laughter.]

Ms. GoLDFrUSs. Ranking Member Carper, you have to ask who
won the debate.

[Laughter.]

Senator CARPER. You can respond for the record.

[Laughter.]

Senator CARPER. This question is for all of you, we will start with
Mr. Lanham, then Jason, and then Christy Goldfuss.

Our ATIA bill includes the very first ever climate title in a high-
way bill. As some of you have noted, it makes $10 billion of invest-
ments in resilience of our infrastructure, recharging and refueling
stations to support the use of clean vehicles and planning to reduce
emissions. We added these provisions because our Committee mem-
bers on both sides of the aisle saw a need for a new program to
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help States respond to the extreme weather that they are regularly
facing.

The House today is considering legislation that would make addi-
tional investments in similar programs, although some are struc-
tured differently than our own.

A question for each of you: What are the benefits of addressing
climate risks to our transportation systems in the surface transpor-
tation reauthorization? And conversely, what are the risks to safety
and the economy of failing to address the current and future im-
pact of climate change on our roads, highways, bridges, and other
transportation systems?

Mr. Lanham, would you lead us off, please?

Mr. LANHAM. Thank you, Ranking Member Carper. I think that
the need to address climate change is now rather than later. We
talk about the severe weather, that plays right into the need to ad-
dress it.

Senator CARPER. Are you from Houston?

Mr. LANHAM. I am.

Senator CARPER. I was there, I was there right on the heels of
Hurricane Harvey.

Mr. LANHAM. Yes, you talk about building, mitigating infrastruc-
ture; we had 3 feet of water over everything. It was kind of hard
to go anywhere.

The States need to be able to adapt and use the grant program
under your ATIA in a flexible manner to approach it. But I think
this all plays to the immediate need for resiliency in our infrastruc-
ture.

But how it gets defined, leaving this broad enough so each one—
is it seismic retrofit out west, or is it flood evacuation? We can’t
lift Houston 3 feet if that much water falls. But we can see to the
safe evacuation of all because we have resilient infrastructure in
place that will allow for safe evacuation of people in the event of
a hurricane that strikes the Gulf Coast.

I think you have set up that mechanism of which each of the
States can address that to their own devices, their own peculiar
and unique needs. But it is something that needs to be pushed
now.

Senator CARPER. Thank you so much.

Mr. Grumet, same question, and I'll ask you to try to be brief.

Mr. GRUMET. I will try to be brief, and it will be difficult, because
this is a passion of mine, Senator.

I believe that the effort to integrate climate concerns and the fa-
cilitation of building new infrastructure is a real inflection point
that has truly the potential to shift the climate debate. We have
been in a terribly stalemated position in which advocates for cli-
mate change have found themselves opposing modernity, and op-
posing new infrastructure.

When you look at the scale of the challenge, we have to build
things many, many times faster, many, many times larger, many,
many times bigger than we ever have before in human history. We
are going to have to do all kinds of incredible, incredible projects.

And our regulatory structure right now does not tolerate success.
So rather than focusing on single projects and single pipelines and
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fighting about doing brown things slow, we have to have a new coa-
lition that comes together to build the future fast.

I think that the climate advocacy community, if it sees the Con-
gress moving toward solutions on climate change, will get past that
kind of resistance to building things and actually recognize that the
thing that we need more than anything to solve the climate chal-
lenge is to figure out how to modernize and facilitate faster con-
struction of new, modern infrastructure.

Senator CARPER. Thank you. Thank you for those words.

Ms. Goldfuss, please, same question.

Ms. GoLDFUSS. Just quickly, we have seen with coronavirus that
our economic system is not immune to external shocks. And climate
is going to be a huge external shock, the cost of bridges, the cost
of roads, mortgages when communities are underwater and the
homes aren’t worth as much as they were before. This is something
we have to plan for, and in building resilience into our infrastruc-
ture, we are planning to be stronger in the future.

I completely agree that the climate community has come around
to the fact that infrastructure policy is climate policy, and that we
must build bigger, stronger, and faster. But we have to have the
tools in place, and we have to make sure that the processes work.

So resilience being baked into the equation from the beginning
is essential to make sure that we have sound infrastructure and
that also we protect our economy and protect communities.

Senator CARPER. Thanks.

Mr. Chairman, we might want to invite more debate team mem-
bers to come before us. These folks are really exceptional.

Thank you.

Senator BARRASSO. And we don’t need to limit it to Brown Uni-
versity, either.

Senator WHITEHOUSE. I think we should.

[Laughter.]

Senator CARPER. What has Brown done for you lately?

[Laughter.]

Senator BARRASSO. Senator Whitehouse may have a specific rec-
ommendation regarding the best of Brown.

Senator WHITEHOUSE. We Rhode Islanders are very proud of
Brown.

Senator BARRASSO. Senator Capito.

Senator CAPITO. Thank you.

Thank you, Mr. Chairman.

I want to thank our panel. What a difference a year has made.
We know 11 months ago we approved ATIA, and in a unanimous,
bipartisan fashion it came through our Subcommittee. We worked
with Senator Cardin. And of course I appreciate the Chairman and
Ranking Member kind of pulling it over the finish line. I think
today it is now more deserving than ever that we take it, not just
{'rom the full Committee, but up to the full Senate and enact it into
aw.

I think COVID-19 has hammered our national economy. All three
of you talked about that. It has really carried cost.

Installing the investments, for example, in my State of West Vir-
ginia, driving on deficient roads costs West Virginia drivers $866
million per year, a hidden expense of about $754 per person, due
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to vehicle wear, depreciation, extra fuel. We do have some difficult
terrain at times to get around. But it can also contribute to fatali-
ties and injuries. And that costs money and obviously lives, which
is very difficult.

I think that for places like West Virginia—I am just going to
mention some that I think will be particularly important in this
bill. The Nitro-St. Albans Bridge, which is I-64 outside of Charles-
ton, and completing Corridor H, which is the last really planned
part of the Appalachian Development Highway System, which goes
through the center of our State, which has been being built for dec-
ades. We want to see that complete.

So I was proud to work with the regulatory streamlining provi-
sions that are in here. Getting the permitting is absolutely critical.

Mr. Lanham, I have been on transportation for many years. Ob-
viously here, and then over in the House, I was on the House
Transportation Committee.

We have had a lot of stops and starts over the years, where we
have had 3 month extensions, 6 month extensions, not quite as
long as even a year. I know you have been in business for a while,
and I am sure your company has been held hostage by the stops
and starts and the sputtering of those acts as we did that over the
last several years.

What kind of impact does that have on a company like yours, on
your ability to get these large projects done, if we are only extend-
ing for 6 months, or extending for 3 months? Could you make a
comment on that?

Mr. LANHAM. Senator, it is devastating to the program. One, be-
cause almost all these significant projects are multi-year projects.
So unless there is funding certainty, according to Federal rules, the
transportation plan is fiscally constrained. So unless they have the
funding in place, those significant projects fall off the immediate
plan. Or they trade funding for other essential projects and bundle
it into the one.

But the overall system loses. The effect to businesses like ours
is we lose opportunity. Then when there is reduced opportunity, we
are laying people off.

Senator CAPITO. Right. That is what I was going to ask.

Mr. LANHAM. In 2008, we laid off 30 percent of the company.

Senator CAPITO. In 20087

Mr. LANHAM. Yes, ma’am.

Senator CAPITO. Are you back up, or were you back up?

Mr. LANHAM. We are getting close, but it took a decade.

Senator CAPITO. And those are jobs that are good paying jobs;
they sustain a lot of families in Texas, and certainly across the
country.

I am interested to know, too, during the COVID experience that
you had, did you have to furlough some of your employees?

Mr. LANHAM. Senator, no. We were blessed in our jurisdiction to
be deemed an essential and critical activity. We capitalized on that.
Now, we did operate safely, and instituted all the protocols in the
workplace deemed appropriate and recommended.

And we were able to advance projects and advance the schedule
on projects because of the shutdown and the reduced traffic de-
mand. Because we are strictly a road and bridge builder. So the re-
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duced amount of cars, we advanced projects 2 and 3 months in the
schedule because of that.

Senator CAPITO. I guess there are some hidden nuggets of good
news that happened during this time.

I was interested to hear, Mr. Grumet, you mentioned pipelines.
In my State, we have two major pipelines that have been stalled
in the courts for years. I think it is unreasonable to think that to
get to the environmental goals of some of the community who think
they are all of a sudden going to be accepting of pipelines is be-
cause they fight them every step of the way. Even though they
have been lawfully, the one just went to the Supreme Court, on the
permitting process.

I am very pleased that the NDAA includes a bill that Senator
Whitehouse and I have worked on together, from both sides of the
aisle, it is called the USE IT Act. What it does is it works with the
creation of pipelines to carry that CO, to other energy producing
sites. Hopefully, that will have some impact.

But we all have to get—if we are going to modernize and build
and use our own natural resources, this pipeline stalling and using
legal tactics to really off the projects is deeply troubling to me and
my region of the country. Certainly, it has to be troubling to the
Northeast, where our resource aren’t able to help those folks up
there have more affordable energy costs.

Thank you, Mr. Chairman.

Senator BARRASSO. Thank you.

Senator Cardin.

Senator CARDIN. Thank you, Mr. Chairman, and let me thank all
the panelists. I am sorry I have to do this through the Internet,
and not be there in person to join you. But let me thank you all.

I just really want to underscore first the points that have been
made by my colleagues. Senator Capito and I have worked very
closely together in regard to infrastructure. I am very proud that
we are able to do that in a bipartisan manner to advance infra-
structure legislation. We have done that certainly on the surface
transportation. We have also done it on the Water Resources De-
velopment Act.

But I think we all understand how important the COVID-19 was
for us to move forward with infrastructure in this country. We are
still in triage, so we are still dealing directly with the pandemic,
dealing directly with the immediate economic impact. But we also
need to recognize that when we come out of COVID-19, there is
going to be a need for us to create jobs. Because many of the jobs
that were here before COVID-19 are going to be lost, and we need
to create jobs.

Investing in infrastructure helps us create jobs. And that is one
of the real pluses here. We need to have a chapter this year pass
that puts us on the growth for infrastructure improvement. At the
end of the day, when we do that, we not only create jobs, we have
a better community for the people to live in.

But here has been the key of the Environment and Public Works
Committee. This is really what I want to emphasize, because I
know we are having discussions about how we deal with resiliency,
how we deal with a balanced program, how do we deal with issues
such as transportation alternative programs. And there are dif-
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ferent views in our Committee on that. And that is understandable.
But we have been able to come together with a bipartisan product
because we have listened to each other.

So yes, we need to build roads, and build and improve bridges.
I can give you two in Maryland that need to be replaced, the John-
son Bridge, the Nice Bridge, we need to make sure we do that.

But we also have to invest in maintenance and maintain our cur-
rent infrastructure. We have to invest in transit. In Maryland, the
Purple Line is now under construction. The Purple Line is critically
important for the traffic jams that we have in the Washington, DC,
area.

So we need to invest both in roads and bridges, but also in tran-
sit. Yes, we need a very strong, robust Federal partnership, but
that can’t be dominant from the point of view of local decision-
making. But that is why the Transportation Alternative Program
is a critically important part of our Surface Transportation Act.

Bipartisan efforts; I was on the phone earlier this week with our
tourism industry. Obviously, it has very much been impacted by
COVID-19. But they stressed to me the importance of TAP funding
in order to deal with local priorities that can help their local econ-
omy and a better quality of life for the community that they serve.

So we have to be mindful of that. We also need to have opportu-
nities where it is appropriate for public-private partnership. These
are all issues that we want to deal with.

But the issue that—I just heard the last discussion with Senator
Carper, dealing with resiliency, dealing with adaptation, dealing
with smart transportation alternatives for our environment, such
as electric vehicles. All that needs to be part of a balanced package
so that we can continue to enjoy strong, bipartisan support for a
robust infrastructure program that can pass the Congress and be
signed into law.

I want to ask Ms. Goldfuss a question, sort of to tail onto some-
thing you have already talked about. And that is, there is always
the issue of whether it is going to be good for the environment or
good for our economy. I think that is a false choice, and I want to
give you an opportunity to explain how when you invest in smart
environmental policies, including in transportation, it is actually a
plus for our economy. I will give you an opportunity to expand on
that if you might.

Ms. GorLDruss. Thank you, Senator. It is absolutely a false
choice, and the American public believes that. If you have good gov-
ernance, if you have a Federal Government that knows how to
move through a process, then you can have both good community
engagement and understanding of the clean water impacts, the
clean air impacts that are going to come from a project. You also
will understand how to use the taxpayers’ money in a sound way.

But that is the bare minimum that the American public expects,
that they are going to have clean air and clean water, and they are
going to have safe bridges and safe roads. So to say that one has
to be sacrificed for the other, or that one needs to be put aside for
the other, is wrong on both sides. We have got to do them both.
That is the expectation. And with the processes and a strong gov-
ernment that understands how to move through the process and
engage the public, you can have both.



60

Senator CARDIN. Thank you very much.

And thank you, Mr. Chairman.

Senator BARRASSO. Thank you.

Senator Boozman.

Senator BoOoZMAN. Thank you, Mr. Chairman, and thank you
and Senator Carper, for holding this hearing, which is so impor-
tant.

Mr. Lanham, as you know, America has a complex transportation
system in dire need of repair. Without our Nation’s rail network,
barges, and trucks, much of our economy would become stagnant.
We all agree on the importance of infrastructure investment, but
if we rely too heavily on one mode of transportation, we do our-
selves a disservice.

When commerce is strong, it is because of our intermodal system.
I believe it is important that we invest in all of its components.

Will you explain how water, road, and rail all rely on each other
in a cost effective and efficient commerce system? In fact, I think
J.B. Hunt—their headquarters happens to be about 5 miles from
where I live—I think they are one of the biggest customers, maybe
the biggest customer, of the railroads in the sense of the ability to
use containers on trucks and rails and how that works together.

Mr. LANHAM. Senator, we have a multi-faceted transportation
network. It is probably a lot more complex than most people would
even realize. When it comes to the movement of goods and services,
rail, truck, rails out of ports to distribution centers onto trucks, just
exactly as you described, Senator. With regard to much of our pub-
lic infrastructure, it is also the conveyance of clean water in our
water system.

So the importance of water right now, just to leave a point, is
probably in—we refer to it back home in Texas, it is the new gold.
Without water, we have no life. It is an essential element. It is part
of our infrastructure network that we critically, critically need to
take care of. It almost always occupies the public right of way that
holds a road, almost always, somewhere.

So they are both so significant in purpose to when we talk about
the quality of life of Americans in our infrastructure investment in
the broadest sense, that is exactly what we are saying. Clean
water, great transportation network, affordable goods and services
to the average citizen. They can enjoy a quality of life that is un-
precedented. We have grown to expect that in this Nation, and we
need to continue that investment.

The challenges that we face are going to require unprecedented
levels of investment.

Senator BOOZMAN. As we have on time delivery, things like that,
the efficiency being so much greater than it used to be, what does
that do for the environment?

Ms. GOLDFUSS. Yes, for the environment, it is important to have
the information about where the projects are going to be. That al-
lows you to understand what places should be protected, what
places are necessary for clean water and clean air, and where we
can actually have development that will be——

Senator BoOzZMAN. As far as just moving goods and services effi-
ciently, where you are not running your truck or your, the ineffi-
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gie?ncies on our waterways that occur sometimes, what does that
07

All of this, again, working together, if we have system that works
well, works efficiently, we get rid of the areas of congestion that
we have that, again, the on time delivery system, which has been
such, we have experienced some problems with that, with COVID.
And we need to address that in the future.

But the system really does work very well. So getting these
things right, besides being more efficient, more cost effective and
things like that, it is also very helpful for the environment, too.

Ms. GoLDFUss. Certainly, the grant programs that you have in
this bill around ports and around diesel emissions reduction, any-
thing that is more efficient reduces pollution. And that clearly re-
duces the impact in the environment. That is going to be essential
for us to get those systems right, so that we are able to calibrate
and make sure that we get those pollution reductions that we need.

Senator BoozMAN. OK. Very good.

Thank you, Mr. Chairman.

Senator BARRASSO. Thank you very much.

Senator Whitehouse.

Senator WHITEHOUSE. Thank you, Chairman.

First, let me welcome not one but two Brown University grad-
uates. This is a big day for Rhode Island in the Committee.

And let me thank the Chairman for his concern for bipartisan-
ship in infrastructure. I think that the Chairman’s concern for bi-
partisanship in infrastructure could well be met by a conference be-
tween the Republican controlled Senate and the Democratic con-
trolled House on an infrastructure bill if we can get it through the
Senate floor. So I am all for getting our bill through the floor, and
moving to conference.

My question for the witnesses has to do with geography. As you
know, Rhode Island is a very coastal State.

Thank you, Chairman, for mentioning hurricane season, some-
thing that does not hit landlocked Wyoming, but is a big deal for
our coastal States.

I wanted to consider some of the things that we face on coasts.
We oversee the Army Corps here. If you can believe it, there is a
fund at the Army Corps called the Flood and Coastal Damage Re-
duction Fund. But if you look at how much of the money in it gets
spent on coasts, on a good year, it is $1 out of $20. In a bad year,
it is $1 out of $120.

So here is the Army Corps in theory having this fund for coasts,
and ignoring coasts almost completely.

We have just passed, with my support, the Land and Water Con-
servation Fund. I am very sorry that we were not given the chance
to add a bipartisan amendment that would have passed to increase
funding for coasts. Because as we know, the Land and Water Con-
servation Fund is an upland and inland program. For every dollar
that goes to inland States, only 40 cents per capita goes to a coast-
al State.

And in the coastal State, a lot of that 40 cents gets spent in
Texas, in Pennsylvania, and New York, on projects that are not
coastal. So if you dig deeper, the bias in the Land and Water Con-
servation Fund against coasts is far worse than the two to one that
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you would think, just looking at the States themselves. Unfortu-
nately, we weren’t able to get anything for coasts until the Land
and Water Conservation Fund.

On wind energy, we see in Wyoming and across the country wind
energy development happening very rapidly. In our coastal States,
with one exception, Rhode Island, we have offshore wind energy
that is completely tangled up in siting, and we have a Trump ad-
ministration that seems only to care about environmental concerns
when it can put them in front of offshore wind. Because what off-
shore wind does is it displaces natural gas, and the people making
these decisions come straight out of the fossil fuel industry.

So again, coasts are getting treated like second class citizens.

Of course, we face things that other States don’t, which is that
our shores will actually disappear. We are actually going to lose
parts of our State to sea level rise.

I would like to put a recent article from the Providence Journal
titled Rising Threat: New Study Finds Thousands More Properties
at Risk of Flooding, into the record, Mr. Chairman.

Senator BARRASSO. Without objection, so ordered.

[The referenced information follows:]
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Rising threat: New studly finds thousands more properties at risk of f..ag in 100-ysar storm - News - providencejournal.cosm - Providence, RI 6/26/20, 4:38 PM

Joiiviial

Rising threat: New study finds thousands more properties at
risk of flooding in 100-year storm

Journal Staff Writer
Posted Jun 28, 2020 at 1:28 PM
Updated at 9:29 AM

PROVIDENCE — Thousands more properties in Rhode Island are at risk of flooding from an
extreme storm than is estimated by the federal government in maps used to determine insurance
protection, according to a report released Monday by a nonprofit research organization that

collaborated with dozens of scientists from around the country.

The study by the New York-based First Street Foundation found an additional 2,558 properties in
the state at risk of flooding in a 100-year storm, one that has a one-in-100 chance of happening in
any year. The total number of at-risk properties calculated by the organization is 26,478, an 11%
increase over the number modeled by the Federal Emergency Management Agency in flood

insurance maps.

And while FEMA does not incorporate climate change projections into its maps — basing its
assessment only on historical data — the First Street study looked forward to the coming decades,
estimating that, as sea levels rise and the atmosphere warms, the number of at-risk properties in
Rhode Istand would climb to 28,423 in 2035 and to 30,368 in 2050. The latter number represents
7.9% of all properties in the state.

The research projects forward to 2050 because that is when a traditional 30-year mortgage issued
today would expire. Any increase in flooding risk increases the risk taken on by lenders and could
have wider implications for the nation’s housing markets. It could, for one, make it harder to geta

loan, according to research from the Federal Reserve Bank of San Francisco.

https://wwe.provi j : 2ws/20200628/rising-thr is-me perties-at-risk-of-flooding-in-100-year-storm Page 10f &
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The risks are also threatening the value of millions of coastal homes, according to the Union of
C d Scienti

$44.7 million in appreciation between 2005 and 2017 because of increases in tidal flooding caused

Previous research by First Street estimated that Rhode Island properties lost

by sea-level rise.

The new flooding data for Rhode Island were released as part of a nationwide study done by

First Street and more than 80 partners at Columbia University, the Massachusetts Institute of

Technology, Rutgers University and other research institutions. Their model determined that 14.6

hitps:/fwww.provi i 20200628 rising-threat 10re-properties-at-risk-of-tlooding-in-100 torm Page 2 0f 9



65

Rising threat: New study finds thousands more properties at risk of f..ng in 100-year storm - News - providencejournal.com - Providence, Rl 6/29/20, 4:38 PM

million properties nationwide are at substantial risk of flooding today — a 70% increase over the
FEMA estimate. The First Street number grows to 16.2 million by 2050 because of climate- change

impacts.

As part of its work, the First Street team also launched a website that allows property owners to
research flooding risk. Users can enter an address to view a “Flood Factor,” a score from 1 to 10
that assesses the cumulative risk over a 30-year mortgage, or the chances of some flooding at any

time over the course of that time period.

dF

maps to see the extent of flood waters, and look at potential remedies that may include raising

The interactive tool, found at Fl m, will allow users to estimate depth of flooding, view

structures higher off the ground. It will be updated with new data every three months.

The flood maps drawn by FEMA have been under fire for years. Critics charge that they are
outdated, fail to account for changing conditions, and that the process to delineate flood zones is

prone to political interference.

Matthew Eby, founder and executive director of First Street, said the new study and online tool are
aimed at educating the public about the flood risks to their properties and how those risks could be
affected by climate change. Until now, the data was only available to big institutional investors

with the resources to pay for it, he said.

“What we're hoping to do is twofold: one is democratize this data so that everyone has it and has
the ability to understand their personal flood risk,” Eby said. “And two is then you have the

information and you actually can protect your property.”

The data for Rhode Island offer a mixed bag. While First Street found a net increase in the
number of homes at substantial risk, it actually adjusted FEMA estimates downward in Bristol,
Newport and Washington counties, places with extensive shorelines that are generally seen to be
most threatened by flooding in Rhode Island. But increases in Kent and Providence counties
outweighed those reductions, leading to a higher number of at-risk properties for the state as a

whole.

https: .providencej 0 ising-th .t rore-properti isk-of-tlooding-in-1 m Page 3 of 9
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Jeremy Porter, director of research and development at First Street and a professor of sociology
at the City University of New York, said that as a broad rule the FEMA flood maps overestimate
the number of at-risk homes in coastal areas and underestimate the number in inland areas. The
FEMA maps in many instances are broadly drawn, encompassing properties or even whole
neighborhoods that may not be at risk, or vice versa.

First Street’s study uses laser radar data and other information from the U.S. Geological Survey and
the National Oceanic and Atmospheric Administration to give their maps a higher resolution,
Porter said. The differences with the FEMA maps are especially stark in places far from the coast,
where flooding from rivers is the main threat.

https:/fwww.provi j 0 ising-1h .nch properties-at-risk-of-fiooding-in-1 m Page 4 of 9
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How Providence compares to nearby counties.

Properties Total
infload properties Percentin
COUNTY Zone inCounty Flood Zone
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Rhode Island is no stranger to innovative flood maps. Because of the perceived weaknesses in
FEMA’s maps, the state Coastal Resources Management Council and the University of Rhode

Island have collaborated for years on a project to develop alternatives.

T

address and get projections for flooding in various sea-level rise and storm scenarios. They also

The results so far include an interactive website called St Is in which users can enter their

include the Coastal Environmental Risk Index, a series of color-coded maps that estimate flood

damage to structures in the most vulnerable parts of Rhode Island.

https: provi j 20 ising-threat ore-propert isk-of-tloeding-in-100 m Page 5 of §
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quantify how sea-level increases in coming decades could ramp up damage to structures in Rhode

Island and in turn calculate the amount of protection that could be offered by raising structures

above floodwaters.

When shown the First Street study, Malcolm Spaulding, emeritus professor of ocean engineering
at the University of Rhode Island who co-led the project with the coastal council, questioned some

of its findings for Rhode Island, saying that it underestimates the risks in coastal areas.

Grover Fugate, the former director of the coastal council who retired in May after more than three
decades in charge, said there are instances in which FEMA has overestimated the threat of
flooding, In one instance, in Bonnet Shores, in Narragansett, the FEMA map assumes waves

impossibly coming around a rocky point to cause damage, he said.

But he and Spaulding both said that the federal agency also underestimates wave heights in general
and underestimates the size of potential surges coming up Narragansett Bay, which would gather
height as the Bay narrows. That amplification effect is one of the reasons why URI and the coastal
council believe low-lying Bristol County to have some of the most vulnerable areas to flooding in
Rhode Island,

In the First Street study, Providence, Warwick and Cranston have the highest numbers of at-
risk properties. But the communities with the greatest proportion of properties at risk are
Charlestown, Central Falls and Newport.

hitps:/ it it 20! isis hreat: JOaLe e-propert isk-of-fl ing-in-1 ™ Page G of 9
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In Charlestown, a beach community that opens onto the Atlantic Ocean, a quarter of the properties

are at risk today. By 2050, a third of the properties would be at risk, according to the projections.

Doug Gablinske, owner of the real estate appraisal firm AppraiseR], said the study bolsters the case
that increasing flood risks will affect property markets, but he cautioned that in Rhode Island he
and others in the industry have yet to see empirical evidence of an impact. Appraisals are based on

the market value today, not what it could happen in the future, he said.

https:/fwww.provi j . 20 ising-threat-new-st... e-properti isk-af-flooding-in-1 torm Page 7 of 9
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“Anecdotally, being in a flood zone has forced buyers to look more critically,” Gablinske said. “But

we have not been able to prove an impact by market data.”

Fugate said property owners must understand the risks that will come with a higher frequency of
extreme storms caused by warming of the atmosphere and oceans and with sea-level rise that will
increase the height of storm surges. With two feet of sea-leve] rise, for example, the surge from a

20-year storm in the future would look like one from a 100-year storm today, according to a

planning document written by the coastal council and URI.

But the changing conditions shouldn’t only mean that everyone has to pull back from the coast,
said Fugate. People can take steps to protect their properties, such as moving mechanical systems
up above the ground, or, if theyre building from scratch, raising the whole house up.

“There are sites that can survive, but you need to design for these conditions,” he said. “Let’s

recognize what it is and let’s build for that.”

akuffner@providencejournal.com

(401) 277-7457

On Twitter: @KuffnerAlex

hitps: provi j 20200628 rising-thraat et properties-at-risk-of-flooding-in-100-year-storm Page 8 of 9
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research by the First Street Foundation
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In Kent County, First Street identified 659
additional properties at risk of flooding
compared to FEMA's data.
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Senator WHITEHOUSE. So my question to the panel is, should we
not be focusing a lot in infrastructure on coasts? Not just the infra-
structure that is at risk along the coast, but also the infrastructure
that can support them as they take the beating that climate change
has steering toward them right now.

Mr. GRUMET. Senator, on behalf of the whole panel, I can assure
you that we all believe that coastal preservation and resiliency is
essential.

I want to pick up quickly two points you made. You mentioned
offshore wind. I think offshore wind is the poster child for what we
need to do to improve our permitting structure in service of a sus-
tainable climate. We have an incredible resource base in this coun-
try for offshore wind. They are building offshore wind in Europe.

We do not have a technological challenge in this country.; we
have a bureaucracy challenge in this country. And if we can’t figure
out how to streamline and modernize our permitting system, we
are going to lose that incredible opportunity, both economic oppor-
tunity and environmental opportunity.

I would step back and think more broadly about our disaster re-
lief system in general. It tends to be kind of a mess. It tends to
be a mess because we focus on disaster relief mostly in the middle
of natural disasters, which of course the worst time to be thinking
about forward looking cost-benefit analysis and planning. It is the
time you have to be thinking about people who are suffering imme-
diate harm.

I think one of the problems, as I mentioned earlier, is we don’t
pay for our disasters. We are surprised year over year by very pre-
dictable events. We do emergency off budget funding. And we try
to raise money, but do not do the kind of rigorous planning that
you are suggesting is necessary.

If we had to grapple, if this Congress had to grapple with appro-
priating a trillion dollars of disaster relief funds, I think that would
focus the mind in a different way. I think you would start to see
a more equitable resource allocation that I think would probably
address some of your concerns about coastal resources.

Senator WHITEHOUSE. Mr. Chairman, I am over the time, so if
I could ask the other two witnesses to respond as a question for
the record, I would appreciate it.

And if I may take a Rhode Island moment, I would like to say
that there is a reason that the only offshore wind located anywhere
in the United States is sited in Rhode Island. It is because Rhode
Island figured out how to solve the siting problem.

It really wasn’t all that complicated. It begins with bringing ev-
erybody who has an interest in the location into the same room and
sorting out the really obvious stupid questions, getting them off the
table, getting them all sorted out before you begin the application
process. And then you can use the process to sort through further
details.

Unfortunately, both the other companies that came into this
process, including a Massachusetts company that should have
known better, and the Administration, despite having that winning
program right in front of them, that process right in front of them,
decided to go completely different ways. As a result, we are still all
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totally bolloxed up. It is unfortunate. I hope that it is not also driv-
en by a bad motive.

Thank you.

Senator BARRASSO. Thank you so very much.

Senator Booker.

Senator BOOKER. Thank you, Mr. Chairman. I appreciate this
hearing more than you know. It really is incredible for me to see
the depth and level that we have of bipartisan spirit here.

I heard a mention earlier of the Bayonne Bridge. I remember
how frustrated I was to see a lot of the challenges we had in terms
of getting a lot of the approvals necessary for projects that were ut-
terly essential.

And so I just want to first and foremost ask the panel to reaffirm
something that I really believe, that there is a large bipartisan
sense of urgency in our country to do what is necessary in this
area. We are a Nation that, this is not a left or a right issue, it
is really about moving forward.

I know this was mentioned earlier, but if you could specifically
talk about this false dichotomy between affirming the environ-
mental urgencies of this moment and making sure that we also get
projects done in a timely way that honors the taxpayer dollar.

I know that there are issues; the Eisenhower Highway Act would
be about a trillion dollars’ worth of infrastructure investment if it
was done today. But we wouldn’t get as far today because of a lot
of the challenges of approvals and the like.

But I really do believe that there is a resonance between stream-
lining and looking forward and getting major projects done.

In New Jersey, there is an outrageous urgency, for example, to
get the tunnels under the Hudson River, it has been at the heart,
at the center of so much of my work, working across the aisle with
then-Governor Chris Christie, and Democrat Chuck Schumer, to
get us all on the same page, to create a streamlining process to get
something done quickly that ultimately, when done, will have a
massive environmental positive impact on our region.

So I just react against a lot of the gridlock, and I am really work-
ing to smooth the sort of partisan fissures to get things done. I
would just love to have the panel affirm that sense of urgency I
feel, and that sense of conviction I feel that this is not a left or
right issue.

This is about moving our Nation forward, about seizing opportu-
nities, about adding to our economy, and ultimately, frankly, it is
about making sure that we seize the chance to show that infra-
structure and the environment are not only resonant, but we can-
not deal with our climate change challenges without forging ahead
far more aggressively on the infrastructure projects, major infra-
structure projects in our country.

If the panel would comment on that, I would appreciate it.

Mr. GRUMET. Senator, this is Jason Grumet. If I can just jump
in. I think the urgency is there, and the opportunity is there, but
it is going to have to be seized by this Committee.

For too long, those who have been focused on infrastructure have
been disinterested in climate change. And those who have been fo-
cused on climate change have been disinterested in infrastructure.
We are all losing. We are not solving the climate problem, we are
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not increasing the strength of our economy, and we are not ad-
dressing our resiliency issues.

This Committee has taken a very bold, and modest, but very bold
step to reconcile those two different views. I think the combination
of our economic crisis, which is not going to be a V shaped recov-
ery, and the growing bipartisan appreciation that we have a cli-
mate crisis, which we can solve with a broad based set of solutions,
not just renewables and energy efficiency, but a broad based, non-
carbon set of solutions that include nuclear power and CCS and
battery storage. I think we are at moment now, at an inflection
point, where we can get our arms around this whole debate and
really push things forward.

But we are not on track toward success. We have made tremen-
dous strides in renewable power. It is now about 10 percent of our
overall on the grid. We now have to get from 10 percent to 80 or
90 percent in 30 years.

So I do not believe we will seize this moment unless this Com-
mittee leads the effort to reconcile a shared climate vision.

The climate change issue has been a proxy fight in infrastructure
project after infrastructure project. It is a losing battle, because it
is not solving the climate problem, and it is not solving our eco-
nomic problem. So I think there is a real important accomplish-
ment in this piece of legislation that we really need to focus on and
build upon, and build upon quickly.

Senator BOOKER. Thank you.

Anybody else who would like to comment?

Mr. LANHAM. One brief comment, Senator. The environment and
meeting the public need for infrastructure is not mutually exclu-
sive. We know that and understand that. But for both sides now,
what we have to have is a process where there is accountability.

We all can tell war stories on both sides of the issue. The abuse
of the system and abuse of the process would either work to the
detriment of the environment or work to the detriment of a public
improvement. That is not what this Committee is about, and there
needs to be accountability in the implementation of the vision this
Committee is putting forward. Without that accountability, we are
going to continue to stumble and have these problems in the execu-
tion.

Senator BOOKER. Ms. Goldfuss, before you answer, I want to
throw one more question on top for you.

I was a former mayor who was in office during the Great Reces-
sion. I know firsthand that during economic downturns, like we are
in right now, local governments face challenges.

Right now there is an additional need for Federal infrastructure
investment to rebuild our Nation’s infrastructure, frankly, and ad-
dress a lot of the economic challenges we have. It is one of the best
times to spend money because the cost of capital is so much cheap-
er.
I just want to get a little bit deeper with you on the old rail tun-
nels and the related infrastructure between New York and New
Jersey. This literally is where the Northeast region, which is one
of the greatest economic regions on the entire planet, it is among
the most critical infrastructure projects we have in our country
right now. I believe that our whole country really is relying upon
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us, on the busiest rail corridor in all of North America, in doing
something urgently.

This is a project I want you to comment on. Because if we do not
act immediately to advance the Gateway Program, not only will
New Jerseyans continue to suffer and see regional economic harm,
but it will cause a harm to the entire Northeast region because of
the countless hours of delay that we see, from affecting individual
families, to regional economy. Should the tunnel shut down, it
would be cataclysmic in terms of the effect on the economy, costing
us about $100 million each day.

On the other hand, though, on the positive side, every dollar that
we invest in the Gateway Program provides $4 in return to our
economy. So in this time especially this project will create jobs,
boost the economy, improve safety and the quality of life for New
Jersey commuters.

So I just want to ask you, in addition to the previous question,
and then I will cede my time, but can you discuss the need for, on
large scale projects like this, of national significance, in the context
of a comprehensive Federal plan for stimulus economic recovery?

The Gateway Program in particular, it is important to note that
these tunnels are just an example of the importance and effective-
ness of NEPA, the NEPA process when it comes to large scale in-
frastructure.

So it is incredible that we have so many stakeholders nationally
in a project like this, but we are still struggling with something as
simple as an environmental impact statement with the Department
of Transportation. I am so frustrated that we are years into this
Administration and it continues to refuse to even finalize an envi-
ronmental impact statement which will allow us to go forward.

So I am just hoping that, Ms. Goldfuss, you could comment on
that frustration as an example, frankly, of how the lack of effi-
ciency within our bureaucracies, and this truly profound impact it
has on economic development on jobs, on the environment as well.

Ms. GOLDFUSS. Senator, I would just speak to your project and
also the offshore wind projects that Senator Whitehouse raised. In
both of these cases, there was very concerning evidence that poli-
tics has come into play in the environmental review process. Sec-
retary Bernhardt is hugely critical of the environmental review
process, yet decided to slap an entirely new set of environmental
reviews on the offshore wind projects. It makes no sense.

Similarly, with the Gateway Project, we have clear evidence of
the Trump administration and officials joking about slowing down
the environmental review for the Gateway Project.

I know this Committee does not believe that politics should be
involved in these major, major infrastructure projects that would
put people back to work. I am hoping that we are seizing on a mo-
ment here where we need to put people back to work. There is an
understanding that we need funding and investment in commu-
nities to do that. And we will find a way to remove the politics, un-
derstanding that jobs, whether they are around New York City,
jobs offshore in Rhode Island, jobs in Wyoming, in any part of this
country are going to be essential to the recovery coming out of this
recession.
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Senator BOOKER. I will just say in conclusion, this is so utterly
unacceptable, that something as simple as an environmental im-
pact statement, which we have been waiting for for 2 years, this
is clearly an example of not just bureaucracy, but playing politics
with the most important infrastructure project in North America,
and arguably because of its economic impact, not to mention its en-
vironmental impact.

Just to travel from Boston to Washington, DC, we now move at
half an hour slower than we did in the 1960s on the busiest rail
corridor in America. It is absurd. It is unacceptable.

China has built 18,000 miles of high speed rail. Our busiest rail
corridor in America moves half an hour slower than it did in the
1960s.

I am tired of the politics. This is outrageous. I have been working
in a bipartisan manner with people on this Committee and others,
with Roger Wicker and others, to advance this project, to change
legislation, to get everything done.

Now we are facing hold ups within the Trump administration
that are pure politics. There is no way to deny that. You can’t even
get this environmental impact statement. It is frustrating.

When this whole Committee hearing is talking about smoothing,
expediting, getting things done, for the sake of our Nation and pa-
triotism, it is so offensive to me that this project is being stalled
because of politics, and really unacceptably hurting this country,
our deconomy, and the well being of families in New Jersey and be-
yond.

I will submit the rest of my questions for the record.

Thank you.

Senator BARRASSO. Thank you very much.

Senator Carper.

Senator CARPER. Thanks, Mr. Chairman.

I ask unanimous consent to submit into the record a letter from
scholars across disciplines, which studied the National Environ-
mental Policy Act in Federal decisionmaking. In short, the data
that they have pointed to is even starker than we have been dis-
cussing.

According to the research, far less than 1 percent of projects in-
volve lengthy delays. Moreover, factors other than NEPA will likely
contribute to the overall duration of these projects as well.

Senator BARRASSO. Without objection, so ordered.

[The referenced information follows:]
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June 29, 2020
Dear Chairman Barrasso, Ranking Member Carper, and Committee Members,

We the undersigned academic researchers understand that the Senate Committee on Environment and
Public Works is holding a hearing on July 1, 2020, titled “Better, Faster, Cheaper, Smarter, and
Stronger: Infrastructure Development Opportunities to Drive Economic Recovery and Resiliency.”
We comment as scholars across disciplines who study NEPA and federal decisionmaking. We are all
mvolved in a long-term project called NEPAccess, which is described at the end of this letter.

We write to address one relevant aspect of federal decisions related to infrastructure and other
projects: The time required for agencies to produce an Environmental Impact Statement (EIS) to
satisfy the National Environmental Policy Act (NEPA). Any consideration of amending NEPA to
speed federal projects should be data driven. The data we provide constitute an important component
of understanding the NEPA process.

In summary, this letter provides the following data:

¢ The midpoint, or median time for an agency to complete an EIS process is 3.6 years. A few
projects that involved lengthy EIS processes are not representative.

¢ The initial phase of the EIS process—from Notice of Intent (NOI) to Draft EIS (DEIS)—is
the most significant determinant of overall time to completion. The opportunity for the public
to cornment on a DEIS is less of a factor.

¢ The final phase of the EIS process-—from Final EIS (FEIS) to Record of Decision (ROD)—
lasts longer than required by NEPA indicating that factors other than NEPA contribute to
overall duration.

NEPA requires an EIS for “major federal actions that significantly affect the quality of the human
environment.”! The vast majority of federal actions do not require an EIS; the non-partisan
Government Accountability Office has estimated that federal agencies rely on EISs to comply with
NEPA for less than 1% of federal projects.?

Nonetheless, concerns that NEPA may unduly delay federal decisions often focus on examples of
EISs that have taken many years to complete. Concerns are also sometimes raised that NEPA’s
public participation requirement results in undue delay.

The analysis we offer is based on data contained in a spreadsheet posted on the Council of
Environmental Quality (CEQ) website providing information about all EISs published in support of
RODs signed between 2010-2017. The spreadsheet consists of 1,161 EISs published by 51 lead
agencies.

142 US.C. §4332(2)(C).

2 U.S. Government Accountability Office, GAO-14-370, National Environmental Policy Act:
Little Information Exists on NEPA Analyses 8 (April 2014).

3 https://ceq.doe.gov/docs/nepa-practice/ CEQ_EIS Timeline Data _2020-6-12 xlsx

1-
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During this seven-year period, the average EIS process lasted 4.5 years—measured from NOIs to
RODs. That average is, however, significantly affected by the long duration of a small number of
what may be large, complex projects. The midpoint or median duration of EIS processes was 3.6

years. The duration of the EIS process was less than 2.2 years for 25% of projects and less than 6

years for 75% of projects. Figure 1 graphs these data and indicates that the distribution of projects
has a long “tail” with a small number of projects requiring substantially more time than most.

Figure 1: Length of the EIS Process [in Years)
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The data in Figure 2 indicate that the initial phase of the NEPA process—from the publication of an
NOI to DEIS—is the largest contributor to overall duration, accounting for 84% of the observed
variation. The average time from NOI to DEIS was 2.6 years, the median time was 1.9 years, 25% of
projects completed this phase within 1.1 years and 75% percent of projects completed this phase
within 3.4 years.

In comparison, the time from the DEIS to the FEIS— during which agencies are required to allow
the public to comment—the average was 1.4 years, the median was 1 year, 25% of projects
completed this phase in 0.6 years and 75% of projects completed it within 1.7 years. During this
phase of the EIS process, the CEQ regulations require that (1) the public has an opportunity to
comment on the DEIS, and (2) the lead agency responds to public comments.*

The contrast between these two phases of the EIS process indicates that agencies’ obligation to solicit
and respond to public comments on DEISs is not the most important determinant of the duration of
the EIS process.

The data in Figure 2 also indicate that the time required for agencies to make decisions is not always
attributable to the NEPA review process itself. Federal regulati_ons generally require that an agency
must wait 30 days after publication of an FEIS to sign a ROD.” That pause affords the agency with

f'40 CFR. §1503.1, 1503.4.
40 CFR 1506.10(b)2). Agencies may be exempt from the 30-day waiting period if they have

an internal process through which the public may appeal the agencies’ decisions. /d.
§ 1506.10(b).

-
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the opportunity for further internal deliberation before deciding but does not implicate any procedural
obligation of NEPA.

Nonetheless, this phase lasted more than 10 months for 150 projects and more than two years for 41
projects. NEPA compliance is unlikely to have caused agencies to issue a ROD more than 30 days
after publishing an FEIS, indicating that considerations unrelated to NEPA account for this delay.

These data raise questions about the extent to which the amount of time involved in other phases of
the NEPA process is influenced by considerations unrelated to NEPA compliance, and relatedly, the
extent to which amending NEPA will speed agency decision-making processes.

Figure 2: Length of Major Phases of the EiS Process {in Years)
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The data we have discussed provide a fuller picture of the time required for EISs that support the
broad array of federal decisions to which NEPA applies than references to a few unrepresentative
projects involving lengthy delays. Other important questions remain, however, that the data provided
by CEQ do not answer. For example, a full understanding of NEPA would require, among other
things, data about NEPA compliance at different federal agencies, data about different categories of
projects, and data about the relationship of cooperating agencies to the duration of the EIS process.

The NEPAccess project is designed to study and inform these and other questions. NEPAccess is a
multi-disciplinary research effort at the University of Arizona and funded in part by the National
Science Foundation to create an integrated knowledge, discovery, and engagement platform that
provides access to geo-referenced, published EISs {(more than 37,000) and their supporting
documents and to enable analysis using cutting-edge data science and natural language processing
techniques to answer here-to-fore unanswerable questions about how NEPA has functioned.

More information about NEPAccess can be found at nepaccess.org.
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Any effort to reform NEPA should be informed by data. We are committed to developing and
analyzing policy-relevant data about the NEPA process and look forward to future opportunities to

present our work to this Committee.

Sincerely,

(All of the following are signatories in their personal capacity only. Institutional affiliations are

included for identification purposes only.)

Buomsoo Kim

Ph.D. Candidate

Eller College of Management
University of Arizona

Elizabeth Baldwin, Ph.D.

Assistant Professor

School of Government & Public Policy
University of Arizona

Steven Bethard, Ph.D.
Associate Professor

School of Information
University of Arizona

Kirk Emerson, Ph.D.

Professor of Practice

School of Government and Public Policy
University of Arizona

Laura Lopez-Hoffman, Ph.D.

Professor, School of Natural Resources and
Environment

Research Professor, Udall Center for Studies
in Public Policy

University of Arizona

Aaron M. Lien, Ph.D.

Assistant Research Scientist

School of Natural Resources and the
Environment

University of Arizona

Robert Merideth

Senior Researcher, Lopez-Hoffman Lab
Editor in Chief (ret.), Udall Center for Studies
in Public Policy

University of Arizona

Mare L. Miller

Dean & Ralph W. Bilby Professor of Law
University of Arizona James E. Rogers
College of Law

Justin R. Pidot

Professor & Co-Director of the Environmental
Law Program

University of Arizona James E. Rogers
College of Law

Sudha Ram, Ph.D.

Anheuser-Busch Endowed Chair of MIS,
Entrepreneurship & Innovation
Professor of Computer Science

Director, INSITE Center for Business
Intelligence & Analytics

Department of MIS

Eller College of Management

University of Arizona
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Senator CARPER. Thank you, sir.

One question, if I may, for Ms. Goldfuss, please. In your written
testimony, you cited a report by the Rhodium Group that was re-
leased on June 29th, 2020, I guess it was just a couple of days ago.
As you stated the report found that, “The average Black American
is exposed to 46 percent more diesel particulate matter emissions
and 22 percent more air toxic respiratory hazards than White
Americans.”

Given those statistics, it seems that where and how we engage
with communities to build new roads in the future could help re-
duce this kind of pollution exposure.

My question is simply, would you discuss how the existing NEPA
processes, when conducted appropriately, could help communities
address environmental injustices in transportation projects as well
as build infrastructure more expeditiously and save taxpayers
money, please?

Ms. GoLDFUSS. Thank you. When we conduct community engage-
ment in an appropriate way, we identify the problems before we
even start to build. So what are the concerns that a community
raises about pollution, about location, about impacts to the costs of
their community?

In addition to that, we are able to share data about the particu-
late matter that is expected from a particular project, or about the
other toxic pollution that could be a part of whatever development
we need.

Last, we are able to look at how that is layered upon the other
development and the other impacts in that community.

I always talk about Mossville, Louisiana, which is surrounded by
12 petrochemical plants. It is in Cancer Alley. This particular com-
munity, it would be insane to propose another project, another in-
dustrial project, without looking at how you are adding to the over-
all toxic burden of that community, rather than some place in a re-
mote place where this would be the only facility.

So when the NEPA process has done well, when we are building
off of data from different agencies, and we are incorporating the
feedback from communities, you get to a place where you are able
to resolve problems, so that a project can go faster, and that you
are able to understand what the impact is and what the concern
is going to be at a local level before you get too far down the road,
and site the project in a place where you will have the least
amount of conflict.

So I know that is the rosiest vision of how NEPA would work.
But that is how it should work. If we have the tools, and there are
tons of data tools, state of the art tools that we can use to expedite
that process. And we have the will of a Federal Government that
wants to listen to the people, not just the companies.

Mr. GRUMET. Senator Carper, can I just add that in addition to
the project focused decisionmaking, we know we have two impera-
tives. We have an absolute imperative to build major projects very
quickly. And we have an imperative not to exacerbate disparate im-
pact on communities of color that have been burdened by environ-
mental justice concerns.

We don’t have to wait for a project to be proposed to understand
the scope of these two challenges. What Congress tried to do in the
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2005 Energy Policy Act was look forward and say, Where should
we build things? What are the critical corridors? How do we step
back and say, We are going to need thousands of miles of power
lines and pipelines and battery storage facilities and renewables.
Where are the right places to put those, and where are the wrong
places to put those?

We should be getting ahead of this conversation and understand
in the communities that have been unfairly imposed upon and pro-
tecting those communities, not stumble into these processes one
after one after one. We have a national imperative to do both these
things at once.

I think NEPA is a tool, but it is not the only tool we should be
thinking about. I think we need a much more proactive national
planning process that tries to reconcile these two concerns.

Senator CARPER. Thank you both very much for what you have
said.

I would ask Bob Lanham, if you have a comment or thought you
would like to make before we conclude? Anything else you would
like to add?

Mr. LANHAM. Senator, I appreciate, again, the opportunity to be
here. It is amazing.

I would leave with you, I had the pleasure and privilege about
18 months ago—and much of the dialogue was the same 18 months
ago.

One thing a little bit absent that still I think is germane to our
transportation network is based on what I see us do each and every
day, building roads and bridges has to be one of the most sustain-
able construction processes in the country. Yet it is a story that we
do not tell.

Between 2001 and 2009, we reconstructed 24 miles of Interstate
10 west of downtown Houston. And every bit of the concrete and
base materials and pavements that were in the existing roadway
was recycled and reused.

Senator CARPER. That is great.

Mr. LANHAM. Those stories around the country are not told. I
think we do ourselves a disservice to not being able to explain to
the greater public about what actually happens on these projects.

Senator CARPER. Good. I am glad I asked, and I am glad you an-
swered. That was a good note to close on.

Mr. Chairman, this has been an extraordinary panel and I think
quite a productive hearing.

Thank you all.

Senator BARRASSO. We thank all of you as well for being here,
for joining us, and for sharing your great insights on these very im-
portant topics.

There are no other questions today, but there is going to be an
opportunity for some members to submit some written questions.
They may do that in the next couple of weeks, so we are going to
keep the hearing record open for 2 weeks.

I want to just thank you again for being here. It was very help-
ful. I am glad you were able to get out of the house for the first
time in 3 months. We will have to have you back again some time
soon. Thank you to all three of you.
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With that, I do have a unanimous consent request for materials
for the record. Unanimous consent to enter into the record a state-
ment from the American Association of State Highway and Trans-
portation Officials, and a statement from the National Sand, Stone
and Gravel Association in support of today’s hearing.

Without objection, they will be submitted to the record.

[The referenced information was not received at time of print.]

Senator BARRASSO. With that, the hearing is adjourned.

Thank you very much.

[Whereupon, at 11:34 a.m., the hearing was adjourned.]

[Additional material submitted for the record follows:]
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Portland Cement Association
Pc M 200 Massachusetts Ave NW, Suite 200
s Washingtor D.C. 20001
Since 1916 2072.408.9494 Fax, 2024080877

America’s Coment Manufacturers™ srwncement g

July 1, 2020

The Honorable John Barrasso The Honorable Tom Carper

Chairman Ranking Member

Environment and Public Works Committee Environment and Public Works Committee
410 Dirksen Senate Office Building 456 Dirksen Senate Office Building
Washington, D.C. 20510 Washington, D.C. 20510

Dear Chairman Barrasso and Ranking Member Carper:

Thank you for holding today’s hearing “Better, Faster, Cheaper, Smarter, and Stronger: Infrastructure
Development Opportunities to Drive Economic Recovery and Resiliency™. The cement industry believes
increased investment in our nation’s infrastructure is critical to the nation’s economic recovery.

The Portland Cement Association (PCA), founded in 1916, is the premier policy, research, education, and
market intelligence organization serving America’s cement manufacturers. PCA members represent 93
percent of the United States” cement manufacturing production and have facilities in all 50 states. Cement
and concrete product manufacturing, directly and indirectly, employs approximately 610,000 people
across the country, and our collective industries contribute over $123 billion to the U.S. economy.
Portland cement is the fundamental ingredient in concrete. PCA promotes safety, sustainability, and
innovation in all aspects of construction, fosters continuous improvement in cement manufacturing and
distribution, and promotes sound infrastructure investrent.

Annually, the United States uses approximately 260 million cubic yards of concrete to build and repair its
infrastructure. This number has been significantly impacted by the economic slowdown caused by the
COVID-19 virus. In April, cement consumption nationwide decreased by 8.2 percent compared to the
year before, a trend that is likely to continue. Increased investment in infrastructure is critical to helping
the cement industry recover from the economic downtown.

We can all agree that we can no longer defer investment in the nation’s infrastructure after years of
underinvestment. Critical to addressing this underinvestment is passage of a long-term surface
transportation bill to provide states the long-term funding certainty to move forward with critical large
infrastructure projects to improve fieight movement, reduce congestion, and improve the resilicncy of our
nation’s infrastructure. An efficient and well-functioning transportation network is essential to driving the
nation’s economic recovery.

PCA encourages the Senate to act on the America’s Transportation Infrastructure Act, which would
provide a 27 percent increase over current levels of funding, to help close the $2 trillion infrastructure
investment gap to maintain our existing roads and bridges and invest in critical capacity expansion
projects to meet the nation’s growing needs. Passage of legislation, which provides long-term, stable
funding for the nation’s surface transportation program, will help states plan and build a range of much
needed road, bridge, and transit projects.

Reauthorization of the surface transportation program must also address the long-term solvency of the
Highway Trust Fund. Since 2008, Congress has transferred $139.9 billion in general fund revenue to
cover revenue shortfalls in the Highway Trust Fund. The cement industry believes we can no longer rely
on general revenue transfers to address shortfalls in the Highway Trust Fund. Reauthorization of the
surface transportation program should include a long-term and sustainable funding solution to address the
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solvency of the Highway Trust Fund. This funding certainty is needed for states to advance larger cost
and multiyear transportation projects.

Additionally, we need to increase investment in our nation’s water infrastructure. Significant investment
in water infrastructure, including U.S. Army Corps of Engineers projects, drinking and wastewater
systems, ports, harbors, and inland waterways will help states and communities” advance critical projects
ranging from improving the movement of freight, flood risk reduction, and advancing public health
projects. To invest in water infrastructure projects, PCA urges the Senate to take up and pass the
America’s Water Infrastructure Act and the Drinking Water Infrastructure Act to advance Corps projects
and reauthorize both the Clean Water State Revolving Fund (SRF) and Water Infrastructure Finance and
Innovation Act.

Concrete is a resilient and durable material critical to building our nation’s roads, bridges, levees and
dams, and drinking and wastewater facilities. The cement industry recognizes the importance of
improving the resiliency of the nation’s infrastructure. If a surface transportation or water infrastructure
asset has been repeatedly damaged by natural disasters or extreme weather, it is important to build assets
to better withstand and return to operation quickly. Concrete is a vital material to doing that. As part of
this, the cement industry recognizes that both green and traditional infrastructure are used to improve the
resiliency of our infrastructure assets. However, it is important that any policy to advance the resiliency of
these assets allows engineers to make the decision about how to use traditional and, where appropriate,
green infrastructure as opposed to dictating the use of green infrastructure. The cement industry
appreciates the steps taken by both the America’s Transportation Infrastructure Act and the America’s
Water Infrastructure Act to improve the resiliency of the nation’s transportation assets.

As we look to address the backlog in investment in our infrastructure, steps should be taken to streamline
the federal permitting and environmental review processes. Specifically, the cement industry supports
codifying the President’s One Federal Decision Executive Order. For these reasons, the cement industry
supports the inclusion of provisions in the America’s Transportation Infrastructure Act to set a two-year
goal for completing environmental reviews, a 90 day timeline for related project authorizations, a single
environmental document and record of decision to be signed by all participating agencies, and an
accountability and tracking system managed by the Department of Transportation. Additionally, the
cement industry supports the provision in the America’s Water Infrastructure Act to set a two-year goal
for the completion of Corps feasibility studies.

Finally, in the short-term state departments of transportation across the country are facing a significant
decrease in state motor fuel tax and toll receipts as vehicle traffic declined by 50 percent in most states
due to work and travel restrictions. On overage, states are estimated to face 30 percent declines in their
fransportation revenue through the end of fiscal year 2021. As a result, state departments of transportation
are delaying projects that were previously set to move forward. Congress should provide aid to state
departments of transportation to help offset the revenue declines so they can move forward with important
projects to improve and maintain the nation’s highways and bridges. Additionally, the state or local match
on federally funded transportation projects should be waived for fiscal year 2021 to further assist in
advancing much needed transportation projects.

Again, thank vou for your continued leadership in moving critical infrastructure legislation. PCA looks
forward to working with vou to advance legislation to increase investment in our nation’s infrastructure.

Sincerely,

A D> we

Sean O'Neill
Senior Vice President, Government Affairs
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THE PROTECTIVE VALUE OF NATURE

A REVIEW OF THE EFFECTIVENESS OF NATURAL
INFRASTRUCTURE FOR HAZARD RISK REDUCTION

Patey Glick, Emily Powell, Sara Schiesinger, Jessie Ritter, Bruce A. Stein, and Amanda Fuller

Buato Baaa Ferk, Houston, Tons. Broto: 4
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EXECUTIVE SUMMARY

The Protective Value of Nepure summarizes the Iatest science
on the effectiveness of natural Infrastructure i Jowering
the risks to communities from weather- and dimate-refated
hazards—benefits that we often describe as “natural defenses”
Over the past two decades, the body of research evaluating and
quantifyingtheprotective performance of naturalinfrastructure

bas i ssments and

ased significantly, Both model-based as:
empirical evidence from recemt floods, hurricanes, wildfires,
and other natural disasters underscore the considerable risk
reduction services that natural systems such as wetlands, reefs,
dunes, floodplains, and forests provide, At the same time,
watural infrasteucture offers numerous additional benefits to
saciity, fror provision of food and clean water for people and
habitat for fish and wildlife, to recreational opportunities, and
cultural and spiritual fulfillment.

darmaged (Gittman and Scypliers 2017, Gray ¢t al. 2017, Smith
et al. 2017). Thes, natural defenses can play a critical role in
enhancing the resilience of human and ceological systems to
natural disasters and clinnate change,

Yet, the use of natural infrastructure for hazard risk reduction

has not achieved its full potential, This is due, In part, to

perceptions that conventionally engincered approaches, such

as scawalls, leve

. or dams, are always more effective-despite
nurmerous instances when they have failed (Briaud of . 2008,
Gray et al. 2017, Koskinas et al, 2019}, Further, national polici
and programs have encouraged development in h

-

prone areas and have resulted i the degradation of existing
etns that help to absorb floodwaters and buffer
communities. As our hupan population continues to grow

natural sys

and a changing climate increases the frequency and severity of

extremeweather events, risks from natural hazards will continue

to escalate, Thus, there ¥s an urgent aeed to dramatically scale
up the application of natural infrastructure to better protect
our communitics.

This report, which builds on two previous publications

published by the National Wildlife Federation, Allied World,
and other partners (Natural Defenses from Hurricanes and
Floods [Glick et al. 2014] and Natwral Defenses in Action [Suoall-

Lovenz et al. 2016]), i intended to synthesize and elevate the

fatest science to enhance awareness of the benefits of natural
defenses and increase understanding of their effectiveness, The
report also highlights key policy reforms needed to mainstream
and incresse the use of natural infrastructure in communities
across the country.

Tong kwsd Naion

G Refiags, Niw Yo, Plotes 1.5, Fich and S5U0Gi Sorvive

As we bighlight throughout this report, evidence suggests
that both natural and nature-based approaches for hazard
mitigation can be equally or more effective than conventional
structural approaches, and they are often more cost-effective,
“Natural” approaches refer to intact or restored systers, such
as wetlands, forests, and coral reefs; “nature-based” approaches
mimic natural systems but are designed and constructed by

people. Since healthy, intact ecosy,
nataral disturbances such as floods and wildfires, they roay have
the capacity to withstand or recover from extreme weather- and

sterns are often adapied to

clinmate-related hazards and adjust to ongeing environmental
chaages. Couventional structural approaches (e, “gray
infrastructure”), on the other hand, often require ongoing

maintenance, and may need costly repaizs when they fuil or are

Executive §
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OVERVIEW

After more than two decades of increasingly severe, frequent,
and costly weather- and  cimate-related  disasters——from
dfir

s from natural hazards by enhancing the resifier

catastrophic and floods, to devastating hurricanes

reducing ris

of human cotomunities has become a pational priority
(USGCRP 2018).

Natural disasters are taking wn enormous ecological, social, and
economic toll, Since 2010, the United States has experienced
more billion-doltar disasters (Le,, events whose economic
damages reached or exceeded $1 billion) than in any prior
decade (NQAA 20202). In 2017 alone, Hurricanes Maria,
Tema, and Harvey killed thousands of people and caused
more than $280 billion in damages. In 2018, the Cap Fire in
California killed 88 people and destroyed more than 18,000
structures, with economic damages estimated at more than $16
biltion. And i 2019, massive, unprecedented flooding in the
Midwest inundated millions of acres of agriculture, homes, and
businesses Tor months at a tirne. Unfortunately, the risks from
natural disasters are expected to grow as an increasing number
of peaple five and work in hazard-prone areas and.as changing
dimatic conditions contribute to more frequent and severe
events (USGCRP 2017).

o successfully reduce from weather- and cligate-

refated hazards, the nation must be proactive in inplementing
strategies that teduce vulnerabilities before they happen,
not just respond to them afterward. Historically, most US.
communiti

have relied on structural approaches, also known

as “gray infrastructure)” to guard against natural bazards,
Examples include use of river levees 1o protect against floading,

seawalls to protect against coastal storm surge and erosion,

foce: Tiom Kl icke

o
el
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elina. Phoiv, 115, 4

and, in the case of forests and other wildlands, firebreaks and
suppression to protect against wildfires. Although structural
approaches will continue to be essential for safeguarding people
and property i some places, recent events have shown that
conventional approaches to address natural Bazards can have
cansiderable downsides. For exauple, during the record 2019
Midwest Hood event, dozens of levees along the Missourt River
and some of ts tributaries were breached or overtopped, and
hundreds of miles of levees were damaged. After decades of
wholesale fire suppression as the default approach for wildfire
risk mitigation, overgrown farests near populated areas acrass
rinach of the West have contribated to increasingly severe and
deadly wildfires. It ca
Trene and Matthew, properties with bulkheads sustained more
dumage and experiencad greater shorcline erosion cormpared

2l North Carolina during Hurricanes

to properties with natural shorelines (Gittman et al. 2014,
Smith and Scyphers 20191, Acra

ss the country, existing hard
infrastructure is aging and in poor condition: dams, levees,
and inland waterways, for example, all veceived " grades
on the most recent report card of the American Society of
Civil Engineers {ASCE 2017} Additionally, most existing
infrastructure was designed for past conditions, making it more
Tikely that such structures will fail to protect commmuuities in the
face of increasingly severe weather- and climate-related events
{e.g., Little 2012, Robinson et of. 2017, Sutton-Grier et al, 2018}
Increasingly, attention bas been turning toward matural and
naturc-based approaches for reducing risks to people and
property, either as an alternative to, or in tandem with, structural
approaches. As we highlight throughout this report, evidence
suggests that natyral infrastructire can be just as, if not more,

effective in reducing tisks. In addition, natural infrastructure

is often more cost-effective than built infrastructure and offers

numerous additional co-benefits. Indeed, the loss of natural

systenss due to development, resource extraction, invasive
species, pollution, and a changing climate hes, in hindsight,

anderscored the importance of natural infrastructure to

o
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Mo v vt oves.

Phora:

peaple an many fronts. Yet, despite the impostant role that

natural systems play in safeguarding our communities, uptake

of natare-based measures for risk reduction remains slow,

Increasing awareness and understanding about the effectiveness
of natural and ature-based approaches for reducing risks,

along with rmuch peeded reforms (o public policies and

programs designed to discourage development in hazardous
arcas,can go a loug way toward expanding their use (Langridge
et al. 2014, Spalding et al. 2014b).

WHAT IS NATURAL INFRASTRUCTURE?

“Natural infrastructare” yefers to patural sys
wetlands, forests, and coral reefs—that provide essential

orexample,

services and benefits te society, such as flood protection, erosion

control, and water purification, This broad definition reflects

the growing recognition of the vital rofe that nature plays in
sapporting and sustaining people and their livelihoods. In the
wake of recent hurricanes, floods, wildfires, and ather elimate-
fueled disasters, the role that healthy and intact ecosystems

can play in enbancing the resifience of both satural and

human sunities has gaived particular
scientists and policy-makers {e.g., Guerry et al. 2012, Joes et al.
2012, Thompson 2012, Arkema et . 2013, Nelson of al. 2013,
Langridge et al. 2014, Martin and Watson 2016, Renaud et al.
2016, da Silva and Wheeler 2017, Thorne et al. 2018, Dallimer
et al. 2020, Donatti et al. 20203

inetce AMong

Although the use of nature to provide risk reduction benefits
{among other services) has been labeled in 2 variety of ways in

sclentific literature and in polici
we offen refer to these prote
ting in natural defens:
mature-based approaches to reduce risks to peaple, property,

sand programs (sce Box §),

ervices as “natural defens

entails the use of both patural and

T

or other valued as

In this context, “natural” approaches

are those that rely on existing or restored natural systems {¢.g.

wetlands, floodplains, mangrove forests, beaches, dunes, barrier

L and riparian zones) for their risk reduction and other
chies yimic the risk
sterns but are designed and

edd benefits. “Nature-based” apy

veduction functiops of natural

constructed by people using tatwral and man-miade materials

Tiving shovelines, engineeted oyster reefs, beaser mimicry,

engineered dunes). Tnaddition, policies and programs that limit
; in hazard-prone and envis Uy sensitive

areas—which are examples of “non-stractural” approaches for
risk reduction—are also important 1o enable, encourage, or

mandate the use of natural and wature-based features (Bridges

et al. 2015). Such approaches may include regutations, zoning,

buyouts, construction standards, and legal protections for
natural features like streanms, floodplains, and wetlands.

v, Phorw: Forid
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Box 1. Various terms to describe natural
infrastructure

As noted by both da Silva and Wheeler {2017} and Escobedo
et al. (2019), the concept of “ccosystems as infrastructure” is a
powerful metaphor that can help integrate a variety of societal
goals (e, climate mit
biodiversity conservation). Incasingly, it is being considered

fon, adaptation, risk reduction, and

Benedict and McMahon 2006, Young et al. 2014), most recent
usage more narrowly focuses on wrban stormwater mamagement,
including use of plant or soil systems, permeable surfaces, and
other approaches to reduce flows to sewer systems or other

sarface waters ( CPA 20192). Comparable terms: Jow-imy
bk et al 20123 bh

{
P
{Novotny et al. 2010,

infiastructuce

Natural

ik to, the built

a or even an
. gray in ks from natural hazards.

astracture) to reduce

o, ol 57

attaching terms such as “ecotogical,” “natural’ “green;”
and “blue” with “infrastructure” s often done in different contexts
and with different objectives, which can lead to misunderstandings
and {ragroentation of the practice, making it more difficult
to mainstrearn the underying concept {da Siva and Wheeler
2017). The Tack of & consistent typology and usage has ofien od
fo vague definitions, particularly at the policy level, which may
make it challenging fo apply such approaches in on-the-ground
management {Cohen-Shacham et al. 2019, Martin et al 2020,

Mendes ot al. 2020). Among the various terms and usages are:

Ecosystem services

Ecosystem services generally refer to the multiple benefits that
: ? ¥ P
people obtain from ecosystems.

including but not Yimited to

provisioning services, such a8 food and water; regulating

i
services, such as flood risk reduction; cultuxal services; and

supporting serv ch as oxygen production and carbon
sequestration (MEA 2003, Reid et al. 200
20193, Comparable terny matural capital (Natural Capital
Commitiee 20170,

Adamowicz et al.

Green infrastructure

While the concept of green infrastructure initially referred to the
valtie and role of open space and ecosysten services broadly (e

disk
tems, whether they are the

As used in this report, natural defenses refers to the haz:

reduction banefits of ecological s

natural systeros themselv

ature-based systems designed to
emulate natural features, Comparable terms: natural and matuge-
bas
and Wheeler 2017); ecological infrastructure (Adamown

ucture (da Sitva
et al

d features { Bridges et al. 2015% natural infras

20193 natare-based solutions {Habbie and Grimm 2020).

Nature-based solutions

The International Union for the Conservation of Nature define
nature-based solutions, a term commonly wsed in

“actions to protect, sustainably manage and restore natural or

modified ecor ich addre:

ysterns, ocietal chatlenges (e
climate change, food and water secarity or natural disasters)

effects

and adaptively, while simultancously providing

hunan well-being and bi
et al

ccosysten services.

ity benefits” (Cohen-Shacham
Comparable terms: natural  infrastructare;

Ecosystem-based adaptation

osysten-based adaptation derives from the ecosy
concept, but its primary focus is how biodiversity and ecosystenms
can help people adapt 1o the growing impacts of climate change
{Colls et al. 2009, Jones et al, 2012, Roe et al 2019, Donatti et al.
20003
nature-based solutions.

e services

tem-b

sed adaptation is considered a subset of

Natural climate solutions

In current usage, matural climate solutions refers to the
conservation, restoration, and management of vatural systems
orests, grasstands, wetlands, and mangroves) and agricultural
Tands fo sequester and store carbon {Fargione ot al. 2018, ¢ L
etal. 2019). € ble term: ecosystem-based mitigation (Epple
etal. 2016}

Although some studies have suggested that a more consistent
typolagy i bec

infrastructure, we

ary to

wam the concept of matural

rgue that being clear about the underying
d approaches (.., their
. or ther provision of clmate

of using patwal and nature-bas

effectiveness i reducing i
protection benefits) islikely to be moge iaportant than the specific
terminology used {Spalding et ol 2014c, Nesshaver et al. 2017,
Escobedo et al. 2019, Mendes etal. 20203,
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Conventional structural approaches for community profection
will remain necessary in some places, but wherever possible,
communities should prioritize the use of natusal infrastructure
given the many additional benefits it provides, This entails
determining where natural approaches can be used either
nstead of, or in combination with, structural approaches to
reduce the viilnerability of natural and human communities.
Importantly, the efficacy of various natural defenses depends

on a range of factors, including site-specific environmental
conditions, the vulnerability of communities, and the type
and severity of natural hazards to which they may be exposed
{Ruckelshaus et al. 20163, Just as standards and guidelines
ace important for the engineering and application of gray
infrastructure, guidance for the appropriate use of natural
infrastructure is emerging (see Box 2) {The World Bank 2017%

Box 2. Evaluating the effectiveness of natural
infrastructure for hazard risk reduction

As interest in natural infrastructure has grown, so too has the

developrent of guidance and tools to support its application,

including by enhancing teanspatency and quantifying its
flectiveness. Indeed, the studies hightighted in this

Flood Mitigation Projects (FEMA 2017), desc
technical considerations and approaches for project design

bes a range of

and evaluation, including ways to measure benefits and

costs and ensure compliance with relevant federal, state, and

i L and historic preservation

Tocal !
The US. Department of Agricoltare’s Conservation Effects

report demonstrate a variety of approaches for evaluating the
performance of natural and nature-based features, including
indices,

mumerical models, field-based experiments, and

erups
been developed by government agencics, nongovernmental
organi

ol evidence. Evalustion tools and approaches have

rations, academic institutions, and private entities atike,
Looking just at resources offered by US. federal agendies,
the Engineering with Nature (EWN® initiative of the US.
Army Corps of Engineers initiative advances both technical

and conmunication practices to align natural processes with

engincering design, and includes a framework to support

ion of natural and nature-based
features in coastal areas (Bridges et al. 2014, Bridges et al.
2015). The US, Eavironmental Protection Agency's Green
Infrastructure Modeling Toolkit (US. EPA 20198) offers a
range of models and tools 1o help project managers model

evaluation and

and evaluate the performance of natural and engineered

ystems for stormwater management. The Federal Emergency

Managernent  Agency’s  veport, Tnnovative  Droughr  and

Project website {USDA, nud) provides links 1o
a wide array of resources and toels from both governmental
and nongovernmental entities offering guidance and toals for
evaluating nataral infrastructure.

Tn addition, the National Oceapic and  Atmospheric
Adpministeation provides a range of tools for natural
infrastructere, from data and visualization tooks to job
aids and trainings. The agency also maintains a searchable
Green Infrastructure Effectiveness Database, which compiles
infornution from a range of Yiterature sources focused on the
effectiveness of natural infrastructure appreaches 1o reduce
the impacts of coastal hazards {(NOAA, n.d.), And the Joint
Fire Science Program, a collaborative effort between the US.
Forest Service and the Department of the Interior, works with
partners across the country to assess the potential effectiveness
of fuel treatments, improved corpnity planning, and other
approaches to reduce witdfire risks (JES, nd). These federal
resources represent just a subset of a large and growing body
of science to support the design and evaluation of patural
infrastructure projects for hazard risk reduction.

Typosof nasaeal o . Graphic: Nationt s

in
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As highlighted in Table 1 and elaborated throughout this
report, numerous types of matural infr
for harard risk reduction are now in use across the country. In
addition to protective benefits, natural infrastructure provides

communities

with 2 wealth of othes

ructure approaches

ccosystem services, such (C
as improving water quality and helping recharge groundwater,
sapporting habitat for a multitude of fish and wildlife specics,

95

CONIMUNILY's res]

habitats provide

sequestering carbon, and providing aesthetic and recreational

Table 1. Examples of natural infrastructure for hazard risk reduction

ence W a range of threal
estimated value of ecosy
tems, as 2 whole, ranges from $125
nza et al. 2014},

opportunities—all of which contribute to cnhancing 2

. Globally, the
led by natural

em service

pro
5145 trillion per year
In the United States alone, constal

timated benefits valued at over $100 billion
annually (Sutton-Grier et al. 2018).

i Natukrél;ha‘zard‘ :

Conventional approaches:

“iNatural orhature-based
“approaches

Infand flooding
and erosion

Dams, dikes, evees, stream
channelization, stormwater
sewers, contbined sewers,
pamps

* Foodplain and watershed
restoration

* Green stormwater
management

- Protecting foodplains from
developruent

* Levee setbacks

* Wetland, forest and watershed
restorations

* Rain gardens and natural infiltration
systeis

* Minimizin,

+ Permeable pavement

* Voluntary buyouts

+ Avoiding new development in
floodplains

+Open space acqui

stream alterations

ion and

protection

Coastal flooding
and erosion

Seawalls, bulkheads, dikes,
breakwaters, levees

« Coastal habitat protection
and restoration

« Living shorelin
* Profecting sensitive coastal

« Intact or restored shoreline systems
(.8, wetlands, mangroves, beaches,
dunes, and barrier islands)

«Coral and oyster reefs

areas from develop

. jeonstructed marsh with
sills or breakwater structures

« Constructed oyster reefs

*Voluntary buyouts

» Coastal land acquisition and
easements

Extreme heat
and drought

Dams and reservoirs,
air conditioning

« Watershed protection and
restoration

+ Urban green infrastructure

* Water conservation

* Forest and watershed restoration
* Beaver restoration
+ Urban trees and other vegelation

+ Green roofs and cool paverent

« Rain barrels

Wildfire

Wholesale suppression of
wildfires, cleating firebreaks

- Ecological forest
nmnagement

+ Helping communities live
with fire

+ Managing wildfires
(when possiblel to benefit
ecosystems

* Combined fuel reduction treatments

* Prescribed fire

* Post-fire restoration

* Fire-adapted communities,

irewise
neighborhood mitigation

* Collaborative risk management

+ Avolding new developiment in high-
fire-

such as through

areas
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KEY CLIMATE CONSIDERATIONS

One of the primary reasons communities are increasingly
turning to natural defenses against extreme weather- and
climnate-related hazards Is that many natural systems already
are well adapted to patural disturbance regimes and have the
capacity to withstand or recover from the fmpacts (Feagin
et al. 2010, Spalding et al. 2014b). For example, the natural

deposition of sediments fromt upsiream o5 upland sources
in deltas and

can provide sufficient levels of soil for marshes
estuaries 1o rebuild after storms and keep pace with rising sex
levels through a process called accretion {Batker et al, 2010).
Beaches and other coastal habitats can migrate landward and
seaward in response to both acute and gradual changes over
time, particularly in the absence of man-made or natural
awalls or bluffs (Spalding et al. 2014b, Leo et
al, 2019). And fn many forest ecos
essential for forest health by cdearing dense undergrowth and
contributing to habitat complexity,

barriers such a:

sterns, periodic wildfives are

Unfortunately. the combination of changing climatic conditions
and other anthropogenic steessors have degraded ecosystems
in many areas and significantly reduced their natural adaptive
capacily {Stott et al. 2016, Seddon et al, 2020). Tn parts of the
West, for example, a combination of fucressingly ntense,
drought-enbanced wildfires and invasive species have reduced
the potential for forests to regenerate on their own (Jones et
al. 2016, Dey et al. 2019). Along the Gulf Coast, construction
of tevees and navigation channels, oil and gas operations, and
ather activities have contributed to land subsidence and starved
constal wetlands of sediments. And around the world, coral
reefs are in rapid decline due 1o a combination of development,
pollution, overfishing, storms, climate-reated bleaching, and
ocean acidification (Hoegh-Guldberg et al. 2017, Beck et al,
2018, Gibbs and West 2019} Climate change is likely to further
push these and other systerms to their Hnits as sea levels rise and

wweather events become mare frequent and severe. Of particular
concern is the fact that mudtiple threats are occwrring at the
saime time. For example, while extreme heat and drought on
their own pose considersble risks fo communities, they are
also exscerbating wildfires, In turn, severe wildfires can lead to
floodding and erosion, sediment loading, and long-term changes
in forest water yield (Hogue et al. 2018). Ultimately, this results
in a vicious cyele that threatens the health and sustainability of
human and natural communities alike.

Because of these nun-made stresses, natare needs our help for
it to provide, or continue providing, its protective services. It is
important to think net only about the valnerability of human
communities and livelihoods to the impacts of extrente weather
and climate-fucled natural disasters, but also the valnerability
of the natural systerns on which we depend. Doing 50 in
paratiel will allow commmunities (o identify when and where
existing and intact natural systems can provide these protective
functions, and where it is necessary o restore ecosysteins o
design adaptation steategies that can enhance the capacity
of those systenrs to provide risk reduction benefits, Thus,
managers st consider these comyplexities in both the design
and management of matural infrastructure. This will entail

nducting dinste y that consider a

range of future scenarios to inform project development and
managerent. It also necessitates investing in consistent, long-
term monitoring and evaluation of those projects to keep track
of changing conditions and determine whether and how much
they are achieving risk reduction benefits and other desired
outcornes { Walles et al. 2006, Zellner et al. 2016, Emilsson and
Sang 2017, Masooli et al. 2017, Rosenzweig et al. 2018, Leo ot
al. 2019, Morris et al. 2019, Reynolds et al. 2019, Sun et al. 2019,
Hobbie and Grimm 2020).

o

TURE : Overview
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INLAND FLOODING

UNDERSTANDING FLOOD RISKS

Floods are among the most frequent and expensive natural
it
vear in damages {Kousky 2010, Michel-Kerjan and Kunrenther
2011, Pralle 2019, Trublar and Bergstrom 20191, While flooding
oceurs naturafly and can be benefi
when they have advers

ards i the United States, often reaching biltions of doflars a

al for some ecosysters,

floods become “ha effects on

people and the environment. Floods can have a wide range
of impacts, including foss of Tk, destruction of property
and infrastructure, spread of pollutants, and disruption to
agriculture and other sources of livelthood.

“To identify the best ways to reduce flood i

recognize that there are three different types of floods

surface, and coastal. Riverine floods, also known as fluvia
accur shen the water in rivers, streatns, ot lakes overflows and/
or erodes their banks. Sucface, o pluvial, floods can occur away

from existing wate: They occur when rainfall exceeds

the capacity of dea ysterns, such as urban stormwater
infrastructure. In geperal, coastal floods are associated with

storm surge, but increastagly also from extreme high tides even

nage s

i the absence of storms, In this section, we highlight risks and
management approaches associated with riverine and surface

floods, also referred 1o as “itand flooding” Coastal flooding

is addr section, although it is important to
recoghize that coastal communitios may simultancously be
affected by coastal, riverine, and surface flooding, sometines

during the same storm.

Risks from flooding are exacerbated by developruent and other
(Mondal and Patel 2018), Urbanization, in
n considerably alter flood hydrology (Nielekos et

Buman act

particula
a4, 2010, An increase in paved roads, parking lots, and other
impervious surfaces, for instance, contributes to greater runoff.

Incding in Fovt dother, 1 s

s Nasiono

AtaGlance
5 Floods are among the most frequent and
“expensive natiiral hazardsin the United
“States; a combination of historic stréam
arid Hver channelization, increased
= development and Heavier rainfalldueto
=changing cl:mat" condmani is exacerbatmg
flood iundation and erosion r:sks acros
“thecountry:

5 The use of natural mfrastructure for
~stormwater and flood managementcan

- effectively reduce risks from flaading in
additiori to providing other benefits; sich
‘as improved water quality, recreational -
opportunities; and habitat for fish and
wildlife:

# Naturval mfrastructure approaches fori
reducing flood risks range from floodplain
“and watershed restoration and gresn
stormwaterinfrastructure, to policies and:
programs that prevent new developmentin:
hazard-profie aréasand encourage peopie :
to move oui of harm’s’ way.

o rivers, streams, and low-lying areas, which nuay lead o
flooding and fluvial erosion dumw both moderate rainfall
and beavy downpours (Ogden ot al, 2011, ASFPM Riverine
Erosion Hazards Workgroup 2016). In addition, construction
of levees and the placernent of filt materials into areas such as
wetlands to allow for developraent in ope part of a floodplain
can lead to “increased floeding downstream (Feine and Piater
20111 Steeam straightening, ditching, and armoring to protect
de investments at one location can lead to increased

streams

riverine eroston downstream (Christin and Kiine 20171, In
addition, construction of wing dikes and related structures
of rivers can also lead to

intended o improve navigability
significant upstream flooding by constricting river channels
and blocking flows (e.g. Pinter et al, 2008, Reme et al. 2009,
Frathoff et al. 2013). On a broader watershed scale, activities
such as clearcuiting and conversion of forest fand to agriculture

3
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and urban development can exacerbate flooding by reducing
filtration and increasing runoff (Harnman et al 202,

In the coming decades, the risks and associated damages
for both types of inland fooding {surfice and riverine) are
exp

ed to grow due to a combination of human papulation
growth, land-use changes, and an increase in the frequency and
intensity of heavy rainfall (ABCOM and FEMA 2013 Wobus et
al. 2013, 2017). Heavy precipitation events (L., the most intense

1% of rainfull events| have already increased across much of the
USGRP 2017,
Hayhoe et al. 2018). Such events have contributed to histori
flooding, Tor example, Lowisiana experienced a devastating

conterminous United States (Kunkel et af. 20

NATURAL DEFENSES FOR FLOODS

moving storm dumped more

than 20 inches of rain across the region over a three-day period
(Kunreuther et al. 2019). Tens of thousands of homes were
affected by the food, which scientists have attributed at least in
part to climate change (van der Wiel et al, 20173 In 2019, which
was the second wettest year on record in the United States,
massive, long-lasting foeoding devastated mach of the Midwest
(NOAA 2020b). The Missouri River basin experienced mmore
than a year’s worth of runeff from spowmelt and rainfll from
March through May 2019, causing an estimated $20 billion in
darnage and economic loss nearly half the total cost for all
14 of the billion-dollar disasters that year (NOAA 2020b).

Despite increasing risks, local governments continue 1o allow
for unwise development in flood-prone areas, and refiance on

conventional or outdated flood management practices—such

as construction of levees and dredging—remains common
across the country, There s growing recognition that the use of

natural infrastructure for stormwater and flood management

can effectively reduce om flooding and riverine erosion,
in addition to providing other bencfits, such as fmproved
wwater quality, recreational apportunities, and habitat for fish
and wildlife ( d Walls 2013, US. BPA 2014,
Eekart et al. 2007, Moore et al, 2016, Frantzeskaki et al. 2019,

Firete: 1

investing in natural infrastructare Lo reduce flood risks makes
economic sense (e.g., Baumgittner and Strunz 2014, Green
et al. 2016, Denjean et al, 2017, Mariin ¢t al. 20200, Natural
infrastructure approaches for flood risk reduction range from
floodplain and watershed restoration and green stormmwater

infrastracture, to policies and programs that help restore and
protect natural systemms to reduce flood risks {Carter and Lipiec
2020, Hobbie and Grimen 2020). This may include preventing
siew development in hazard-pronc arcas or encouraging people
to rove out of harm's way.

et Flooad

&
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FLOODPLAIN AND WATERSHED RESTORATION

Restoring streatns, s, and to
their natural flows, ecological proces

is one of the most lmportant and beneficial strategies to

Yoodols
¥

es, and functions

reduce flood  risks o
communit while
providing  considerable
additionadl  ecological
and  economic  benefits,
There are  numerou

techniques for restoring
the ecalogical integrity of
streams and floodplains,
the most appropriate of
which will depend on the
characteristics
conditions  of
being

unique
and

area

the
restored,

as well as the desired

outcomes.

Levee Setbacks and Dam Removal

tn the wake of disastrous floads, many communitics across
the couatry have it
" through Tesce setbacks, dam removal, and floodplain
restoration. According to the US, Army Corps of Engineers
[USACE), the additional floodpliin storage provided by levee

sted in efforts 10 make “room for the

s

setba & flows, white also

s reduces flood height and slows pe
providing additional ecosystem and recreation benefits (Dahl et
al.2017). tn Washington State, for example, a project involving

the reconnection of side chanaels, moving 1.5 miles of levees
farther from the Puyallup River, and installing logjarus has
dramatically reduced flood risks to the nearby city of Qrting
(Floodplains by Design 2014). In Yuba County. California, the
Three Rivers Levee linprovement Authority worked with the

R —

Bour River setbck fevea i Colfrain. Phova: Calferria Depumtiers of ¥

USACE to set back 9,600 feet of levees atong the confluence of
the Bear and Feather rivers, reconnecting 600 actes of flood-
prone agricultural Jand to the floodplain (River Partuers 2014).
The project proved successfil in capturing foodwaters and
afier the Oroville
Dam crisis in 2017, when dumage to the main and emergency

reducing flood risks to nearby cormmuniti

spillways during ap extreme rainfall event prompted the
evacuation of more than 180,000 people living downstrearn
(Stork et al, 2017, Hollins et al. 20182 o addition, the land
nd habitat

has since been restored into riparian and gra

that, supports numeratss species of fish and wildiife, provides
2 variety of v aud belps buffer the
refease of pollutants from vearby agricultural operations ito
the rivers. A stady along the Middle Mississippi River found

cational opportunitie:

that 3 combination of levee setbacks and voluntary buyouts of
the resulting unprotected structures would reduce fload Iosses

from both farge/infrequent and smaliffrequent flood events
(Dieraser et al. 2012}, And in Massachusetts, a Depactment
of Fish and Game Division of B ion (DER)
project 1o remove three dams proved to be 60% less expensive

slogical Restor

thau repair and maintenance would have bean over the next 30
years by restoring floadplains and removing the risk of dao
faiture. Tn addition, the removal significantly reduced flood

risk to the surrounding aress. Other benefits cited from the

dam remavals in the DER report incude avoided travel defay
infrastructure daimage, and costs of emergency response,
in addition to lncreases in nearby property value,
recreational value, and improved quality and avai
strearn habitat IMDFG 2015

added

pility of

Wetland and Forest Restoration

Wetlands act as natural sponges, storing and slowly releasing
floodwaters after peak flood flows have passed (Antolini et al,
2019, Krasowski 20195 Research sugy
welland can store up to 1.5 million gallons of floodwater (US.
EPA2002). A meta-analy:
a number of countries around the world soggests that wetlands

ts that a single acre of

s of econoruic valuation literature for

in agricultural areas provide an estimated $2,802 per acre per
year in flood controt services (Brander et al. 2013}, Here in the
United States, an asse
ds in the Eagle Creek watershed of central Indiana found
that they reduce peak flows from rainfall by up to 42%, floed

ment of flood reduction potential of

wel

area by 53%, and maximumn stream velocities by 15% {Javaheri
and Babbar-Sebens 2014},

ctices

ain forest and other wildland management p
may also reduce risks to nearby communities from flooding
and debris flows following high-severity wildfires, which can
v much of the vegetation that holds soil in place

burn av

and stows cunoff {Garfin et al. 2016). Plood risk can remain

significantly higher in severely burned arcas nutil vegetation

i

el
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is restored, which can take years to decades { Floyd et al. 2019%

As discussed further in the section on Wildiit
ical forest management, induding targeted thinning,

bed fire, and long- teem rehabilitation and restoration

s (page 24),
ecolo
pr
2cHViLH

can reduce the

verity of future wildiires and

help minimize associated risks to communities. in the near
terin, post-fire treatinents, such as application of mulch
and erosion barciers and aerial seeding with native gras

s

and other plants, also may be necessary to mitigate runoff
and erosion (Napper 2006, Robichaud 2009, Robichaud et
al. 2020). For example, an evaluation of post-fire trestment

after the 2012 High Park Fire in the Poudre River basin of
Colorade found that areas seeded with & mative perennial

grass mix had greater vegetation cover one year after the fire
than unseeded control areas. In addition to helping reduce

ero

ion, the seeded areas had sign:
017). However, iti
to recognize that the appropriaten

antly fewer weeds than

the control areas { Miller etal

important

and effectiveness of

post-fire treatments will vary, depending on local conditions
and the severity of the fire. For instance, tradeoffs may exist
between use of s

eding to reduce erosion and recovery of
nataral plant diversity. Ongoing monitoring is essential
following trestment to evaluate their effectiveness and help
ensure that short-term mitigation benefits do not come
at the expense of long-term ccosystem restoration goals
{Robichaud 2009},

GREEN STORMWATER MANAGEMENT

Green mfrastructure is ap infegrated approach to stortnwater
management that uses features such as rajn gardens, green
roofs, bioswales {ie., vegetated frenches), and permeable

paverpent in strategic areas

o capture stormwater rupoff
as close as possible to where it is generated. Conventional
stormwater management approaches focus on speeding
passage of water downstream, which can result in flooding
and degraded water quality. In contrast, green infra
approaches are specifically designed to stow the flow of

trucinre

runoff fo facilitate absorption in soil and vegetation and take

prossure off over-capacity sewage {reatment plants. This is

particalarly fmportant in cities that have older “combined

sewer systems,” in which one piping system conveys both

anitary
infrastructure help improve water quality by diverting and
filtering poflutants, it can help mitigate swrface Hooding
during storms, often at a significant cos

ewage and stormwater. Not only does green

saving

The following are a few examples of green infrastructare
approaches:

Rain Gardens and Natural infiltration Systems

The use of raim gardens, which are planted depressions
designed fo allow runoff from nearby impervious areas
o soak nto the ground, has grown in popularity in
communities across the country. Research has shown that
ignificantly reduce runeff into storm
sasing the capacity of existing drainage

rain gardens can

drains, thereby inc
systems to handle higher rainfall volumes (Mahler et al.
2019). For example, 7 study of a rain garden coustructed

in the Bronx, New York, found that the system retained an

average of 78% of inflows during 26 storms over the period
between October 2014 and July 20 Feldman ot al, 2019).
The Capitol Region Water District in Ramsey County,
Minesota, has instatled o suite of green infr:
projects, including rain gardens, underground infiltration

netire

trenches, and a stormwater retention pond, to address

botlh localized Hooding and polluted ruvoff inte nearby
waterways. Together, the network of green infrastructure can
capture drainage from more than 10% of the watershed area
and can filter an estimated 94% of stormwater volame from
the sub-watershed (CRWD 2012, Small et al. 2019).

Permeable Surfaces

rfaces in urban
burban areas, whether through enbancing vegetated ave:
antly
reduce localized flooding. In nutural ateas, as much as 85% of
IMA 2005}, According
o FEMA, the amount of runoff from a five:

e aren of pervions, of perrmeable

or installing grave] or other porous materials, can signific

rainfall will infiltrate into the ground (
ar storm {i.e., a

heavy rainfall event that has a 20% chance of occurring each
year) on a developed parcel can be greater than the runoff from
2 30-year storm iF the parcel had not been developed (FEMA

5 Photo: 5.0
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2005). In Portland, Oregon, investments in “green streets” (ie,  in the green infrastructare projects saved an estimated $250

the use of pervious surfaces million in avoided hard infrastructure costs. In addition, the

in streets and alleyways), wlong

with rain barrels and tree planting, have been estimated tobe <

36 times more 2ffc

tive in managing stormwater pee $1,000

invested compared with conventional, gray
methods (Foster et al. 2011). The city's investiment of 88 million

PROTECTING FLOODPLAINS FROM

¥'s green street projects retain and infiltrate nearfy 43 million
gallons per year and have the potential to manage as much

8 billion gallons—40% of Portland’s average annual runoff

wolume (Poster et al. 2001).

DEVELOPMENT

Keeping people out of harms wa
reducing the costs of major floods and enhancing the natural

is an irnportant strategy for

ability of floodplains to absorh floodwaters and lessen their
destrustive force,

Open Space Acquisition and Protection

Protecting open space from developrent can significantly
reduice flood damage 16 nearby commuities. For example,
instead of being sold to developers, an abandoned golf course

in Clear Lake, Texas, v

putchased by the Clear Lake City
Water Authori

and converted to 2 178-acre park and wetland,
which protected 30¢ cesidents and 150 homes from significant
A 2019, GBE 2019
Al the time Harvey came through, the system collected 100

flooding during Hurricane Marvey (F

million gallons of water, even with only 80% completion of
Later ph:
expected to be finished by 2022, include creating detention

the first of five phase s of the project, which are

ponds, wotlands, a nursery for native trees, miles of hike/bike

s, and athletic fields.
When fully completed, the project is expected to drain half
billion gallons of stormwater and protect 2,000 homes (FEMA
2019}, Preserved floodplain and wetlands around Otter Creek
upstream of Middiebury, Vermont, helped reduce the darage

fra

5, aveas of pative bushes and gra

frow ‘Tropical Storm Trene by 8-95% and provide between

fowsion, Tiaws consisie
SU9A Graap

$126,000 and 8450,000 in annual flood mitigation services. The
wetlands ate mainly composed of forested swampland and span
18,000 acres { Watson et al, 2016}, Additionally, Kousky et al.
(2014) estimate that the Meramec Greenway, which comprise
28,000 acres of
Meramec River in southern Missour, contributes about

forest and other conservation lands along the

per acre in avoided flood damages annually.

For the conterminous United S
estimate that preventing developrent in the mote than 100,000
saquare miles of remmining unprotected natural lands that He
within the current 100-year floodplain would avoid as much

ates as a1 whole, scien

$397 billion in potential flood damages to new developrnent
by 2050 (Wing et al. 20183, Although the cost of purchasing
1and may oulweigh the potential flood mitigation benefits in
some areas, targeting investments based on preservation costs

and expectod fload damag
{Kousky et al. 2013, Kot
forand that ihe benfit of avoiding food dammages

could yield significant et benefits
0114). Indeed, Wing et al. {2018)
Tated with
future development exceeds the cost of acquiring undeveloped
Tand in the majority (70%) of the counties they studied.

Voluntary Buyouts

In phoes where properties have been extensively and

repetitively danaged by flooding, voluntary buyouts—the

acquisition and remeval of properties in hazard-prone areas—
can be a cost-effective response to reduce risks from futuce

flooding (Siders 2019}, A number of communities acro

the country Tave engaged in buyout programs in response

1o major flooding events. For example, after a massive fiood
in 2008 that dislocated 18,000 people, darmaged more than
7000 propertics, and caused billions of dollars in losses,
Cedar Rapids, lowa, undertook a major buyout and relocation
program, purchasing 3,300 daraged properties (Cacter 2009).
Many of the properties
funds to relocate their businesses elsewhere within the city.

s used the

al, and. ownel

Were Commes

Cedar Rapids is now moving forward in creating a system of
parks and open space along its riverbanks that will be designed

to accommnodate floods, In Charles Connty, M
1993 i estimated
ated Josses of nearly $97 million from flooding
events that occurred between 1999 apnd 2008, This
4212% rate of return on the $44 naillion dotlars that Missouri
and FEMA had spent on the properties (FEMA 2009). Since

axi, 2 buyout

progra following the major flooding o

to have pre

represented
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1999, the City of Charlotte and Mecklenburg County in North
Carolina have everseen a voluntary buyout program that has

combined the relocation of famities and businesses from flood

prone arcas with subsequent stream and wetland restoration.
45 of September 2019, the program bas spent $67 million to
acquire more than 400 properties and has restored 183 acres
The effort has helped
milion in property
stimated $300 million

of the floodplain to public open space.
avoid approximately §:
damage, and it i expected to prevent an

cormmunities

in futare losses (City of Charlotte 20191,

Although buyout programs have been implemented for
decades, they have ofien been done through piecemeat
approaches that leave a patchwork of remaining structures and

vacant lots, which do not offer the flood reduction benefits that
larger green space could provide (Mach et al. 2019). Fusther,

i s important that buyout programs be founded on sound

social and ecological principles { Kousky and Kunreuther 2010,
Kousky and Walls 2013, Berke et al. 2014). First, the comumupity
as a whole st be truly engaged in decisions (Verchick and
fohnson 2013). Without full community part

ipation, not only

swould the benefits of such buyouts for flond risk reduction over
cale be minimized, but there could be animosi
d p
such buyouts are perceived Lo lower property values (Glick et al,

ala

among

remaining property owners tow; riicipating households if

2014). Second, decision-makers must incorporate the nieeds of
the socially vulnerable into buyout programs, such as by taking
wmeastres to ensire that affordable homes and jobs are available
ders 20193,

in arens where people will be relocated {
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COASTAL HAZARDS

UNDERSTANDING COASTAL HAZARD RISKS

The coastal zone is a naturally dynarnic place. Beaches, barrier
idands, marshes, and other coasial systems change over fime 23
storms, erosion, sedirnentation, and other patara forces shape these

Tandscapes. Coasts are also centers dueto their

sterys that support vibtant
As of 2017, wbout 94.7

coastline counties, an increase.

natural beauty and rich, biodiverse ecosys
econotuic, reereational, and caltural activis
willion peay United Statesti

of 15.3% since 2000 (US. Ce
tal zone know, howe

s Buseau 2019}, Those living in the
that the benefits also come with risks
These existing
threats are compoundad by urbanization, aging infrastructure, and

€

from storms, coastal flooding, and shoreline erosios

changing dimatic conditions, including warming oceans and rising
Flaning et . 2018). Recent stud
omtributing o an increase s tropical cyelone activity, which

sen Jovel « suggest that dirmate

change

scientists havefinked (o warmer aceans and an accompanyingncrease
in atmospheric molsture content. I the coming decades, both wind
and aindill intensity associated with these storms wre projected to
increase, which could transhite into a greater propottion of storms
reaching Category 4 and 5 (IPCC 2014, Knutson et al. 20193

Inaddition, sea-level rise i g
to more frequent flooding during high tides (Tebaldt ot 4l 2012,
Marsooli et al. 2019). During the past century, the average global
sea fevd rose about 8 inches, and since the eady 1990s the rate of
sex-level rise has been accdlerating (Nevern ot al. 2038). In some
arens, such as along parts of the Gulf and Atlantic coasts, relative sea
Tevels bave Increased even more due to Tand subsidence and other
factors. As global temperatures increase with continted greenhouse
ons, further sea-level rise Is inevitable due to the thermal

gas e
expansion of oceans and increased melting of Jand-based ice, placing
areas farther infnd at increased risk {Seiver et al, 2012, Bamber and
Aspinall 2013, Miller et al, 2013, Kopp et al. 2014, USGCRP 2017},

AtaGlance
i Coastal communities face ‘co‘nsidéq"ab!e isks
from storms; ¢oastal- idading. and shoreline
erosion; s climate change contributes -
“forising sea levels and anincrease inthe
‘intensity of tropical cyclonies; the frequency.
\and severity of thiese hazards will continiue
‘thfow S Cren

»Altholigh hard afméring, stich:as seawalls

and bulkheads, contintestoexpand
salong populated coastalareas, people’

- are increasingly embracing natuiral.
Cinfrastructure to'reduce risks: ¢oastal
‘communities.have beenimportant rest -
beds for demonstrating the efficacy of

snaturalinfrasfriciure toaddress a rangé sl

‘of natural hazards e i

L Coastal nattral infrastroctire approaches o
- vange from protection and restoration of -
natural systems and use of living shorelines,

o volantary buyouts and protection of
“Coastal openspace: sl

ot sesgortion o Zonistana, Phose: Coustal
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NATURAL DEFENSES FOR COASTAL HAZARDS

al

Following two decades of particularly destructive tropi

stornms and hurricanes, coastal ities are it

protection and restoration of natural systerns and usc of liviag

horefines, to volunta

their tools for keeping people safe and protecting property and
infrastructure. Althoagh hard anmoring continues o expand
along populated coastal areas across the country (Gittomn
ly natural
ructuse as part of the solution. Approaches range from

et al. 2016), ities are T

infr:

COASTAL HABITAT RESTORATION

buyouts and protection of coastal open

space. fndeed, con ommunities have been important tost

beds for demonstrating the efficacy of matural infrastructure for
reducing risks from a range of natural hazards (Spalding ot al.
2014b, 2014

Coastal habitats, such as freshwater and salt marshes, mangrove
forests, beach and dune corplexes, and coral and oyster reefs,
can provide significant dsk reduction benefits to coastal
comynunities (Rezaie et al. 2020). For instance, fiekd-based
round the world reveal that coasta] habitats
¢ 35719 (Narayan et al. 2016).

n

Floshla s Floten Naséona Crvntic and Aveesgheric Adwiiserati

Coastal Wetlands

A recent apalysis of all 88 tropical storms and hurricanes that
impacted the United States between 1995 and 2016 found
that affected counties with greater areas of wetland coverage
experienced significantly less property daumages than those
Although the
vahue of the protective benefits provided by

with little or a0 wetlands {Sun and Carson 2020)
exprected economic
wetlands varies from one region and storm to the next, wetlands

can provide an average vatue of abaut $700,000 per square mile

anmusally (San and Ca

on 2020). During Huericane Sandy in
2012, coastal wetlands prevented an estimated $650 million
in direct flood damages (Narayan et al. 2017). Along the Gulf
Coust, the benefit-cost ratio of wetland restoration for flood
K reduction is estimated to be &1, compared with only 0.99:1
for Tacal Tevees in bigh-risk areas (Reguero et al. 2018).

Scientists estimate that nngrove forests around the world

reduce property damage by more than
thore than 15 million people per vear from coastal flooding
(Menéndez et al 2020). Evidence has shown that mangre

5 billion and protect

can
reduce wind- and swell-driven waves by 13-66% per 328 feet of
et al. 2006, Quartel et al, 2007, Spalding et al.
201435, In southern Florida, for instance, reseacch found that

mangrove (M

intact mangroves and riverine mangrove habitat reduced peak

storm surge heights by as tuch as 3 inches for per half mile
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during Hurricanes Charley (2004) and Wilima {2005) (Krauss
et al. 2009). Tn addition, mangrove forests in the region were

found 1o slow the rate of Hurricane Wilma's storm surge and
reduce inandation of inland wetlands by an area of nearly 700

square miles (Zhang et al. 20123

Beaches, Dunes, and Barrier Istands

The broad range of benefits to communities from ecologically-
sound beach and dune restoration projects can significantly
outweigh the costs, even when considering that beaches and
¥ require periodi
ist and keep pace with rising sea levdls and more

dunes

sand nourishment and plantings

to pe

intense stopms {(Taylor et al. 20155 Recent storm events have

demonstrated the effectiveness of beach and dune restoration

from a risk reduction perspective. Following a nor'easter in
1992 that flattencd duncs and caused major flooding to coastal
n Mow

to & height of

communit Jersey, dunes in some areas were restored

feet and a width of

feet wsing snow
ne Sandy hit the
suffered some damage, but adjacent

foncing and dunc plantings, When Huzsi
region in 2012, the dune:
beachfront commnitics avoided severe flooding and damages.
A neighboring community without restored dunes suffered
jor losses {Barone et al. 2014).

As their name implies, barrier islands

nalso play a significint
rolein buffering the mainland coasline against waves and storm

surge (Oliver and Ramirer.

wila 2019, A study of Hurricane
na coast found that
stand deflected much
of the surge waters eastward, reducing its impact on Galveston
Bay (Rego and Li 2010}, Research also suggests that farge-
restoration of barrier islands ip Louistana and Mi
ve heights by up to 90% and stow peak storm surge by
up to two hours relative to a degraded
et al. 2009).

Ike's storm surge dlong the Texas- Lovisia

both Bolivar Peninsula and Galveston

sippi can

reduce w

stem (Grzegorzewskl

Coral and Oyster Reefs

Coral and oyster reefs act as breakwaters that reduce shogeline
erosion and attenuate wave height and energy as waves move
Tandward (Ferrario et al, 2014, Manis et al. 2014, Beck et al.

2018}, A mieta-an;

sk reduction benefits provided by
coral reefs around the world suggests that they can reduce wave

LIVING SHORELINES

energy by an average of 97% compared with areas without
d flood

coral reefs {Ferrario et al. 2014}, Using process-b

models, Beck et al. (2018) estimmie that, acress the worlds

reef-lined coasts, coral ree

reduce annual expected damages
from storms by more than $4 billion, Without reefs, annual
damages woukl be more than double that amount. In the
United States, Stortazzi ot al. (2019) estimate that coral reefs
would reduce flood risks for more than 18,000 people and
save more than $1.8 billion in avoided damages under a range
of potential coastal storm scenarios. Restoration of natural

5. Grological Srsey.

ayster resfs also has become ncrensingly popular

to reduce constal erosion, while providing 2 range of other

measure

ceosystem services {Scyphers et al. 2011). In San Francisco Bay,
ample,
oysters and eelgrass was found 1o reduce wave energy by 30%

for ex storation of both sative

project that included

compared with unrestored areas, in addition 1o increasing
(Newkirk ¢t al.
2018). Healthy, growing oyster recfs may also have the ability

habitat, food resources, and biodiversi

to keep pace with rising sea levels naturally, particalatly in
interticlal zones, which would help maintain their protective
benefits ever time (Redriguez ef al. 2014).

Living shorelines refer to a rnge of shoreline stabilization
techniques to reduce erosion through the use of ecological
as apposed to strictly gray infrastructure {NOAA
2015, Hilke otal. 2020), A liviog shoreline generall
natural smaterials, such as vegetation, r

approaches,

Corporates
s, and shells, either

used alone or in combination with engineered structures
for added stability, Commonly used structural components

include coustructed reefs, sills, revetments, and biologs (e.g.
<oir or fiber logs). Living shorelines typically serve to reduce
shorline crosion in ways that enbance habitat value and

support natural coastal processes, while also providing added

storm protection. The application of living shorclines spans
the fall range of approaches-from cormpletely natural (“soft”)

approaches like newly placed vegetation, to hybrid {“green-
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aray™) approaches. Like other forms of natural defenses, living
shorelines have the capacity to adapt to changing conditions
and self-repaic following storms, and they are often more cost~
effective for shoreline stabilization compared to conventional
forms of shoreline armoring Iike bulkheads,

Vegetation Only

In some areas, enhancing vegetation fu degraded areas or
creating vegetative cover in non-vegetated tidal areas can be
sufficient to redure wave height and erosion (Subrarmapian
et al. 20081, Field observation research in the Chesapeake
Bay, for example, found that areas planted with Sparting
alterniflora demor

ate significant wave attenuation capacity
during storms (Garzon et al 2019} Dwring a 100-

vear storm,
the marsh was found to reduce wave height by 70% (Garzon
et al. 2019%. In addition, for every dollar spent 1o construct

s returned

vegetative shoreline stabilization, as much as $1.75

o the economy
including submerged aquatic vegetation, fish,
benthic organisins, sheltfish,
(Subramanian et al. 20081, Farther, Gittman et al. (2016} found
that shorelines hardened with seawalls support 23% Jower

in the form of improvenients to ecological
resourc

vaterfowl, and wetland habitat

biodiversity and 43% fower organissus than nataral shorelin

importanily, monitoring may be necessary in the early stages of
praject implementation to ensuze that newly planted areas have
conditions sufficient 1o enable the establishment, survival, and
20200,

growth of associated plants (Shao et 2

Cotabined Vegetation and Structural Approaches

Hybrid approaches that blend vegetation and other natural
structural materials may offer greater protective benefits
than vegetation alone, and at a lower cost than conventional

hard armoring. A coroparative cost analysis of ten shoreline
protection measures in the Hudson River estuary, for instance,

found that, under a scemario of rapid sea-level rise, sites with

ccologically enbanced features such as vegetated geogrids (i.c.
suceessive layers of soil wrapped in geotextile fbric) and rock
silis would have significautly lower maintenance, damage,

and replacement costs when compared with those with hard
armoring (Rella and Miller 20141 In addition, property owners
with bulkhea

for installation, annual maintenance, and storm-related 1«

in North Carolina have reported paying more
pRirs

campared with those with sevetments and natural shovelines
(Gittman and Scyphers 2017, Smith et al. 2017). Recent
analysis of 17 living shoreline sites with sills
of North Carolina found that shoreline change rates at 12 of

along the coast

the sites exhibited a significant reduction in the rate of erosion
compared to contzol sites, and six of those sites were observed
10 be accreting (Polk and Eulie 2018). During Hurricane
Matthew in 2016, a iving shoreline project on the Outer Banks

corposed of restored salt marsh and rock sills proved more
ds (Srith
ot al. 2018). Based on monitoring data from five fringing oyster
n, La Peyre et al. (2013) found

that the reefs reduced the rate of marsh edge erosion by an

effective at reducing shareline erosion than bulkhea

in coastal Louisk

reef projes

average of 3.2 feet per year along moderate- and high-expostre

shorelines. In addition, a project to construct and restore more

than 3.5 wiles of vyster recls in Mabile Bay, Alabama, to protect
ve heights

by 51-90% and reduce wave energy at the shore by 76-99%,

a natural vegetated shoreline is expected 1o reduce wi

while also supporting the local fishery and improving constal
water quality (Kroeger 2012).
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PROTECTING COASTAL AREAS FROM DEVELOPMENT

Protecting and restoring natural open space offers one of the
best opportusities to reduce risks to coastal communities.
Strategies can include voluntary buyouts and restoration of
acquired lands, as well as policies and programs to protect
coastal open space from new development In current and
future hazard-prone areas.

Voluntary Buyouts

As is the case it areas where properties have been heavily

damaged from inland floods, some coastal areas

< engaged
in voluntary buyouts and property relocation to protect both
people and assefs—steps that will likely besome unavoidable

in some areas along the U oastline as sea-level rise
increases risks from erosion, stovin surge, and tidal inupdation
{Fleming e al. 2018). Several commumities have afready
begun removing praperties damaged or destroyed by erosion
and flooding and investing in habitat restoration offorts to
v of Pacift

in San Mateo County, California, has been partnering with

enhance coastal resilience. For instance, the

local land tru tions

and other nongovernmental organiz
to purchase and remove vulnerable structares and invest in
marsh restoration to address worsening erosion and flooding
along the community’s beach (Estuary News Magazine Team

2013). Although the project required cons
i to impl it bad widespread support from local
government leaders and the public and will ultimately save the
The City of Ventura,
California, has completed a managed retreat project at Surfer’s

derable upfront

community money in avoided losses

Point, which has experienced frequent damage from erosion.
Key public infrastructure, including a parking lot, pedestyian
path, and path bikeway were relocated, and saud dunes and
bioswales have been maintained with native vegetation to
reduce stormwater runoff and provide protection from wayes.

EXTREME HEAT A

ey

Success of the project was credited to collaboration across afl
rujor stakeholders and strong grassroots support (Kochnower
et al. 2013},

Coastal Open Space Protection

There ate a number of lands in both current and projected
foture high-r
development, which not only would avoid risks to people

k arens that could be protected from further

who otherwise might inhabit those areas, but would also
provide natural buffers for existing comumunities and support
the preservation of wildlife habitats (Smith 2009, Brody and
Highfield 2013, Berke et al. 2014
mtermediate lands” (i
density developraent, such as some agricaltural Jands, but

For example, a 2009 study

d as Jow-

of areas charac

with expected future development) found that conservation
transfer of
res could

fand acquisitions, zoning

development rights, and other non-structural meas
effectively limit development and reduce risk dlong the Atantic
2 feet in clevation {Titus et al. 2009).

coast for areas belov

Indeed, existing policies that have encouraged open space

protection in hazard-prone coastal areas have proven successful
in reducing risks. The Constal Barrier Resources Act (CBRA),

which established the John H. Chalee Coastal Barrier Resourc

3
Sysiem (CBRS), helps profect undevelaped arcas on the const
by prohib
in environmentally sensitive areas (Millerman 2010). Toda
CBRS covers nearl
istands, beaches, wetlands, and 2
Recent analysis estimates that, between 1989 and 2013, the
CBRA reduced federal co by
billion from what etherwise would have occurred had the lands
included in the CRBS been developed at a rate comparable to
other coastal areas {Cobuen and Whitehead 20193,

ND DROUGHT

ng federal subsidies and services for developments
the

tal land, including

saciated aquatic habitat,

stal dis

ster expenditures

i Together, e ‘hea‘t anddroughtare’
“contributing toa range of challénges; including:
‘water shortages crop losses; damage to.aguatic: |
and terrestrial Habitats ‘and severe wildfires; :
together, drought and heat waves were respo

6f the billion:dollar weather and climate disasters
from:1980.10:2019; behind tropical cyclones:

ble:
for the secondihighest number of deaths among all

YA number of natiiral infrastructure approaches

Careeffective in mitigating exireme heatand
drought;oftenin tandem: Strategies range from.

Swatershed protection and restdration and urban
green infrastructure——suchas planting trees and
installing greenroofsito waterconservation ata

Variety of scales:
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UNDERSTANDING RISKS FROM EXTREME HEAT AND DROUGHT

While imany weather- and climate-related disasters are caused by
vm too Hile
treme drought conditions across the Southwest and

too much water, natural disasters can afso result
water. I
Plains i the summer and fall of 2018, for instance, contributed
to more than $3 billion in damages to the agricultural sector.
Erom 1980 to 2019, economic losses from drought amounted
to nearly $230 billion, compared with just under $147 billion
from inland flooding (NOAA 2020b).
heat waves were responsible for the second-highest number

A sther, drought and
of deaths among all of the billien-dollar weather and climate
disasters over this same period, behind tropical cyclones
(NOAA 2020b).

Climate change Is contributing to a0 increase in both extreme
heat and drought conditions across much of (he United States
FCRP 2018). Heat waves are occurring more often than
the United States, from an

sedd 1o In major cities acre

e of two heat waves per year during the 1960s to more

than six per year during the 20105,

In addition, the average heat

wave season across 30 major cities is 47 days longer than it was
in the 1960s (USGCRE, nd
have boen twice as many hig
the country, and the nupmiber of new

. Over the past two decades, there

-temperature records as Tows

termperature records acr

Trighs has surpassed the nusmber of pew lows in 15 of the past 20
5 (USGCRP 20173 IF clinmate change continues upabated,
scientists project twice as tany days per year with a heat index
over 100°F and fourtimes
F by the 2050s {UCS 2019). In addition, a combination
of higher air temperatures and altered precipitation patterns

many days with a heat index above

are contributing to increasingly severe droughts, which
are compounded by increasing human demand for water
[AghaKoushak ot al. 20151,

Together, extreme heat and drought are contributing to water
shortages, crop losses, public health risks, damage to aquatic
and terrestrial habitats, and severe wildfires. Across much
of the United States, there has been a substantial increase in
concurrences batween both heat w;

es and meteorological
drought (... drouglit associated with dry weather) over the past
50 years (Mazdiyasni and AghaKouchak 20153, Such combined
events can have considerable social and ecological implications.

For exatnple, the 2011-2016 drought in California, which was
characterized by both fow precipitation and high temperatures,
killed more than 125 miflion trees {AghaKouchak et al. 2015,
USES 2019),

Diffenbaugh ct al. 20

Heat Wave Characteristics in 50 Large U.S. Cities; 1961-2018
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NATURAL DEFENSES FOR EXTREME HEAT AND DROUGHT

A number of natural infrastructure approaches are cffective
in mitigating extreme beat and drought, often in tandem.
Strategies range from watershed protection and restoration and
urban green infrastructure, to water conservation at a variety
of scales. T cities, for instance, increasing pervious surfaces
alized alr and surface

through vegetation cover can reduce I
and help replenish groundwater by capturing and
filtering rainfall. Tn addition, urban forest canopies can keep

temperatur

Tocalized temperatures Jower through shading and evaporative
conling, reducing the so-called “urban heat island effect™an
increasein air temperature in cities relative to surrounding areas
(Levinson et al. 2019). tn rural ageas, strategies such as beaver
restoration and riparian vegetation restoration can help store

wates and keep nearby streams cooler. And forest
efforts across the country help safeguard water resources for
people and wildtife alike.

Sign romdered, Flota Pesipits Wikdmedi Commans

2

WATERSHED PROTECTION AND RESTORATION

o
.
.

-

Restoring wetlands, forests, and other natural systems can offer

considerable drotght mitigation benefits.

Watershed Restoration

Becanse of their conpection to groundwater, wetlands, and
subsurface water Hows, headwater strearns are particularly
inportant for maintaining base flow in Targer streams. In the
conterminous United States, headwater streams comprise 79%
of total river length, and they directly drain more than 70% of
the tand area (Colvin et al. 2019}, In addition, forested areas
ystem by collecting
and filtering rain and snow and releasing water into rivers,

within watersheds support the hydrologic

streams, and groundwater aquifers, Protecting and restoring
vatural watersheds s essential for sustaining plentiful water
resources. Indeed, forests alone provide about 30% of the
surface water supply in the West, and up to 35% of consumed
water in the South {Brown et al. 2008, Caldwelf et al. 2014}
the for

meadows, and strearns that supply swater to Ifs reservoirs-—are

In California, so-called “source watersheds™

N

considered, by Taw, as an integral part of the states water system
infrastructuse {Pacific Porest Trust 2017). Scientists estimate
that restoring matural water jofrastructure through activities
such as mechanical thinning, prescribed fire, and restoration of

For example, a study of three unique canopy types in an

Arizona ponderosa pine forest found significant differen

in snowpack accumulation, with the more open areas that

received treatment accumulating 50-70% more snow than
the areas of dense {untreated} canopy (Heffelfinger 2012).
s that

restoring more than 4,604 square miles of agricultural land

in the southeastern United States, resea

I sugge

along the Aliamaba River ba
a positive impact on surface water supplies by providing
11.4% water vield for 46-inch average annual precipitation
(Halleroa et al. 2019,

in to loblolly pine would have

Beaver Restoration

North American heavers are ecosystem engincers. Prior ta theie
neat extirpation in the early 19005, beavers helped create and

paaintain wethinds and riparian ecosystems across much of the
United States (Dittbrenner et al. 2018, Bailey et al. 2019 In
addition to supporting numerous species of fish and wildlife,
beaver-created wetlands can recharge groundwater, sustain
summer water flows, provide natural firebreaks, and reduce
downstream flood risk by slowing and retaining floodwaters
(Norman et al. 2019}, Given this, there hias been growing
interest i restoring beavers to portions of their former range

.

.

natural stream channels in five of the state’s major watersheds  to enbance stream conditions and help witigate drought

(Pilliod et al. 2018} In some cases, beavers have been relocated

could yield an average of 300,000 acre-feet, or almost 100

i

.

trilion gallons of water, annually {Pacific Forest Trust 2017},
In addition, several studies have investigated how various
forest thinning techniques might help forests accumulate more
snow, which is an essential source of summer water in many

into formerly occupied habitats or encouraged fo recolonize
on their own by enhancing attractive habitat features. In
athers, managers have fmplemented “beaver mimicry” by

installing instreain structures that play a sisilar role in stream

parts of the West (Bales ef al. 201 1a, 201 Tb; Heffelfi 20123

norphology and hydtology. A number of studies have
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demonstrated the incrensed swater storage benefits provided by

beaver restoration projec or e

mple, a stady of wetlands
and beaver activity over a S4-year period in eastern Alberta,

Canada, found that during wet and dry
be
open water when compared with  period when the animals
were absent from those sites (Haod and Bayley 2008). In

years, the presence of
wctated with a 9-fold increase in

r populations was

URBAN GREEN INFRASTRUCTURE

Colorado, rescarch suggests that the presence of beavers in
can create a physically complex hydrologic
environment that buffers the impacts of high and low flows
m7
to raise the water table and flood surrounding ar

wide river vafle

Further, beaver dams have been found
s, recharging

(Wegener et 7

nearby water sources ( Westbrook et al. 2006},

In addition to helping communities address cisks from
inland flooding, urban green infrastructure can help reduce
temperatures

ar provide relief during heat waves,
Urban Trees and Other Vegetation

Expanding the area of trees and other vegetation in cities

s considered o be one of the most effective and Teast costly
approaches 1o reducing the urban heat sland effect (Tivesley ot
al. 2016}, Establishing a tree canopy, in particular, can reduce
Tocal temperatures by providing shade. In addition, trees, grass,
and other vegetation can reduce heal through the process of

evapotranspitation, which draws heat from a surface when
Tiquid moisture is converted into vapor (Peters et al. 2011,
Coutts et al. 2013, Bounoua et al. 2015, Feng 2018).
of multiple studies found that vegetation in urbag areas can
reduce the surrounding air temperature by D.9-7.29F (Qin
et al. 2013). Research by Loughner et al. (2012} found that
expanding vegetated areas throughout a city can reduce surface

review

air temperatures by as much as 7°F Further, Z8lch et al. (2016)

suggests that planting trees can reduce heat stress by as much
30, particularly if plantings ocour strategically in heat-

exposed areas.

as

A study of the surface temperature-reduction benefits of ten
different species of trees found that asphalt in shaded areas
ranged from 24.8° to 41°F cooler than areas exposed o sun
(Napoli et al. 2016, In addition, shade provided by trees can
reduce surface temperatures on exterior walls and rooftops

bald wter durirg dry

by as much as 45°F and it can reduce a buildings interior

temperature by reducing the amount of sunlight that passes

through windows (U.S, EPA 20081, A study in Phoenix, Arizona,

also found that vegetated sarfaces provided as much as 2 43°F
surface cooling compared with bare soil on Iow-hurmidity

summiner days (Jenerette et al, 2011),

Green Roofs and Cool Pavement

Sroor &

A“green roof” consists ofa waterproofing membrane, a growing
medium such as soil, and vegetation on w structure’s rooftop te
provide a range of environmental benefits (GSA 2011). Using
green roofs in wrban areas can help moderate the urban heat
istand effect, pasticularly during daytime hours (US. I

For example, research has shown that the temperatures on green
roofs can be 30-40°F tower compared with conventional roofs
{e.g., DeNardo et al. 2003, U.S, EPA 2008, GSA 2011, Sai
al. 2011, Berardi et al. 2014, Santamouris 2014, Sun et al. 2016).
on of temper

ure data collected at a green roof si
and nearby back roofs in the New York City area found that
a green roof offers a demonstrable cooling benefit {Gaffin ot

al. 2010, Culligan et al. 2018). In particular, peak temperatures

on green roofs we

re, o average, 60°F cooler than black roofs
during summer. And a study of green roofs from around the
world shows that, compared with the arobient temperature,

the cooling effect of a green roof on surface temperature can




b
-

o
AL
3

-
=

.
e
N
S

.

L

i

.

&

S
o

b

L

111

range from 1.4% to 54°F, with the variation reflecting different
study approaches, localized conditions, and other factors (Qiu
el al. 2013). On a broader scale, rescarchers have found that the
use of green roofs could provide arabient cooling of as much
as 5°F across entire cities {e.g, Lin and Bass 2005, Rosenzwely
et al. 2006, Santamouris 2014). Not only will such projects
help reduce risks to vulnerable populations, but they can help
communities reduce energy consumption for both winter
heating and surer air conditioning (Castleton et al. 2010).

The use of “cool pavement” as an alternative to conventional
materials, such as impervious concrete and asphalt, has also
been shown to reduce outdoor air temperatures, often at a
Tower cost than green roofs. Conventional paveraent can reach

WATER CONSERVATION

peak summertime temperatares of 120-130°F due to factors
such as Jow solar refloctance (., the percentage of solur energy
reflected by a surface) and thermal emittance (i.e., how readily
a material sheds heat) (Pomerantz 2000, US, EPA 2008, Sen
and Roester 2017). Carrent cool pavement approaches, which
may entail ming lighter-colored and permesble materials, can
moderate both factors by reducing the amount of heat that is
absarbed and stored {Lit et al. 2048, Sen and Roesler 2019}
For example, research suggests that if pavement seflectance
throughout an wrban area were increased by 10-35% through
ase of alternative materials, air temperatures could be
reduced by 1°F, depending on the clty geography and climate
(Pomerantz 2018).

Reducing water consumption is an hnportant approach to
improve water sectrity in communities faced with frequent
drought (Reeve and Kingston 2014). For example, reducing
urban outdoor water use, which includes limiting the amount of
wwater that is used for Tandscaping inyards, parks, and other green
spaces, can help communities meet their water consumption
goals. Sirategies may include conserving water by capturing
rainfal for reuse, using less water in landscape management, and

enconraging landowners to replace lawns with native, drought-
resistant plants. Tn addition, farmers across the country have
found that certain practices, such as no-till farmoing and use
of cover crops, can reduce their anpual water requirements.

Rainwater Harvesting

In response to worsening droughts and a desire to enhance
water conservation, inferest in rainwater harvesting has grown
in many areas {Ennenbach et al 2018, Radonic 2018). In
general, rainwater harvesting invelves collecting runoff from
impervious surfaces such as raofs, driveways, and parking areas,

rrels and cisterns,

and putting it into systems such as rain ¥
Although results vary by rainfall fevels, the
area, and water use patterns, in some regions, a single 50-galfon

« of the drainage

vain barrel nstalled at a residential pareel has been estimated
ving efficiency for non-

1o provide as much as a 50% water
potable indoor water demand [Steffen ot al. 2013}, Ennenbach
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et al. (2018} ass
the county fevel 2

ed the visbitity of rainwater harvesting at
cross the conterminous United States and

found that residential water demand could be met with greater
than 20% reliability over much of the country from rainwater
collected from the typical roof area, Tn particular, low
population-density counties lrave the potential to meet as much
as H0% of their annual residential water needs, compared with
about 20% of needs in high-density counties.

Xeriscaping
Outdoor irrigation is the single largest residential end use

of water in the United States.
country ave seeking ways fo reduce outdoor water use through

Thus, water wiilities across the

a variety of programs. Xeriscaping, which is the practice of
replacing Jawns and other itrigation-dependent lands

apes
with drought-tolerant plusts, mulch, and efficient rrigation, is
Being incentivized throngh innovative progrars by a number
of utility providers (Nolon 2016). In seuthern Nevada, a
five-year study showed that homes that had converted turf
fawns 1o xeris

ped landscapes saw & 30% annual reduction
in total houschold water use, equating to nearly 100,000
gallons amuwally (Sovocool et al. 2006), Iy California, average
annual turfreplacement water savings for among programs

L

L

at ninewater agencies range from 18% to as much as 83%,
depending on geogeaphic climate differcnices, programsmatic
variability in handscape and irrigation replacement options,
and other Factors (Seapy 2015).

Water-saving Agricultural Practices

As droughts have continued 10 worsen across nwch of the
country, farmers are seeking cost-effective ways to manage
water resources, Practices such as no-1ill farming and using
certain types of cover crops, for instance, have proven to have
significant water-saving benelits, Plot studies at 2 wheat farm
in Akron, Colorade, during a severe 2011 drought showed that
the conventional tiltage production system employed prior to
wheat planting resulted in 3.4 inches less availble soil water
yster (Lal et al. 2012,
Following the extensive 2012 drought, which affected meore
than 80% of agri

crops with corn experienced about 79% of typical vields, more

at planting compared with the no-till

cultueal fands nationwide, farmers using cover

than 10% more than those not using cover

rops (O'Connor
2013, Bergtold et al. 2019). T an analysis of potential changes
in agricuitural practices in fows, Basche (2017} found that
continuous cover systerus tmake an average of 9% more water
available to plants than do annual crop systems.

V%‘ b
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UNDERSTANDING WILDFIRE RISKS

Wildfires are a nutural and integral part of many forest

ems. By contributing to shifts in ecosy
structure, composition, and function, fires can create
heterogencity across the Jandscape and  enhance
biodiversity {Brown and Smith 2000, Thom and Seidl
2016}, Over the past fev
and extent of wildfires have grown considerably, as have
the impacts to human communities and the natural

decades, however, the severity

ecosystems themselves (McKenzie et al. 2004, Running
2006, Westerling et al. 2006, Hicke et al. 2016, W
2016, Seidt et al. 2017, Stephens et al, 2018), T
due to 9 conbination of f

esterling
trend is

actors, inclading overly dense
forests due to histerical and present-day five suppression,

the axpansion of highly flammable invasive species in
places, and changing climatic couditions, which have
led to intense droughts and altered hydrology (Millar
and Stephenson 2015). In California, for instance,
age temperatures and a 30% dectine in fal

higher o

precipitation over the past four decades have doubled
the number of da

s with extreme (95th percentile)
fire risk (Goss et al. 2020). Across much of the West,
the occurrence of s

alled “mega-fires™those with
areal extents greater than 100,000 acres——tas increased
considerably { Adams 2013, Heyek-Williams et al. 2017).
A growing concern is the significant increase in people
Lwing in the so-called “wildland-urban  interface”
(WU, which is the area where houses are in or near
wildland vegetation (Radeloff et al. 2018). As of 2010,
the WUT of the conterminous United States contained
about 44 million houses, with the highest concentrations
etal, 2015),
are often at higher wildfire risk due the

in California, Texas, and Florida (Martinu

ity of sructures 1o flamable vegetation as well
as the potential for hupan-caused ignitions.

Surel ’ 8 ip Fire i Cafformia, Fhot

At a Glaﬂce :
o Aithough wddﬁre is:a patdral process in many
“forest shrubland; and: grassland Systems,

‘managed wlfdﬁrcs and prescnbed ﬁr

wildfires have pased heightened risks to human
communities it recentdecades, owing inpant
o historical and current laridiuse practices and
ﬁsuppressmn of iatural fire regimes, deve!opment
in fire-pronie areas expansion of invasive spec;es, :
“and changmg <limatic conditions:. :

> Ecological forest management suchas

o restoring natural fire régimes, targeted thmnmg
 prescribed fire; arid post-fire restoration, s

help ameliorate the threat of wildfire while
providing co-beneﬁts thatinclude: mcreased
< water, quantity and quality:and lmproved habxtat
for fishand wildife. .- : :

> Heipmg comminities prepare for. ﬁres and adapt

16 fire-prone surroundings ina variety of ways

Gindl uding creating " defensible space” around
Ustruictures, retiofitting structiresio bemore
fire-resistant. and engagingin collaborative
community: p}annmg) isessentialio addressmg
- wildfive riskin communities and will also improve
fire mamagars abx ity toincreasethe: use of :
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NATURAL DEFENSES FOR WILDFIRES

Wildkad fire management i an ers of dlimate change can
have seversl objectives, including reducing risks to people and

property and enfancing the health and resilience of ecosysters.
Although fire management may achieve both objectives

simultaneon: s on a namber of

the ability to do so depen

factors { Vaillant and Retnhardt 2017). In arcas where the risks
to public safety, property, and natural resources are particularly
high, options skew toward fire prevention ({e.g., reducing
ignitions and supp

ion {e.g., incident response}, in addition

to fuels management (e.g., mechanical thinuing and prescribed
fire). Yet, manageroent efforts must also account for the effects
of more frequent and severe wildfives on forest ec

ystems more
broadly. Natural and nature-based approaches for wildfire risk
reduction range from ecological forest management practices,
such as restoring natual fire regimes (including ketting fires
burn where safely possible} thinning, prescribed fire, and post-
fire restoration, to policies and programs that help comuunities
adapt 1o a fire-prone landscape.

ECOLOGICAL FOREST MANAGEMENT

Ecological forest management bas emerged as an important

concept for addressing wildfire risks a5 well as enbancing the
i ecosysterns {D’Amato et al. 2011, 2018; Kelsey
2019). Specificatly, ecological forest management may include a
ribed fire, and roanaged
wildfire to reduce the risk of high-severity wildfire and promote
(Stephens et ak 2016, Kelsey 2019).
Done thoughtfully, the approach can help balance tradeo

health of fore

combination of s

rategic thinning, pr

healthier, raore resilient fores

between short-term impacts of treatiment with long-term benefits
019, Keofeheck

et al. 2019). Further, restoring ecological functions and processes

of reduced risks of targe, Bigh-severity fires (Kelse

of forest
in communities within the watershed.

stems can protect water resources and veduce flooding

Treatment  prescriptions  vary depending on  treatment
abjectives {which should be dearly established up front! and

forest type. Different for

Wypes have different natucal fire

3. There is a body of literature showing that treatrnents
can modify wildfire bebavior and result in better wildfire
outcornes {e.q, Johuson et al. 2001, Kerhoulas et . 2013,
Stevens-Rurmann ef al. 2013, Loudermilk et al. 2014, Kalies and
Kent 2016, Walker et al. 2018). The following are examples of
ecological forest managewent to reduce wildfire risk:

Combined Fuel Reduction Treatments

A post-fite as

ssment of the high-severity Angora Fire, which
destroved 254 homes in the Lake Tahoe Basin, California, in
2007, found that areas that received. fuel reduction treatments
(including thinning and burning of shash piles) prior to the
fire experienced considerably lower degrees of damage and
tree mortality than those that had not been treated, with the
exception of areas where slope steepness led fo Jower Jevels
of fuel removal due to Jocal standards for erosion prevention
(Safford et al. 2009). A study by Waltz et 1. (2014} similarly
found that areas that received fuel reduction treatinents

experienced lower burn severity during the 2011 Wallow Fire
in Arizona, wh
the largest wildfire in the state’s history. On average, trees killed

ch coverad more than 469,000 acres to become

Forst thinzing o E
Pty Ken S, Fich ausl Wil Sorvice

in untreated units pumbered six times as omny as those Kifled
in treated units. Tn addition to providing firefighters with
opportupities to protect residences during the fire, treatments
that allowed for clumps of trees and butfers for wildiife habitat
in reducing five spread than those that
resulted in evenly distributed trees with complete removal of

were even more effect?

fadder fuels {Kennedy and Johnson 2014). A combination of
thinning and prescribed fire in eastern and southern California

was found to have
during 12 wildfres that occurred between 2005 and 2011
{Satford et al. 2012). In 2018, the Golf Course Fire caused the
evacuation of 300 homes as it burned west o

significantly reduced burn severity in trees

rand Lake,
Colorado; but no lives or stractures were fost duc to the suc

e8S§
of strategic fire management planning and risk-reduction
measures (Colorado State Forest Service 2018). Since 2015,
the Cologade State Forest Service and its partoers conducted
fuel treatients, including removal of beetle-kifled trees and
creation of fuclbreaks, on more than 200 acres of land adjacent

to subdi

tons that were ultimately mpacted by the fire.

Wiledfires
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Both firefig and emerpency resp praised. these
ignificanty aiding their ability to protect the

e 2018).

efforts as

{Colorado State Forest S

ComTmanty

Prescribed Fire
Prescribed five, which entails the deliberate application of fire

in ecological s

terns to achieve a variety of may

wgement goals,

has proven tobe an effective tool in reducing the areal extentand

severity of wildfives across a range of forest types {Fernandes
and Botetho 2003, Calkin e
as noted by Kolden (2019), presc

raandes 2013), lndeed,

bed fire is one of most

fely
advocated management practices for mitigating wildfire risk
The
U.S. National Cohesive Wildland Fire Management Strategy,

and restoring the ecologicat health of fire-adapted systen

for instance,

specifically identifies prescribed fire as the most
cost-effective solution over the largest potential arca of the

United States, when compared with both non-fire vegetation
treatment and managed wildfire (Wildland Fire Leadership

Councit 2014).

B, Pl 155, Porest Sorvie

In the southeastern United States, prescribed fire has been 2
, for example,
carchers evatuated a 30-year record of wildfire, prescribed
affected
. From
se i the area burned

long-standing practice. In Fort Benning, Georg

ro

fire, and drought to determine how prescribed fire b

wildfire incidence in the region (Addington et al. 20
1982 to 2012, there was an overall increa
by prescribed fire corresponding with Fort Bennings incseased

use of fire for meeting both fuct reduction and ecosysterm
management  objectiv
incidence declined, and annual wildfire §

Over the same period, wildfire

cidence appears 1o
have stabiliz

d at or below 100 wildfires per year, in contrast
to the 300-500 annual wildfires earlier in the record. Although
the authors acknowledge that the effects of prescribed fire
in managing wildfire i the fature may be wndermined by
protonged drought and a changing climate, wanagers may

ectiveness

be able to continue to take advantage of its o
in reducing wildfire activity when weather conditions are
favorable. In Floridas Osceola Nationd Forest, evidence
that a program of regular prescribed bur
2-5 years) between 1998 and 2008 reduced the likelihood of

suggest

s (every

high-buen severity up to five years after treatment (Malone et
al. 20115, Although prescribed fire has also been an effective
management strategy in the West, the practice has lagged duce
to a variety of factors, including public health concerns about
smoke, narrow burn windows, and Tack of capacity {Melvin
2018, Kolden 2019, Schultz et al. 2019). Recent policy changes
and greater reliance on collaborative governance have the
potential to create greater opportunities for use of prescribed
hultz et al, 2019)

fire across the region (¢

Post-fire Restoration

Post-fire canprovidean imporiant opportunityt

i ate-informed forest at a Jarge scale
(Millar et af. 2007, Peterson ot al. 2011, Halofsky et al. 2018,
Schupmnn et al. 2020). However, forest managers will need
to consider where and when to prioritize active reforestation

(including phnting and contrel of understory vegetation and
TEMOVil

ing snags), versus allowing passive recovery following

a muajor wildfire (White and Long 2019). Indeed, ac
nagement oy be increasingly important in some areas,
as the iapacts of chimate change and other stressors, such
as invasive species, have reduced the potential for forests to

regenerate on their own (Davis et al. 20195 Dey et ol 2018
Kemp et al. 2019; North et al. 2009; Packs et al. 20194, 2019
Stevens-Rumann and  Morgan 2019). Uncharacteristically

large and severe fircs i dry forest ccosystems climinate seed

sources of dominant tree species. Without active restoration

these ageas may never return to forests. To ensure that post-

fire restovation efforts maximmize the resilience of the recovering
forests
that. approaches
I: ity, planting i
removal of organisms, organic material, and other clements

ecornmend

to changing climatic conditions, scientists

us on enhancing habitat complexity and

Iapted species, and

of a post-fire disturbance forest system that are important for

forest regeneration {Leverkas and Castro 2017, Leverkus et al,
2018, Thorn et al. 2018, Donovan et al. 2019).
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LEARNING TO LIVE WITH FIRE

Erom a risk management perspective, Calkin et al. {2014) sote
thiat ncither pre-fice el treatimients nor pos

-fire panagengent
stop fire—they only change fire behavior. Thus, if the goal is
to keep wildfire out altogethes, it is likely to be unobtainable
(Calkin et al. 2014). Accordingly, there is growing recognition
of the need for communities fo fearn to live with and adapt
o fire (Schoennagel et al. 2017, McWethy et al, 2019}, Better
commugity planaing, incuding building codes and zoning

regulations as well as proactive evacuation plannisg, can
improve public safety and reduce property dumage i the
event of wildfire, Strategies may include creating “defensible
space” through development of firebreaks (ic., arcas deared
of vegetation) and fuelbreaks {ie.. areas where vegetation is
reduced), and “home hardening,” which consists of renovating
existing structures using fire-resistant materfals and designs and
istance in

ensuring that new structures are built with fire-
mind, It will also be necess:

ary to allow some wildfires to burn,

particularly where the risks 1o human communities ave low,

Community Planning and Collaborative Risk Management
Across the country, efforts aimed at helping communities five
with fire have been driven by both regulations (e.g., codes and
ordinances) and voluntary, incentive-based approaches. It's
widely recognized that there is no one-size-fits-alt solution
al and
sacioeconommic contexts. Regulatory approaches 1o encourage

because every community Tas its own unique ecologi
mitigation may or may ot work in all cases (Edgeley and
Paveglio 2019). In highly rural areas, for example, resi
often more receptive to options that strengthen community
identity and allow for community-based oversight rather than
to regulatory approaches (Edgeley and Paveglio 2019, Paveglio
et al. 2019). Since 2003, 1 d

ents are

of ¢ bave

Deen working with communities across the country o reduce
wildfire visks by encouraging homeowners fo work together
and improve defensible space i their neighbothonds. Recent
fires bave demonstrated the prograns success in some areas.
For example, in 2017, two consecutive fires n the community
of Indian Lake E

ates, Florida, spared numerous homes and

structures due to risk reduction preparations that homeowners.

made under the program (NFPA 2018),
Effective wildfire risk reduction strategies need to focus not just
on strategies to reduce impacts to property and infrastructore,

but also on wildfire emergency response to reduce risks,
such as idemtification of effective ovacuation routes and
emergency shefters (Steclman and Nowell 2019). This requires
effective collaboration and communication across a range
of stakeholders, a5 well ws integrated efforts to prioritize
appropriate risk reduction measures. Dunn et al, (2020), for
instance, present a novel risk science approach that combines a
range of tools, indluding quantitative witdfire risk assessment,
mapping of suppression difficulty, and atlses of potentiat
control locations, to provide a foundation for collaborative and
adaptive governance in fire ranagement. To minimize future
sisks, it will also be impaortant to discourage new developrent
in areas where the witdfire hazard is high (Schoennagel et al
2017), Doing so can offer a variety of benefits, For instance,
a stmulation of housing growth in San Dicgo County,
California, suggests that purchasing conservation lands to
prevent development would offer both fire risk reduction and
biodiversity benefits, regardless of whether those Tands were
chosen because of high fire hazard or high specics richness
(Syphard et al. 2016).

o Wildfire

and i

wildfire protection
plans {CWPP), as recoramended under the Healthy Forests
Restoration Act of 2003 (Lvans et al. 2013, 2013 ). This success
is due, i part, to the fact that the CWPP process alfows
communities to develop plans that best fit their Jocal and
contexts {Jakes et al. 2011}, The Firewise USA®

ecologic
recognition program, a collaborative effort between state and
federal agencies and nongovernmental organizations, has

Heune pre

Photo:

Allowing wildfies to burn naturally, with suppeession ooly

under definedt conditions, s increasingly being

considered as ap important apy
of the Wes
ribed fire in that it relies

ach to restoring patural
This approach differs from
on natural ignition events, with

fire regimmes in pi

on done only in instances where other management
such as community safoty, are jeopardized (Bodsramé

e al, 2017, Schoennagel et al. 2017). Indeed, recognizing
terns, the 1995 Federal
Wildland Fire Management policy led 1o the reintroduction of

the importance of fire in many ecos

more wildfire in national parks and other public lands, In parts

of Yoserite Natiogal Park, for instance, 40 years of managed
wildfire has contributed to increased Jandscape heterogencity,
and evidence suggests that it has helped improve the resifience
of habitats to drought and fire (Bolsrané et al. 2017). As with
prescribed fire, gaining public acceptance of more wildfire as

both inevitable and potentially beneficial will require education

and conumunity engagement,

URE L Wikdfives
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RECOMMENDATIONS
TO ADVANCE NATURAL
INFRASTRUCTURE SOLUTIONS

As detailed above, nature can play a significant role in reducing
tisks from a variety of weather- and climate-related hazards. In
many places, protection and restoration of natural systems

can

enbance community resitience in the face of increasing risks

from inland flooding, coastal hazards, extreme heat and drought,
and wildfires,

Despite the clear and growing body of evidence demonstrating
that nataral defenses are both effective and cost-effective
solutions for tisk reduction, deployment of these solutions

by communitics remains relatively low. Not only are the risk-
15 underut
policy changes threaten to degrade remaining natural systems

reduction benefits mature o red, but recent federal

and damage thei capacity o buffer communities,

Federal policy-makers havean important role o play in bolstering
the use of natural infrastructure acr

the country and across
different societal sectors, Below we outline some approaches that
wonld help ensure that as a nation we successfully expand the use
of—and receive the greatest benefit from-—our natural defenses.

PROTECT & RESTORE EXISTING FEATURES PROVIDING NATURAL DEFENSES

Oftentimes the most effective hazard risk seduction comes in
the form of undisturbed and bealthy natural systems, As aptly
noted by the Reinsurance Assoclation of America; “One cannot
overstate the

lac of preserving our natural systewas for the

protection of people and proper
(Restore America’s Estuaties 2011,

y from catastrophic events”

Nevertheless, intact ecosystems continue to face pressure from

population growth and development, destructive water and
Tand resource management practices, and new stresses linked to
rapid dimate change. By protacting or restoring existing natural
features, we can maintain their ability fo provide protective
benefits to communities.

i overthe 43, Cap

oot Sioro: chitedt of e Capitof

Support conservation programs like the Land and Water
Conservation Fund that acquire, protect, and/for restore

environmentally sensitive natural systems and open space,

1dentify where natural sy

cms provide ba

rard protection
and other critical services to communities, including
through robust mapping and planning <fforts at the
local, state, and federal levels, Prioritize protection or
restoration of these systems in appropriate plan updates
and revisions {e.g., State Hazard Mitigation Plans, Coastal
Zone Management Plans, ete.).

Allow floodplain ecosystems to better serve thelr natural

functions by adopting policies that encourage new or
reconstructed Tevees to be set back from the water’s edpe to
sustain and enhance wetlands and riparian habitat, reduce
crosion and scour, and lower fload levels.

Defend and steengthen bedrock enviroumental Taws
apd regulations that support healthy ecosystems
and guarantee communities a voie in decisi
that may harm the natural systems that protect their
communities. Recent rollbacks to Clean Water Act
protections threaten over half the nation's wetlands

ons

and millions of stream miles, and should be rescinded.
Similarly, recently proposed changes to implementation
of the National Envirommental Policy Act would
dramaticalt

weaken cnvironmental protections by
allowing projects to advance without full disclosure of
foresceable impacts, and suppressing reaningfal public
cting public bealth and

engagement in decisions imps
the environment.

It
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MAINSTREAM USE OF NATURAL INFRASTRUCTURE ACROSS SECTORS

Improving the nation's resifienice to natural disasters will require
preparedness and planning across governmental agencies and
societal sectors. Most communities histotically have relied on
gray infrastructuee to provide protection from flooding and
ather natural hazards, even where natural or hybrid solutions
might be equally or mote effective and provide a suite of
ancillary benefits, There is an urgent and compelling need
to integrate, or mainstream, the use of natural infrastructure
in sectors ranging from flood mitigation and stormwater
management to transportation. To do this, we must remove
existing barriers to the adoption of natural solutions and
enstire that such approachies are an equally accessible option for

from both regulatory and funding perspoctives.
At minitnum, matwral and nature-based projects should be
both cligible and conpetitive for federal doflars across sectors.
Ideally, these solutions should be the fiest option considered

to reduce hazard risk, and used whenever practicable and

in green infrastructure solutions ranging from floodplain
restoration to green voofs and permeable pavement.

Ensure that the U8,
fully complies

{USACE)
with its existing mandates to evaluate

ey Corps of Engineer

natwral  infrastructure  project  alternatives  where

practicable for ood and storm damage risk reduction.

Additionally, Congress should create new incentives
for the use of pataral infrastructure solutions for flood
protection, including by towering the nonfederal sponsor
cast-share for such USACE projects.

Thoraughly value and account for ccosystem services in
federal and state agency decision-making. Ensure that the
USACE, Federal Emergency Management Agency {FEMA),
and other agency cost-benefit analyses account for both the
ological services fost and gained as a result of a project.

Improve the tools available through FEMA for assessing the

appropriate to address the resilience needs of the ity.

Ensure that natural infrastracture is an eligible use of the
Surface Transportation Block Gramt program as part of the
next surface transportation reauthorization bill. Congress
should also invest additional resources specifically to help
states immprove the resilience of their surface transportation
infrastructure, including through the use of natural features.
This would complement recent efforts at the
Highway Administration to provide techmical assistance

‘ederal

to help transportation agencies improve transportation

systems using natural infrastructure {FHWA 2018),

Codify 8 20% set-aside of Clean Water State Revolving
Loan Fund dollars for the Green Project Reserve to invest

cost-effoctiveness of mature-based projects, such as living
shorelines. Currently, many such projects are disadvantaged

because of

in the mitigation grant application prox
challenges applicants face in meeting benefit-cost analysis
requirements using available data and rools.

Ensure that patural infrastructure projects are not subject to

Tonger permitting timelines or more

omplicated peemitting

proce:

es than structiral altermatives. For example, despite
the creation of USACE Nationwide Permit 54 for hving
shorelines, in many states, environmentally damaging
, like butkheads

structural shoreline stabilization projecs
and seawalls, are still faster and casier to permit than more
ecologically friendly living shorelines (Hilke ot al. 2020,

-

o
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IMPROVE RISK ASSESSMENT AND ENCOURAGE SMART DEVELOPMENT

Over time, the United States has experienced a considerable
increase in the pumber of people living in bazard-prone
environments, from coastlines and floodplains to the fire-
prone wildland-trban interface. Beople in these eavironments
often have an incomplete wnderstanding of their actasl risk
fevel, and some government programs even provide incentives

widespread subsidies, the program should be reformed to

prowote increased proactive and pre-disaster mitigation
to lower sk, and thereby lower flood inserance rates.
Commupity-wide, natural, and nature-based mitigation

should be used and encouraged whesever possible,

Fully support programs providing other critical data
inputs for accur

that encourage people to Jive in harm's way.

e flood maps. For example, both the

. For example, the National Hood Insurance Program (NFIP), U8, Geological Survey stream gauge network and the
- " ! : ; ’ O
L although  well-meaning, has  inadvertently  encouraged National Oceanic and Atmospheric Administration’s

-

developent in flood-prone arcs

by masking true risks
throuph subsidized insurance rates. This has resulted in a
program deeply in debt to taxpayers that promotes continued
development in risky aress, which in turn contributes to Toss
of the very matural systems, like functioning floodplains, that
could reduce floed damages. Outdated and incomplete mational
flood maps and insufficient real estate disclosure requirements
have exacerbated the problem, blinding propesty owaers and
communities to their actual risk levels and denying them the
information they need to make decisions to mitigate that risk.

Federal programs must be reformed to improve mapping and
communication of natural hazard tisks, o increase incentives
that promote smart development and pre-disaster mitigation,
and to actively discourage naw development in the most
hazardous areas.

« Significantly increase resources fo swiftly complete new
aational flood maps, particulardy in data-sparse regions,
and to maintain accurate maps thereafter. It iy estimated
that only one-third of the river and stream miles in the
nation have flood hazard information available {ASFPM

2020}

the best available technology, such as Light Detection and

AA must be required to update its maps using

Ranging (LIDAR), fo get property-lewel elevation data,
and to account for the latest dimate modeling, including
precipitation, sea-level rise, and flood projections.

+  Reauthorize and refortn the NFIE, breaking the chain of
short-term program extensions. Any reform bill should
keep communities on a ghide path 1o risk
all properties

based rates for

with means-tested assistance for those who

cannot afford Lo pay sctuarial rates, lustead of perpetuating

{NOAA) rainfall frequency modeling efforls must be
fully yesourced to ensure that up-to-date information
feeds into food models.

+ Advance developuent and amplification of up-to-date
digital map products depicting focal and segional hazards,
such as NOAAs Digital Coast tools, which help coastal
communities viswalize sea-level tise and flooding,

Continue  the Bagrier

process of updating Coastal
Resources Systermn (CBRS) maps, to ensure that federal

subsidies do not provide incentives for new development

in these environmentally sensi and  hazard-prone
arcas. Strategically expanding the CBRS shoreward, in
consideration of anticipated sea-level rise stenarios, would
make good fiscal, environmental, and public safely sense
and would epable migration of tatural protective features
ke salt marsh.

Support. continued. development of fire risk assessment
mapping efforts by the U8, Forest Ser

communicating  risk levels and  mitiy

ice for use in
ion needs to

communities iu key fireshieds, and to inform timely decisions
regarding fire prevention and mitigation campaigns, fire
supy

jon responses, active wildfire management, and

forest vestoration including use of prescribed fire.

Enhance collaborative efforts to build community resitience
to wildfires in high-risk aseas, including support for
improved Community Wildfire Protection Flans,

Trewise
USA®, the Fire Adapted Communities Learning Network,

and other programs to facili
risk management, planning, and mitigation.

ate focally driven wildland fire

DRAMATICALLY SCALE UP INVESTMENTS IN COMMUNITY
RESILIENCE AND SUPPORTING RESEARCH

We can accelerate the adoption of natural infrastructure
solutions by increasing their prevalence in comnmnities,
including through federal funding opportunities. More on-

the-grownd applications of natural infrastructure also provide

an epportunity to expand efforts to monitor and evaluate the
performance of these features during different types of extreme
weather events and across different geographies. Such work
can help create or refine dosign and engineering standards, and
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increase the comfort level and social acceptance of natural and nature-based
features among deciston-makers, communities, and contractors, There is
also a need 1o ensure that social equity considerations are a coraponent of
comumunity resilience strategies, Clinmate impacts are unevenly distributed
across society, and frontline communities directly impacted by dlimate
change and natusal disasters should be engaged in resiticnce planning to
Tielp ensure durable and shared benefits.

ixpand targeted research on the performance and effectiveness of various
forms of natural defenses for meeting risk reduction objectives; continge
to improve specifications on when, where, and how these approaches can
be used most reliabl

- B
solutions, including activities such as forest restoration, takes future

wre the design and implementation of natusal infrastructure

precipitation patterns, sea-level rise, and other climatic factors into

e

a scenarios

count; encoutage designs that are functional across multipl
of future change.

Boost research, monitoring, and evaluation to identify the most
appropriate ccological fire management options within diverse

Ensure that robust allocations for enhancing ecosystom resilience and

deploying nature-based risk reduction measures

a part of major
fanding programs, such as disaster recovery and mitigation efforts {e.g..
FEMA’s Hazard Mitigation As
of Housing and Urban Development’s Community Developiment Block

stance programs and the US, Department

Grant Disaster Recovery and Mitigation funds), as well as water resource
developrent programs.

Support competitive grant programs for implewentation of natral and
nature-hased features, and require project monitoring and data reporting

as a condition of the grant. Grant opportunities can spur and cubtivate

innovative resilience-building approaches. In addition, they often create
incenti

for private investment and result in leveraging of dolfars, For
exumple, the National Coastal Resilience Pund leverages federal and
private sector funds for projects that reduce risks to peopls and wildlife.

Increase the US, Farest Service budget for proactive and clingat
informed pre- and post-fire restoration and management activities, based
s of
federal funding to support clapate-informed restoration on both public
and private forest lands.

on principles of ecalogical forest management, [entify new sourc

Create s nationa! revolving loan fund for community resilience. This fund
could provide low- to zero-interest loans for cornmupities to invest in
projects and programs that improve disaster preparedness and long-teem
resilience in the face of increasingly severe storms, flooding, drought,
wildfires, and other natural hazards, with an eraphasis on use of natural
infrastructare to achieve those goals. To support effarts in lower-income
communities, the revolving loan fund should be administered alongside
a grant program with aligned goals, or should inclade 2 mechanism to
ensure access to the program for communities that otherwise would
not have the resovrces available to participate and allow for near-term
implementation of solutions.

fop, g,




121

REFERENCES

“alderon-Etter, A. Entern, et 4. 2019,
Assessing ecological infra

Adamowicz, W.

structure investments, Proceedings

4-5261.

of the National Academy of Sciences 116:5

Adams, ¥

service

and ecosystem

A. 2013, Mega-fires, tipping ponts,

Managing forests and woodlands in an uncertain
future. Yorest Bcology and Management 294: 250-261.
Addington, RIN., S.1. Hudson, LK. Hiers, et al. 2015,
Relationships ameng wildfite, prescribied fire, and drought
i a fire-prope Jandscape in the south-castern United States,
International Journal of Wildlend Fire 24: 778783,

AECOM and FEMA { Federal Emerger
Agency). 2013, The Impact of Climate Change and Population

amagement

Growth on the National Flood Insurance Program through
2100, Washington, DC: AECOM and FEMA.

AghaKauchak, A. . Feldman, M. Hoerling, T. Hoxowan, and
J. Lund. 2013, Water and climate: Recogaize anthropogenic
drought. Nature 524: 409-411.

Abiablame, LM, B, fngel, and L. Chaubey. 2012.
fectivencss of low impact development practic

feratire

review and suggestions for future research. Water, Air, and Soit
: 42534273,

te, B. Dalzell, et al. 2019,
from agricultaral Best Management Practices, JAWRA Journal

ood risk reduction

of the American Water Resources Association 56 161179,

Arkema, K.K,, G. Guannel, G, Verutes, et al. 2013. Coastal

G130918.

storms. Nature Climate Change
ASCE (American Society of Civil Engineers). 2017.2017
Tnfra
of America’s infrastructure. Reston, VA: American

¢ of Civil Engineers {accessed May 18, 2020}
ttpsefweinfrastracttrareportcard.orgiwp-content/

structure Report Card: A comprehens

Sacie

uploads/ 2016/10/201 7- Infrastncture- Repori-

ASFPM (Association of State Fleodplain Manager
2020,
Completing and Maintaining the Nation's NFIP Flood Map
Inventory. Madison, Wit ASFPM.

flood Mapping for the Nation: A Cost Anal

ASFPM Riverine E
Rive

ssion Hazards Workgroup. 2016, ASFPM
rine Erosion Hazards White Paper. Madison, W

Bailey, D.R., BJ. Dittbrenner, and K.P. Yocom. 2019.
Retnteg

ng the North American beaver (Castor canadensis)

in the urban andscape. Wikey Intesdisciplinary Reviews: Water

B{1)el323,

Bales, R.C.. 1] Battles, Y.
in the Sierra Nevad
Enbancement Project. Sierra Nevada Research Institute Report
Naw 111 Merced, CA: Sierra Nevada Research Institute.

Chen, et al. 201 1a. Forests and water

ierra Nevada Wi

ershed Beosystern

Bales, R.C., LW, Hopmans, AT, O'Geen, et al. 2011b, Seil
moistare response 1o snowimelt and rainfall in a Sierra Nevada
ne Journal 10: 786-799.

mixed-conifer forest. Vadose
Batnber, L., and W.P. Aspinall. 2013, An expert judgement
ssient of future seaJevel rise from the ice sheets. Nature
Climate Change 3: 424-427,

asses

Barone, DA, KK McKenna, and $.C. Farrell. 2014 Hurricane
Sandy: Beach-dune performance at New Jersey beach profile
network sites. Shore and Beach 82{4): 1323,

Basche, A, 2017. Turning Soils into Sponges: How Farmers

ambridge, MA: Unian of

Can Fight Floods and Droughts.
Concerned Scientists.

Batker, I, L de In Torre, R. Costanza, ot al. 2010, Gaining

ground: Wetlands, hurricanes and the economy: The value

of restoring the Mi
Reporter 40: 11106,

sippi River Delta. Environmental Law

Baumgiirtner, S., and S, Strunz. 2014. The economic insurance

value of ecosystem resilience, Ecological Economics 101: 21-32.

Beck, MW, 1L L
fload protection savings provided by coral reefs. Nature

da, P Menéndez, et al. 2018, The global

Communications 9: 1-9,

Benedict, MA., and £.T. McMahon. 2006. Green
Infrastructure: Linking Landscapes and Comumunitics.
Washington, DC: Tstand Press.

Berardi, U,, A, GhaffarianHoseind, and A, GhatfarianHoseini,
2014. State-of-the-art anak
green roofs. Applied Ene

of the environmental benefits of

115:411-428,

Bergtold, 1.8, S. Ramsey, L. Maddy, and LR Williams. 2019,
A review of economic considerations for

ver Crops as 4

conservation pra
Systerns 34: 62-76.

¢, Renewable Agriculture and Food

Berke, P, W. s, and G, Stvith. 2014, pacts of federat
and state hazard mitigation policies an Jocal fand use policy.
Towrnal of Planning Bducation and Research 34: 60-76.

mé, Gu, S Thompson, B. Collins, and 8. Stephens, 2017,
Managed wildfire effects on forest resifience and water in the
Sierra Nevada. Ecosystenns 20: 7177

Rounoud, L., P. Zhang, G. Mostovoy, ef al, 2015. Impact of

urbanization on U ace dlimate. Environmental Research

Letters 10: 084010,

Brander, L. R Brouwer, and A. Wagtendonk. 2013. Eeonomic

valuation

[ regulating services provided by wetlands in agricultural
tacanalysis. Ecologgical B 56:89-96.

Laa
R



122

Briaud, 1.1, FLC. Chen, A.V. Govindasarny, and R, Storesund.
2008, Levee erosion by overtopping in New Orleans during
the Katring Hurricane, Journal of Geotechnical and
Geoenvironmental Engineering 134: 618-632,

Bridges, T.5., | Lillyerop, J. Wilson, et al. 2014. Engineering
With Nature promotes (riple-win outcomes. Terra of Aqua
13513724,

Bridges, TS, KA. Burks-Copes, MUE. Bates, ef al. 2015. Use
of Natural and Nature-based Features (NNBF) for Coastal
Resilience. Report No, ERDC SR-15- 1. Vicksbury 58S, Army
Engineer Research and Development Center, Environmental

Laboratory, Coastal and Fydraulics Labosatory.

D, and ¥
ood mitigatio

Brods, Highfield. 2018. Open space protection and

9-95,

national study, Land Use Policy

Brown, LK, and 1K, Smith, eds, 2000, Witdland
Ecosystemns: Effects of Pire on Hlora. General Technical Report
RMRS-GTR-42-vol. 2. Ogden, UT: US. Department of

Agriculture, Forest Service, Rocky Mountain Rescarch Station.

e in

Brown, T.C., M.T. Hobbins, and LA, Ramirez, 2008, Spatial
distribution of water supply in the coterminous United States,
Tournal of the American Water Resources Association 44
14741487

Caldwell, PV, C. Muldoon, C.E Miniat, et sl 2014,
fving he Role of National
Providing Surface Drinking Water Supply
United States. General Technical Report SRS-197. Asheville,
NC: US. Department of Agricultase, Forest Service, Southern
Rescarch Station,

m Lands in

the Southern

Calkin, DE., 1D Cohen, MUA. Finney, and M.P. Thompson.
2014. How risk sanagement can prevent future wildfire
disasters in the wildland-urban interfac

National Academy of §

Carter, N.T. 2009, Federal Flood Policy Challenges:

from the 2008 Mid
Research Service,

est Flood. Washington, DC;

pice. 2020, Flood Risk Reduction
frorm Natural and Nature-based Features: Army Corps of
Engioeers Authorities. Report No. RA6328. hington, Dt
Congressional Research Service.

Castleton, ILE
Green roofs: Building en
nergy and Buildings 42:

. Beck, and |.B. Davison. 2010,
ings and the potential for
5821591,

retrofit,

Christia, Z., and M. Kline. 2017. Why We Continue to Develop
Floodplais

atointng the Disincenty Conservation in

Coburn, A8, and 1.C. Whitehead. 2019, An analysis of federal
expeaditures related o the Coastal Barrier Resources Act
(CBRA} of 1982, Jourmal of Coastal Research 35: 1358-1361.

Cohen-Shacham, E., A. Andrade, 1. Dalton, et al. 2019. Core

principles for suc
Dbased Solutions. Enviratnental Science and Policy 98: 20-29.

ully iruplementing and upscaling Nature-
Coben-Shachany, B, G. Walters, C. Jantzen, et al, (eds.}. 2016,
Nature-bas:
Gland,

ed Solutions to Address Global Societal Challenges.
rerland: TUCN.

Colls, A., N. Ash, and N Tkkala. 2009. Ecosystem-based
Adaptation: A Natural Response to Clinmate Change, vol. 21,
Gland, Switzertand: Tnternationat Union for the Conservation

of Nature.

Colorado State Forest Service, 2018. Fuel breaks ‘without o

doubt’ save Grand Lake subdivision, Fort Collin:

State Forest Service (accessed May 6, 2020). 1
state.edu/2018/07/02/%

ahd i

vitliout.;

arand-;

Colvin, S.A., SM.P. Sullivan, P.D. Shirey, et al. 2019. Headwater
re critical fo: ining fish, fisheties,
91,

steearns and wettand:

sheries 44: 73

and ecosystem serv
Costanza, R., R de Groot, P, Sutton, et al. 2014, Changes in
the global value of ecosystem services. Global Environmental
Change 26 152158,

Coutts, AM., N,
Dernuzere. 2013, W
Sensitive Urban Design to support urban cooling and improve

pper, J. Beringer, M. Loughnan, and M.
tering our cities: The capacity for Water

Buman thermat cormfort in the Australian context. Progress in
Physical Geography 37: 2-28.

CRWI) (Capitol Region Water District). 2012, Capitol Region
shed District BMP Performance and Cost-Bencfit

is: Arlington Pascal Project 20072010, Saint Paud, MN:

Calligan, P1, RA. Catleton, and C.$. Carleton. 2018. Green
infrastructure and urban sustainability: Recent advances and

futture challenges. p 7-16. Tu J.
7ih International Building Physics Conference,
September 2326, 2018. Red Hook, NY: Curran
Dabil, 1
of Levee Setback Pro
V17, Vicksburg, M
Development Center.

1ang, ed. Proceedings of the
yracuse, NLY,,

M. Theiling, and W, Eichevarria. 2017, Overview
and Bencfits. BRDC/CHE CHETN-
18, Army Engincer Research and

Dallimer, M., J. Martin-Ortega, O. Rendon, ¢t al. 2020.
stock of the empi

Taking

cal evidence on the insurance value of

Federal Policy. White paper. Trcorna, WA: Earth E:

Eeonomics 167: 106451,

ion)
vieckdenburg Storm Water

Gity of Charlotte, 2019, Floodplain buyout {acqui

program, Chatlotte, N.C.: Charloti
{accessed May 18, 2020, fu
Stormi¥at 11

Servic

DrAmato, AW, LB, Bradford, . Fraver, and B.J. Palik. 2011,
Forest management for mitigation and adaptation to climate
change: Insights from long-term s
Forest Ecology and Management

iculture experiments.
03816,




123

D’Amato, AW, EJ. Joketa, KL, O'Hara, and IN. Long, 2018,
Silviculture in the United State

R amazing pe

od of change
over the past 30 years, Journal of Forestry 1161 35-67.

da Sitva, LMLC., and B, Wheeler, 2017. Ecosysterns as infrastractue.
Perspectives in Eeology and Conservation 15: 32-35

Drobrowsk, P
and climate change push low-ele

Higuera, ot al. 2019, Wildfires
cal

1 forests

088 1 €
clignate threshold for tree regeneration. Proceedings of the
National Academy of Sciences 116: 61936198,

DeNardo, 1C., AR Rrett, H.B. Manbeck, D). Beattie, and
R.D. Berghage. 2005. Stormwater mitigation and sueface
sactions of the

temperature reduction by green roofs.
ASAE 48: 14911496,

Denjean, B., MLA. Altamirsno, N. Graveling, et al, 2017,
Natural Assurance Scheme: A level playing field framework
for Green- Grey infrastructure development. Eavironmental
Rescarch 159: 24-38.

Dey, D.C., B.O. Knapp, MA. Battaglia, et al. 2019, Bartiers to
natural regeneration in terperate forests across the USA. New
Forests 50: 11-40,

Dierauer, §., N. Pinter, and LW, Remo. 2012, Evaluation of
Ievee setbacks for fload-oss reduction, Middle Mississippi
-8,

River, USA. Journal of Hydrofogy

Diffenbaugh, N.S., DL
Anthropogenic warming has increased drought risk in

Swain, and D, Towma, 2013,

California, Proceedings of the National Academy of Sciences
112: 39313936,

Dittbrenner, B.J., MM, Pollock, LV
Maodeling intrinsi
habitat to infori restoration and cizmte change adaptation.
PL0S One 13: 0192538,

chilling, et al. 2018,

potential for beaver {Castor canadensis)

Daonatti, C.L, C.A, Harvey, D, Hole, SN, Panfil, and H,
Schurman. 2020, indicators to measure the dimate change

doy owtcomes of ecos

Change 158: 413432

based adaptation, Chsmtic

Donovan, V.M., C.P. Reberts, C.L. Wonkka, DA, We
D

in, and
idwell, 2019, Ponderosa pine regeneration, wildiand fuels

0 and habitat conservation: Identifying trade-offs
following wildfire, Forests 10: 286.

Duna, C.J, CD.O'Connor, I Abrams, et al. 2020, Wikdfize sisk
science Facilitates adaptation of fire-prone sodial-ecological systems to
(25001,

the new fire reali vironmnental Research Letters

Eckart, K., Z. McPhee, and T, Bolisetti. 2017, Pecformance
and implementation of low impact developiment

A review.
Science of the Total Environment 607: 413432,

Edgeley, C.M., and 'EB. Paveglio. 2019, Exploring influences
on intended svacuation behaviors during wildfire: What

fire actions and event-based cues? International
101182,

coles for pr

Journal of Disaster Risk Reduction 37:

Emilsson, T., and A.0. Sang. 2017, fmpacts of climate change
on urban areas and nature-based solutions for adaptation,

P 15-27. 1n: N, Kabi
to Climate Change Adaptation in Urban Areas. New York:

ed Solutions

ch et al., eds. Nature-ba:

Springer, Cham,

and U, Lall. 2018,
ale raimwater harvesting feasibility in the

Ennenbach, MW, P. Concha Larvaurt

County-s
United Stat
considerations. JAWRA Journal of the American Water

: Climate, collection area, density, and reuse

Rescurces Association 54: 255274,

Epple, €., §. Garcla Range., M. Jenkins, and M. Guth.
2016. Managing Eeosysterns in the Context of Chinate
“hange Mitigation: A Review of Current Knowledge and
based Mith

ions to Support Ecc

Actions that Look Beyond Terrest Forests. Technical Series

No. 86, Montreal: Secretariat of the Convention on Biological

obedo, 1, V. Gianuico, C.Y. Jin, G. Sanesi, and R.
fortezzi. 2019. Urban forests, ecosystemn services, green
infrastructure and nature-based solutions: Nexu

or evolving
asctaphors? Urban Forestry and Urban Greening 37: 3-12.

uary News Magazine Tearn. 2013, Managed retreat
1o, 1, February 2013, p. 6. Oakland, €,
wary Partnership.

wary

an

Auerbach, L. itler, et al. 201 aluating the
of Wildfire Mitigation Activities in the Witdland-

urban Interface. Madison, WE Forest Stewards Guild.

ns, DM, C.E, Zipper, J.A. Burger, B.D, Strabun, and AM,
‘Hlamagna. 2013, Reforestation practice for enhancement of

ecosystemn services on a comnpacted sarface mine: Path toward

Engineering 51: 16-23.

ccosysterm recovery. Bcologic
Farglone, LE., 8. Bassett, T. Boucher, et al. 2018, Natural
climate solutions for the United States. Science Advances 4:
caat 1869,

Feagin, RA, ML
2010
service change in respanse to global s

Martinez, G. Mendoza-Gonzalez, and R,
dt marsh zonal migration and eco

2 Jevel 1

an

from an urban region. Ecology and Society 15: 14,

Feldman, A., R. Foti, and F Montalto. 2019. Green
infrastructare implementation in urban parks for stormwater
managenment, Journal of Sustainable Water in the Built

Environment 3; 05019003,

MA (Federal Ermergency Management Agency). 2005,
Reducing Damage from Localized Flooding: A Guide for
Cotrmunities. Washington, DC: FEMA,

009, Lass
Acquisition, Part
AA.

FEMA, (Federal Ewnergency Managerent Agenc:
fastern M
ashington, DC:

Avoidance Stud sourl, Buildin

One: General Overview. W

5

E:Y



124

A {Federal Emergency Management Agency). 2017.
Innovative Drought and Flood Mitigation Project:
FEMA,

nal

Report., Washington, DC

MA (F
olor:

leral Emergency Managernent Agency). 2019.

jon Gireen pre
area community. Washington, DC:
28,2020}, hitgy

cits flooding, evhances Houston-
MA (accessed February
29710430/

wivw fypagovinews-releasy

Gaffin, S.R., C. Rosenzweig, R. Bichenbaum-Pikser, R.
Khanbi i, and
Energy Aaalysis of Green, White, and Black Roofs. New York:
Center for Cliraate

usca, 2010, A Temperature and Seasonal

tems Research, Cohumbia University.

Garfin, G., 8. LeRoy, I Martin, et al, 2016. Managing for
FPuture Risks of Fire, Extreme Precipitation, and Post-fire
Flooding. Report to the US. Bureau of Reclamation, from

st flocding: v ces-houston-2res

the project F « Water Supply Refiability. Tucson, AZ:

exploration-gr

nun

Feng, Y. 2018, Eva
Benefit, measurernent, and simulation, T

potranspiration from green infrastructure:
D, Bucur, ed.

Advanced Evapotranspiration Methods and Applications.
Londen: lntechOpen, doi: 10.5772/intechopen.80910,
Fernandes, PM. 2015
prescribed burning as a fuel treatment, Current Forestry
Reports 1: 118-127.

Ernpirical support for the use of

8. Boielho, 2003, A veview of
tiveness in fire hazard reduction,

Pernandes,
prescribed burning eff
International Tournal of Wildland Fire 12: 117--128.

Ferrario, F, MJW. Beck, C.D. Storlazzl, et al 2014. The
1 ha
and adaptation. Nature Conununications 5: 1-9,

effectiver for co:

of coral ree! rd risk reduction

FHWA (Federal Highwa
Nature-based Solutions for Coastal Highway Resilience.
Repart No. FEPWA HEP 18 037. Washington, DC US.
Department of Transportation, FHWAL

Fleming, T, T. Payne, W, §
322
Adap!
Assessment, vol. 1. Washington, I
Research Program,

e, et al. 2018, Coastal effects.p
and
‘ourth National Climate

2.1n: DLR. Reidmifler et al,, eds. Impacts, Risks,

ation in the United State

Global Change

Eloodplains by Design. 2014, New fevee on Puyaltup River
in Orting suc

sful after major flooding, Seattle, W
reh 23, 20200, bty

Administration). 2018. White Paper:

Tnstitute of the Environment,

M. M
Losada. 2019, Wave attenuation
the Chesapeake Bay under stotiy
Geophysical Research: Oceans 124: 5

72, C.M. Ferreira, 1L, Lara, and L]
artina saltmarshes in

Garzom, |,

urge conditions. Journal of
2205243,

GBF (Galveston Bay Foundation). 2019, Introducing Exploration
Green, Houston, TX: Galveston Bay

February 28, 2020, fip

oundation {accessed

/vy

Gibbs, DAL and J.M. West. 2019. Restlience
Puerto Rico's coral reefs to inform reef management. Plo$
One 14: 0224360,

sessinent of

Gittman, R.K, AM. Popewich, LT Bruno, and C.H. Peterson,
2014. Marshes with and without s
shorelines from erosion better than bulkheads duringa
Category 1 hurricane. Occan and Coastal Management 102:
94102,

s protect estuarine

Gittman, RK., and $.B. Scyphers. 2047, The cost of constat
protection: A comparison of shore stabilization approaches.
Shore and Beach 85(4): 19-24.

Gittman, RK., $.5. Scyphers, C.8. Smith, 1P Neylan, and
JH. Grabows
E ing A

ofogical consequences of sharcline
. BioScience 66: 763773,

Glick, P, 1. Kostyack, J. Pittmian, T. Briceno, and N. Wahlund,
2014. Natural Defenses from Hurricanes and Boods: Protecting

America’s Communities and Ecosysterns in an Era of Extrerie
Weather, Wasi D¢ National Wikdlife Federation,

Nature Conservancy (accessed Ma

winews{new-leves: on-puyallup-river-

in-orting-seceessful-after-maior-flood/

Floyd, LE., M. Ramos-Villanueva, RE. Heath, and 8. Brown.
2019. Evaluating Post-Wildfire Iimpacts to Flood B
Management (FRM: Las Conchas Wildfire--New Mexico.
Technical Note No. ERDC/TN RSM-19-04. Vicksburg,
MS: US. Army Corps of Engineers,
Developtnent Center.

ingineer Research and

Foster, ], A. Lowe, and 8. Winkelman, 2011 The Value
of Green Infrastructure for Urban

mate Adaptation.
Washington, DC: Genter for Clean Air Policy.

Frantzeskaki, N.,
Nature-hased solutions for urban
Linking
evidence

Coltier, et al. 2019,
imate change adaptation:
tice conmmunities for
Science 691 4

McPhearson, )

ence, poicy, and pr

-based decision-making, Bi 466.

Goss, M, DL Swain, 17T Abatzoglow, et al, 2020, Climate
incressing the risk of ey

reme autumn wildfire

change
conditions across California, Environmental Research Letters.
Tn press. dot: 10.1088/1748-9326/ab83a7.

K. O'Neilt, and 7., Qin. 2017, G
of the function of and relationship between

Gray, 1.0 stal esidents’

perceptions

engineered and natural infrastructure for coastal hazard
mitigation, Qcean and Coastal Management 146; 144156,

Green, 1 Kronenbery

. Andersson, T, Blimgyist,
Baggethun. 2016, Insurance value of green

and E. Gome
infrastructure in and around cities. Ecosystems 192 10511063,
4 om, B.W, G. Lomax
both natural and energy s

Krocger, et al. 2019, We need

olutions to stabilize our climate.
2 18891890,

Global Change Biology 2




125

M. Clalone, A, Lansen, et al, 2009, The
ands on hurs

Greegorzewski, A

influence of ba ne-generated storm

surge and waves in Louisi

nm and Mississippi. p 10371049,
Tn: .M. Smith, ed. Coastal Enginesring 2008: Proceedings of
the 35t Intermational Conferenc

 Singapore: World Scientific.

GSA (General Services Administration ). 2011, The Benefits
and Chaflenges of Green Roofs on Public and Comynercial
Buildings. A report of the United States General Services
Administration. Washington, DC: GSA.

. M.H. Ruckelshaus, KX, Arkenma, et al. 2012,
Modeling benefits from nature: Using ecosystem services to

Guerry, AL

inform coastal and marine spatial planning, International

Journal of Biodiversity Science, Ecosystem Scrvices and
Managewent 8: 107121

Hallerm, DW., AM. Kinoshita, D.A. Martin, et al. 2019, Fire,
forests, and city wate:

Halofsky, J.E., $.A, Andrews-Key, J ards, et al, 2018,
Adapting fores e state of
science and applications in Canada and the Unjted States.
Forest Beology and Management 421: 8¢-97.

Harman, W., R, Starr, M. Carter, et al, 2012, A Function-based
Framework for Stream Assessment & Restoration Projects,
EPA 843-K-12-006. Washington, DC: US. ¥
Protection Agenc

t managenient to climate chang

nvironmiental

Hayhoe, K, D11 Wuebbles, D.R. Basterling, ot al. 2018. Our
changing climate. p 72- 144, Tn: DR, Reidumiller et al., eds.
Impacts, Risks, and Adaptation in the United Stat wrth
National Climate Assessment, vol. 1L Washington, DC:
Global Change Progrars.

$.2012. A field iy
forest thinning on snowpa

tigation on the Impacts of

amalation in ponderasa pine
forests of nerthern Arizona. PhD diss., Northern Arizona
University.

Heine. R.A., and N. Pinter. 2011 Levee effects upon flood

levels: An empirical assessment. Hydralogical Processes 26!

Stein. 2007,
orests,
DC: National

Heyek-Williams, $., L. Anderson, and B
Megafites: The Growing Risk to Arner
¢ ities, and Wildlife.

Wildlife Federation.

Hicke, LA, AJ. Meddens, and C.A. Kolden, 2016, Recent tree
i United Stat
forest fires, Forest Science 62; 141-153.

mortality in the west from bark beetles and

Hitke, €., J Ritter, | Ryan- Henry, et al. 2020, Softening Our
Shorclines: Poticy and Practice for Living Shorelines along the
Gulf and Atlantic Cousts. Washington, DC: National Wildlife
Federation.

Hobbie, S
to managing climate change impac
Transactions of the Roval Society B 375: 20190124,

nd N.B. Grimim. 2020, Nature-based approaches

n cities, Philosophical

5, W,
Soral reef ecosysiems under

Hoegh-Guldberg, O, £, Poloczar
Dove, 2017,

ocean acidification, Frontiers in Marine Science 4: 158,

kirving, and 8.
mate change and

Hogue, 15, WK. Blount, C.J. Raybal, and A. Rust, 2018.
Wildfire and water: Utilizing remote seasing and in sita

observations to monitor post-fire iapacts on water supply in
the western US. Abstract NH2IA-01. fn: AGU Fall Meeting

2018 Abstracts, Washington, DC: American Geophysical
Usion.

Hollivs, LX., D.A. Eisenberg, and T.P. Seager. 2018, Risk and
resiticnce at the Orovitle Dam, Infrastractares % 49,

Hood, G.A., and
mitigate the effec
boreal wetlands in western Canada, Biologic
141

Bayley. 2008, Beaver (Castor canadensis)

of climate on the area of open water &

Conservation

Huthoff, £, N. Pinter, and J.W.E Remo. 2013, Theoretical
analysis of wing dike impact on tiver flood stages. Jonrnal of
Hydraulic Engincering 139: 550-556.

IPCC (ntergovernmental Panel on Climate Change). 2014
Climate Change 2014: Synthesis Report. Contribution of

Working Groups 1, 11 and 11 to the Fifth
of fhe Intergovernmental Panel on Climate Chasge. (Core

siment Report

Writing Team, RK. Pachaurd, and LA, Meyer, eds.) Gen:
Switzerland: [PCC.

Jakes, BI, K.C. Nelson, S.A. Bnzler, et al. 2011 Community
wildfire protection planaing: Is the Healthy Forests
Restoration Act’s vagueness genius? International Journal of
Wildland Fire 20: 350363,

Javaheri, A, and M. Babbar-Schens, 2014, On comparison of
peak flow reductio 3
rmaps in evaluating effects of restored wetlands on channel
flooding. Ecological Engincering 73: 132145,

Nood inwndation maps, and veloc

Juan, A, A, Gord, and A, Sebastian. 2020, Comparing

floodplaia evolution in b fized and li

urban watersheds in Houston, Texas, Journal of Flood Risk
Management 13: €12604,

Jenerette, G, S.L. Hartan, WL Sefanov, and C.
Martin. 2011. % et urban heat
moderation: Water, green sps nd social inequality in
ations 21: 26372651,

ystemn servic scape

Phoenix, USA. Ecological Applic
JESP (Joint I
gov: Research supporting sound decis
(accessed April 6, 2020). hitps:

ience Program). No date. Firescienge.
ons. Boise, 107 JESP
whircscience.gov!

Johason, M.C., M.C, Kenmedy, and D.L. Peterson. 2011,
Sirnalating fuel treatment effects in dry forests of the western
United States: Testing the principles of a fire-safe forest.
Canadian Journal of Forest Research 41: 1018-1030.

016, Megafire
An emerging threat to ofd-forest species. Frontiers in Ecology
and the Environment 14: 300-306.

Jones, G.M., RJ. Gutiéerez, DJ. Tempel, et ol




126

Jones, HL.P, LG, Hole, and E.S.
nature to help people adapt to
Change 2: 504-309,

waleta. 2012, Harnessing
imate change. Nature Clinaate

Y. Kent. 2016, Tamm Review: Are
s effective at achieving ecological and
«

nd

Katies,

fuel treatroen

sacial objecti systematic review, Forest Ecology and

Managemnent 375: 8495,

Kelsey, R. 2019, Wildfires and Forest Resilience: The Case for
Ecological Forestry in the Sierta Nevada, Unpublished report.

8

ramento, G

The Nature Conservancy.

Kemp, K.B. PE. Higuera, P. Morgan, and LT Abatzoglot.
20192
regeneration success in low-elevation forests, Northern
Rockies, USA. Ecosphere 10: e02568.

ovete wilt fncreasingly determine post-fire tree

Kennedy, MG, and M. Jolmson. 2014, Fuel treatment
prescriptions alter spatial paticens of fire severity around the
wildland-urban interface during the Wallow Fire, Arizona,

u orest Feology and Managerent 318: 12213

, T.E. Kolb, M.D. Hurteau, and G.W. Koch.
2013. Managing climate change adaptation in forest:

Kerhoslas,

A case
study from the US Southwest. Journal of Applied Ecology 50:
13111320,

“han, et 2l. 2019.
essment: Pavt I Proj

Knutson, T, $.J. Camargo, J.C. ropical

ed

cyclones and climate change as
response to anthropogenic warming. Bulletin of the American
Meteorological Society 100: 1987-2007.

Kochnower, D, $.M. Reddy, and R.E, Flick, 2015. Factors
infliencing focal decisions to use habitats to protect coastal
Ocean and Coastal Management

i

communities from hazar

116: 277-290.

Kolden, €. ribed fire in

the Western United States to mitigate wildfire risk. Fire 2: 30,

A.2019. We're ot doing enough pres

Kopp, R.E., RM. Oston, C.M. Little, ot al. 2014, Probabilistic
tevel projections at a global

21st and 22nd century s
network of tidegauge sites. Barths Future 2: 385406,

et al. 2019. Insights into the
dent, Geosciences 9

Koskinas, A, A, Tegos, 2. Ts

Oroville Dam 2017 spiflway i

Kousky, C. 2050, Learning from extreme events: Risk
perceptions after the fload. Land Economics §

-422.

Kousky, C. 2014. Managing shoreline retreat: A U8,
. Cliatic Change 124: 9-2

perspecti
Kousky, C., and Fl. Kupreuther. 2010. Improving flood
insurance and flood-risk management: Insights from St. Louis,
Missourt. Natural Hazards Review 11: 162172,

Kousky,
2005, Strateg
Tand conservation in the floodplain. Environmental Science
5633570,

». 8. M. Olmstead, MLA. Walls, and M. Macauley.
structure: Cost-effective

Iy placing green infy

and Technology 47

., and M. Walls. 2013, Floodphin Conservation asa Flood.
Mitigation Strategy. Washington, DC: Resources for the Future.

Kousky, C., M. Walls, and Z. Chu. 2014. Measuring resilience
to cimate change: The benefits of forest conservation in the
foodplain. p 345-360. Tn: VA, Sample and R.P. Bixl
Forest Conservation and Management in the Anthropocene:
-71. Fort

Collins, CO: U5, Department of Agriculture, Forest Service,

Conference Proceedings. Proceedings RMRS-P:

Rocky Mountain Research Station.

Krasowski, M. 2019. Contintous watershed-scale hydrotogic
wmoddling of
Master of Science thesis, University of fowa.

nservation pr

ctices for peak flow reduction.

Krauss, K.W., TW, Doyle, TJ. Doyle, et al. 2009, Water level
observations in mangrove swamps during two hu
Forida. Wetlands 29: 142,

anes i

Kroeger, T, 2002. Dollars and Sense: Economic Benefi
and fmpacts from Two Oyster Reef Restoration Projects in
the Northern Gulf of Mexico. Arlington, VA: The
Conservancy.
Krofcheck, D.E, B.L Loudermilk, LK. Hiers, et al. 201¢. The
effects of management on long-term carbon stability in a
southeastern US forest matrix under extreme fire weather.
Ecosphere 10: e02631,

Nature

Kunkel, KE., T.R. Karl, H. Brooks, et al.
anderstanding trends in extrere stoyms: State of knowledge.
4 499514,

Monitaring and

Bulletin of the American Meteorological Society
Kunreather, H., $.M, Wachter, C. Kousky, and M. LaCour-
Little. 2019, Flood Risk and the U.8. Housing Market. doi:
10213975510, 3426638,

Lk R., LA, Delgado, 1. Guiliford, et al. 2012. Adapting
agriculture to drought and extreme ev
Water Conservation 67: 162A-166A.
Langridge SM., EH. Hartge, R. Clark, et al. 2074 Key lessons for
incorporating natural infrastructure into regional dimate adaptation

nts. Journal of Soil and

planning, Occan and Coastal Managernent 95: 189-167,

rra, TA. Joynes, and A, Humphries,

La Peyre, MK, K.
A
maximizes potential succe:

er habitat suitabi

ng shoreline expor

for sustainable shoreline
protection using restored ayster wwefs. Peerf 3: €317,

Leo, KL, C.L. Gillies, LA, Fi 7. Hale, and MW,
Beck. 2019. Coastal habitat squeeze: A review of adaptation

solutions for saltmarsh, mangrove, and beach habitats, Ocean
180-190,

and Coastal Managenent 17

Leverkus, A.B., and J, Castro. 2017, An ecosystern services

approach to the ecological ef
cological Applications 27: 1057--1063.

5 of savage logging: Valuation

of seed dispers:

Leverkus, AB. JM. Rey Benayas, J.C
k on regadating and s .
crvatic map. Canadian Jowrnal of Forest Res

stre, et al. 2018, Sabvage

e Services—A
9831000,




127

Levinson, R., G. Ban-Weiss
Urban Heat Ishand E
Sacramento: California Energy Comumission.

Liw, K., and B, Bass. 2005. Performance of Green Roof
Systems. Report No, NRCC-47705,”
Council Canada.

Liw, Y., T, Li, and H. Peng. 2018. A new structure of permeable
pavement for mitigating urban heat island. Science of the
Total Environment 634: 11191125,

oronto: Natural Research

Little, RG. 2012. Managing the Risk of Aging Infrasteucture,
Lausanne, Switzerland: International Risk Gavernance Counil.

S

urban forest and ecos

E.G. McPherson, and C

Livesley

alfapietra. 2016, The

stem services: fpacts on urban

heat, and pollution cycles at the tree, street, and city scale.
Tournal of Environmental Quality 45: 119-124.

Loudermitk, E.L
i ffectiveness o

A. Stanton, RM, Scheller, et al. 2014.

fuel treatments for mitigating wildfire risk
and sequestering forest carbon: A case study in the Lake Tahoe
B

in. Forest Ticology and Management 323: 114-125.

Loughner, C.P, D.J. Allen, D
urban tree canapy and buildings in urban heat island effe:

Zirang, <t al. 2012, Roles of

Parameterization and preliminary results. Journat of Applied
179

Meteorology and Climatology 51c

Miach, K.J., C.M. Kraan, M. Hino, et al. 2019. Managed retreat
through voluntary buyouts of fload-prone propertis

cience

Advances 5: canx8995,

Malder, R.L, R. Strmons, and ME. Barber. 2019. Problens,
pesceptions, and selutions to fncreased flooding threats in
urbai arcas of the Pacific Northwest, USA. liternationat
Journal of Environmental Tmpacts 2: 107-116,

Malone, 8.L., LN, Kobziar, €
Elrahnman, 2011, Modeling relationships among 217 fires

audhammer, and A, Abd-

using remote sensing of bura severily in southern pine forests.

Remote Sensing 31 2005-2028.

Manis, LE., S.K Garvis, S.M. Jachec, and LJ. Walters, 2014,
Wave attenuation experiments over living shorelines over

ime: A wave tank study to assess recreational boating

pressures. Journal of Coastal Conservation 19: 111,

Marsooli, R, N Lin, K.
change exacerbates hurricane flood ha

nanuel, and K. Feng. 2019, Clinuate
eds aong US
Atlantic and Gulf Coasts in spatially varving patterns. Nature
Q.

Comnnumications 10:

Marsooli, R, BM. Orton, and G. Mellor. 2017. Modeling wave
attenuation by salt marshes in Jamaica Bay, New York, using
a new rapid wave model. Jousnal of Geophysical Research:
3689-5707,

Oceans 12

. MM, Costa, and
chassification of Nature Based

Martin, 2,200, An aperationalized

olutions for water-related hazards:

From theary to

Martin, T
the best defence ag:
Change 6: 122-124.

nd J.E. Watson, 2016, Intact ecosysters provide

t climate chiange, Nature Clinate

Martinuzzi, $., $.1. Steward, DB, Helmers, ot al. 2015, The 2010
wildland-Urban Interface of the Conterminous Unitod States.
Rescarch Map NRS-8, Newtown Square, PA; US, Department

of Agriculture, Fores

Service, Northern Research Station.

Mazda, ¥ M. Magi, Y. teda, T Kurokawa, and T. Asario, 2006.
Wave reduction in 4 mangrove forest doninated by Sommeratia
sp, Werlands Ecology and Management 14: 365-378.

Mazdiyasni, O., and A. AghaKouchak. 2015. Substantial
se 1 concurrent droughts and heatwaves in the United

incre

States. Proceedings of the National Academy of Sciences 112
11484-11489.

McKenzie, 12, Z.E. Gedalof, D.L, Peterson, and P, Mote. 2004,
Climatic change, wildfire, and conservation. Conservation
Biology 18: 890-902.

McWethy, D.B., T. Schoennagel, RE, Higuers, et al, 2019,
Rethinking resilience to wildiire, Nature Sustainability 2:
797804

MDFG (Mas
2015.
Removal Projer
Boston: Mr
Division of

chusetts Department of Fish and Game).
conomic & Community Benefits from Streamn Bareier

s in Massachusetts: Report & Sumimary,

sachusetts Department of Fish and Game,
ological Restoration,

MEA. {Millenium Ecosystem Assessment ). 200

and Hunmn Well-Bei
Washington, DC: Island Press.
Melvin,
Report. ¥
Foresters and Coalition of Pres

g A Bramework for

2018, 2018 National Prescribed Fire
shington, DOC: National Association of State
bed Fir

Survey

Council

Mendes, R, T. Fidélis, P. Rocbeling, and E Teles. 2020. The

liration of Based Solutions-—A discourse

analysis of enuergent Hterature. Resources 9: 6.
| 3¢
2020, The global Rood protection benefits of
entific Reports 10: 4404,

Menéndez
MW, Bec
TAREIOVe

Losada, $. Torres-Ortega, S, Narayan, and

Michel-Kerjan, E., and H. Kunreuther. 2011. Redesigning flood
nce 3330 408409,

nsurance. S

Millar, C.1L, and N.L. Stephenson, 2015, Temperate Forest
tence 349:

health in an era of emerging megadisturbance,
R25-826,

Millar, €L, N.L. $tephenson, and $.L. Stephens. 2007. Climate
change and for

of the future; Managing in the face of
uncertainty. Ecolegical Applications 17: 2143-2151.
Milleran, B.A. 2010. The Coastat Barrier Resources Act:
Accomplishinents, Challenges, and Future Opportunities,
A report commissivned by the Natural Resources Defense

Council. Washington, DC: Natural Resources Defense Council,




128

Mifler, K.G.. R.E. Kopp, B
AL Kenp. 2013
and its impacts along the U8, mid-Athantic coast,
Future 1: 318,

P, Horton, LV, Browning, and

ve on sea-level rise

A geolagical perspec

rth's

S, C. Rhodes, P. Robichand, et al, 2017. Learn from

e Migh Park Fire 5 years later. Science You Can
{Jse Bulletin, Issue 25. Port Collins, CO: US. Department of
Agriculture, Forest Service, Rocky Mountain Research Station.

Mondal, ., and B, Patel. 2018, Examnining the utility of river

testoration approaches for flood mitigation and channel
stability

A recent review. Barth

J. Gulliver, 1

ack, and M. Simpson. 2016,
Stormwvater ianagement and climate change: Vulnerability
and capacity for adaptation in urban and suburban contexts.
Climatic Change 138: 491304,

Morris, R.L., D.M. Bilkovie, M.K. Boswell, et al, 2019, The
application of oyster reefs in shoreline protection:

re we
over-engineering for an ecosystem engineer? Journal of
Applicd Ecology 56: 17031711

Napoli, M., L. Massetti, G, Brandani, M. Petralli, and 8,
Orlandin. 2016, Modeling tree shade effect on urban ground
surface temperature, Journal of Environmental Quality 45:
146156,

Napper, €. 2006. Burned Area
Treatments Catalog. San Dinnas, CA: US. Department of
Agriculture, Forest Service, San Ditnas Technology and
Development Center.

Emergency Respanse

Narayai, S, MW, Beck, B.G. Reguero, et al. 2016, The
e tal protection benefits of nataral
PLoS One 11: e0154735.

effectiveness, costs, and ¢

and nature-based defenc

Narayan, S. MW, Beck, P. Wilson, et al. 2017, The value
of coastal wetlands for flood damage reduction in the
northeastern USA. Scientific Reports 7: 112,

Natural Capital Commitiee. 2017. fmproving Natusal
Capital: An Assessment of Progress. London: Natural Capital
Comumittee.

Nelson, £.J., P Kareiva, M. Ruckelshaus, et al. 2013. Climnate
change’s impact on key ecosystem services and the human
well-being they support in the Ut
the Environment 11: 483893,

rontiers i Beology and

Nerem, RS$,, B.D. Beckley, L1
change-driven accelerated sea-
altismeter era. Proceedings of e National Acaderay of
Sciences 115: 2022-2025.

asallo, et al. 2018, Climate-
A rise detected in the

NL Irvine, et al. 2017, The
and practice of natare-based solutions: An

T Assmuth,
science, policy
interdisciplinary perspective. Science of the Total Environment
579:1215-1227.

5 S, 8. Velor, M. Hayden, et al. 2018, Toward Natural
Shoreline Infrastructure to Manage Coastal Change in

California. Sacramento: California Natural Resources Agency.
NFPA (National Fire Protection Association). 2018,
Firewkse™ USA si

survives. Quiney

in Flotida takes on two wildfires and
o MA:NFPA {accessed May 6, 2020). ity
feespmupity/fire-breakiblog/ 201 8/06/03(
frewts it inAl Lakes o wildfires

JRTTEI IR AL, SR ATOrY

NOAA (National Oceanic and Atmospheric Administration}.
No date. Natural infrastructure, NOAA, Office
for Coastal Managerent (accessed May 4, 20200, hitps:/i

astructure iy

warleston, $

noaa govidigitak

astAepics/green-infi

NOAA {National Oc
2015, Guidance for g the use of Hiving st
pring. MD: NOAA. (accessed March 26, 2020

Inl.noaa.goviwp-content/

nic and Atmospheric Adiministratio

Sitver

for-Considering- the-Use-of

tion}.
2020, Bitlion-dollar weather and climate disasters: Table of
et Spring, MD: NOAA (accessed May 18,2020).

S ncde. Boak.E0y

NOAA (National Oceanic and Atmospheric Administeation ).
2020b. 2010-2019: A Tandemark decade of US. billion-dollar

Silver Spring, MD: NOAA
(accessed March 23, 2020). hitps:/wwwchimate.gov/pe

weather and cimate disaster

features/bings/be 19-landmark-decade-ys,

billivn-dollar
Nolon, ) nhancing the urban environment through
green infrastructure. Environmental Law Reparter 46:
10071-10086.

Norman, LM, LB, Callegary, L. Lacher, et al. 2019. Modeling
riparian restoration impacts on the hydrologic cydle at the
Babacomari Ranch, SE Arizona, USA, Water 11: 381,

North, M.}
Review:

Greene, et al. 2019, Tanpum
itience in dry western US forests.

Reforest

Forest Ecology and Management 432: 209-224.

Novotny, V., . Ahern, and P. Brown. 2010, Water-cenfric
Sustainable Communities: Planning, Retrofitting, and
Building the Next Urbap Environment. Hoboken, Nj: John
Wiley & Sons.

Neefekos, A.A., M. Oppenheinmes, 1.A. Smith, and A, Miller.
2010, Urbanization, climate change and flood policy in the
United States. Chiratic Change 103: 397 -616.

013,
ran

O'Connor, Soil Matte

Should Be Reformed to

{ow the Federal Crop

Insurance Pro

rcourage Low-
eming Methods with High-reward Bnvironmental
Qutcomes, Issue Paper 1P:13-04-A, New York: Natural
Resources Defense Council.




129

Ogden, L., N. Raj Pradhan, C.W. Downer, and A Zahner.

2011. Refative importance of impervious surface arc

drainage density, width fanction, and rface storm

drainage on foad runoff from an urbanized caichroent. Water
Resources Research 47; W25

Oliver, B., and LI Ramirez-Avila. 2019, Barrier island

restoration: A literature veview. p 310-319. In: it
and W. Hamilton, eds. World Envirenmental and Water
2019: Hydraulics, Waterw:
Distribution Systems Analysis. Reston, VA: American Society

Rosources Congr and Water

of Civit Engineers,

Living on the edge: Trailing edge forests at risk of fire-

facilitated conversion to non-forest, Ecosphere 10; 02651,

Parks, $.A.,, $.Z. Dobrowski, J.D. Shaw, and C. Miller. 2019b,
Quantifying the Risk of Fire-facHitated Transition to Non-
forest in California and the Southiwest. Final Report. TSP
Project No. 15-1-03-20. Missoula, MT: US Forest Service, Aldo
Leopatd Witderness Research Institute.

Paveglio, T.B., M.$
Edgeley. 2019, Social
ixploring the scale of adaptive action, Management 71:

and wildfire

Peters, B.B., RV, Hiller, and J.P, McFadden, 2011
Seasonat contributions of vegetation types to suburban
evapotranspiration. Journal of Geophysical Research:
Bjogeosciences 116. doi: 10.1029/2010JG001463.

Pets
Climate Change in National ;
Adaptation Actions. General Techaical Report PNW-GTR-
Poriland, OR: U.S. Department of Agriculture, Forest Ser

Pacific Novthwest Research Station,

Pilliod, DS, AT Robde, S, Charnley, et al. 2018, Survey of
beaves
the western USA.

rangeland streams of
868,

clated restoration practice:

wironmental Management 61

Piter, No, A.A. Jermiberie, ] W.E Remo, RA. Heine, and
B.5. Ickes. 2008 Flood trands and river engineering on the
Mississippi River system. Geophiysical Rescarch Letters 35:
123404, dois 10.1029/2008G1035987.

Polk, M.A., and DO, Eulie, 2018,
shorelines as an erosion control method in North Carolina.
Estuaries and Coasts 41: 2212-2222.

Fectiveness of iving

M. 2000, The Effec
on Air Temperatures i Lavge C
Betkeley National Laboratory.

Pomeran of Pavernents’ Ternperatures

“ities. Berkeley, C.

: Lawrence

Pomerantz, M. 2018, Are cooler surfaces a cost-effective
itigation of urban heat istands? Urban Climate 24; 393-397,

Pralle, S. 2019, Drawing lines
mapping flood zones, Climatic Change 152:2

EMA and the politics of
7.

Qiw, G.Y, HIY. Li, Q.T. Zhang, et al. 2013, Bffests of
evapotranspiration on mitigation of urban temperature
by vegetation and urban agriculture. Journal of Integrative
Agriculture 12: 13071315,

Quartel Santen, and

. Kroon, PO Augustinus, P.V
NLHL T 2007, Wave attenuation in co

} wangroves i

Red River Delta, Vietnam. Journal of Asian Earth Sciences 29
576-584.

Radeloff, V.C., D.F. Helmers, FLA. Kramer, et al. 2018. Rapid
growth of the US wildland-urban interface ra
(. Proceedings of the National Academy of
33143319,

es wildfire

iences 115:

Radonic, L. 2018. When catching the rain: A cultural model
approach to green infrastructure in water governance. Hurman
72172184,

Organization 7

Reeve, irvate
Restlienc

Change. Washington, DC: National Wildlife Federation,

. and R. Kingston. 2014, Green Works for
< A Guide to Community Planning for Climate

Rego, 1., and €. L. 2010, Storm surge propagation in
Galveston Bay during Hurricane tke. Journal of Marine

5279,

Reguero, B.G., MW, Beck, DN, Bresch, J. Calil, and 1. Meliane.
aring the
constal adaptation: A case study from the Gulf Const of the
United States. PLoS Ove 13: 0192132,

st effectiveness of nature-based and

Reid, WV, HLA. Mooney, &, Cropper, f al. 2005 Eeosysterms
and Human Well-being Synthesis: A Report of the Millennium
Ecosystem Assesstment. Washington, DC:

shand Press.

Rella, A, and 1K, Miller, 2014, A Comparative Cost Analysis
S
Tiwo Sea Level Rise Scenarios. Staatshurg, NY: Hudson River

of e Shore Protection Approaches at Thre

5 T

Sustainable Shorelines Project.

Remo, JW.E, N. Pinter, and R.A. Heine, 2009. The use of
retro- and s

enario-modeding to fects of 100+ years

er engineering and land-covet change on Middie and Lowet
Mississippi River flond stages. Journal of Hydrology 376:

403416,

Renaud, G, U. Nehren, K. Sudmeier-Rieux, and M. Bstrelta.
2016. Developments and opportunities for ecosystem-based

disaster risk reduction and climate change adaplation. p

Cham.

Restore America’s Estuaries. 2011, Jobs & dollars: Big returns
from coastal habitat restoration, Addington, VA: Restore

America’s Estuaries

accessed April 6,2020). htips:

orgfwp-content/opleads/2019/01 Jobs.and-Dollazs_2011 pdf




130

L. Brandt, B.

mate change

cher et al. 2019,

 managing utban green

Reynolds, FLL.
Tl
infrastractuse: An Indiana, US, case study. Climatic Change.
dot: 10.1007/510384-019-02617-0.

ations of

Rezaie, AM,, | Loerzel, and C. faluing
patural habitats for enhancing coastal resilience: Wetlands
reduce property damage from storm surge and sea level rise.
PLoS One 15: 20226273,

River Partners, 2014, Bear River restoration A framework
for multi-benefit projects and flood management.

CA: River Partners {accessed May 18, 2020)

riverpactne

a-framework-f 1 bengfit

Inanagement/

Robichaud, P.R. 2009, Using erosion barriers for post-fire
352, In: A Cerdd and P.R. Rob
Land Reconstruction and Management, vol. 5, Fire Effects on
S CRC Press,

stabilizat

np aud, eds.

Soils and Restoration Strategies. Boca Raton, ¥

Robichaud, PR, $.4. Lewi L RE. Brown,
and BB, Pierson. 2020, Quantifying long-term post-fire
sediment delivery and erosion mitigation cffectiveness. Earth
5771782,

1W. Wagenbrenn

Surface Processes and Landforms

Robinson, 100, F, Vahedifard, and A, AghaKouchak. 2017,
Rainfall-triggered slope instabilities under a changing
Comparati

imate:

- study wsing Ristorical and projected precipitation
extremnes. Canadian Geotechnical Journal 54: 117127,
Rodsiguez, A.B., £1. Fodric, 1T, Ridge, ct al. 2014, Oyster secfs
can outpace sea-level rise, Nature Climate Change 4: 493497,

Roe, ., V. Kapos, X, Hott Jones, et al. 2019. Is ecosystem-based
adaptation effective? Perceptions and lessons learned from

13 project sites. Research Report. London: Interpational
Tnstitute for Environment and Development {accessed May 18,
20203 hitpsi/pubs.diedora/pdBA76 MIED A

Rosenzweig, B.R., L McPhillips, H, Chang, et al. 2018,
Pluvial flood
Interdisciphinary Reviews: Water 5: 1302,

nd opportunities for resilience. Wiley

Rosenzweig, C., W. Solecki, and R. Slosberg. 2006. Mitigating New
¥'s Heat Istand with U testey, Living Roofs, and
Light Surfaces. Report No. NYSERDA 06-06. Albany: New York
State Energy and Research Development Authority.

Ruckelshaus, M., G. Guannel, K Arkenm, et al, 2016. Bvaluating

the benefits of green infrastruciure for coastal areas: Location,

Tocation, focation. Coastal Management 44: 504516,

Rusning, S.W. 200
wildfires? Science 313

Is global warming causing more, larger
1 927928,

Safford, H.D, T
fuel treatments on fire sever

Schumidt, and C.H. Carlson, 2009, Effects of
of wildland-urban

in an @

interface, Angora Fire, Lake Talioe Basin, California,
73787,

Ecology and Management 23

Safford, H.D., 1T, Stevens, K. Merriam, M.D. Meyer, and
AM. Latimer, 2012, Fuel treatment effectivene

n California

yellow pine and mixed conifer forests. Forest Eology and
M

anagernent 274; 17--28,

Saitor, D1, T.B.El
building energy impacts of green roof design decisions: A

ey, and M. Gibson. 2011, Exploring the

modeling study of buildings in four distinct climates. Journal

of Building Phy

Santamouris, M. 2014. Cooling the citios: A review of reflective
and green roof mitigation technalogies to fight heat island and
improve comfort i utban environments. Solar Energy 103:
682703,

Schoennagel, T., 1K, Balch, H. Brenkert-Smith, et al. 2017,
Adapt to more wildfire in western North American fore;

as climate chnges. Proceedings of the National Acaderny of
Sciences 114 4590,

Schuliz, CAL, 8. M. McCaffrey, and HLR. Huber-Stearns.

2019. Policy barriers and opportunitics for prescribed fire
application in the western United States. International Journal
of Wikdland Fire 28: $74-884.

Schutnann, R.L. 11, M. Mockrin, 4,1 Syphard, et af. 2020
Wildfire recovery as a “hot moment” for creating fire-
adapted conmunities. International Journal of Disaster Risk
2: 101354,

Reduction

Scyphers, $.B., 8.7, Powers, K.
Opyster reefs as natural break
facilitate fisheries, PLoS Qne 6: 22396,

Heck Jr., and D. Byt

aters witigate shoreline loss 4

Seapy, B. 2015. Tarf Removal & Replacement: Lossons
: California Urban Water

Learned. Sacramento,
Conservation Councl

Seddon, N., A. Chausson, P. Berry, et al, 2020, Understanding
the value and limits of nature-based solutions to climate
change and other global challenges. Philosophical
Transactions of the Royal Society B 375: 20190120,

Seidl, R., I Thon, M. Kautz, ef al. 2017, F
under climate change. Nature Climate Change 7

orest disturbances
195-402.

Sen, S, and . Roesler. 2017. M
characterization of rigid pavements. Transportation Researchy
Record 2639: 7383,

roscale heat istand

Sen, ., and 1. Roester. 2019, Thermal and optical
characterization of asphalt field cores for microscale wrban
2170

heat istand analysis
SO0-611,

. Construction and Building Materials

Shao, D)., W. Zhou, ], Bowma, et al. 2020. Physiological

and biochemical responses of the salt-marsh plant Spartina

alternifiora to long-texi wave exposure. Annals of Botany
125:291-300,

Siders, A.R. 2019. Soci

retreat buyout prograr

fons of US managed
ange 152: 239-257.

justice impl
. Cliwnatic C




131

, Q2. Niederluecke, P. Shrestha, B.D. Janke, and
alay, 2019, The effects of infiltration-based stormwater
best management practices on the hydrology and phosphorus
budget of a eutrophic urban like, Lake and Reservoir

50,

Management 3!

Somall-Loreny, S.L., B.A. Stein, K. Schrass, DN, Holstein, and
AV Melita. 2016, Natural Defenses tn Action: Harnessing
Nature to Protect Our Conpmunities. Washington, DC:
National Wildlife Federation.

Smith, C.S,, RK. Gittran, 1P, Neylan, ot al. 2017, Hurricane
damage along natural and hardened estuarine shorelines:

Using homeowner experiences to promote nature-based
50--358.

coastal protection. Marine Policy 81: 2

Sith, C.5., B. Puckett, RK. Gittman, and C.H Peterson.
2018, Living shorelines enhanced the resilience of salumarshes
to Hurricane Matthew (2016). Ecological Applications 28;
87187

Snith, C.5., and S, Seyphers. 2019, Past hurricane

dagmage and flood zese outweigh shoreline hardening for
predicting residential-scale impacts of Hurricane Matthew.
Envirenmental Science and Policy 101: 4653,

ter resitient

Smith, G, 2009, Planning for sustainable and dis:

commanities, p 221-248, I J. Pine, ed. Natural Hazard

Reducing the frapact of Disasters. Boca Raton,

Sovocool, KA. M. Morgan, and D. Bennett. 2006. An in-depth
Investigation of xeriscape us 2 water conservation measure.
Journal AWWA {American Water Works Association) 98:
82-93.

, and . Eij
al Defence: Guidelines for Coastal
Managers to Policy Makers. Ede, Netherlands: Wetlands

Spalding, M., A. McTvor, I
20142, Mangroves for Co

International and The Nature Conservancy.

Spalding, M.Dy AL, Melvor, MOW, Beck, ef al. 2014b. Coastal
ecosystemns: A critical element of
93301,

sk reduction, Censervation

Letters

Spalding, M.D., S. Ruffo, C. Lacarmibra, et al. 2014¢. The role of
qcosysterns in coastal protection: Adapting to climate change and

coastal hazards. Ocean and Coastal Magagement 90: 56-57.

Sriver, R4,
Toward a phy

M. Urban, R. Olson, and K. Keller, 2012,
cally phasible apper bound of se

level rise

projections. Climatic Change 115: 893--902.

Steelrnan, T., and B. Nowell, 2019, Evidence of effe
i the Cohesive Strategy:
response. International Journal of Wildland Fire 28: 267-274.

fe

uring and impr

Steffen, 1., M. Jensen, C.A. Porneroy, and S.J. Burian. 2013,
Water supply and stormwater management benefits of

ties, JAWRA Journal
ation 49 810-824,

residential rainwater harvesting in US

of the American Water Resources Asso

Tulé. 2016, US
ng resitience in dry

Stephens, S.L., BM. Collins,
fedderal fire and forost pol

Biber, and P
wplia

forests, Ecosphere 7: ¢01384,

Stephens, S.L., B.M. Collins, C.J. Fettig, et al. 2018, Drought,
tree mortality, and wildfire in forests adapted to frequent fire.
BioScience 68: 77-88,

-Rumana, C,, K. Shive, P, Fulé, and C.H. Sk
Pre-wildfire fuel re

Q. 2013,

Gction freatments result in more resilient

forest structure a decads after wildfire, Intersational Jowrnal
of Wildland Fire 22: 11081117,

Stevens-Rurmann, CS., and P. Morgan, 2019, Tree regeneration

following wildfires in the western US: A review. Fire Ecology

13:15,

Stotk, R., C. Schutes, G. Reedy, et al, 2017, The Oroville Dam
2017
Basin, Sacramento, CA: Friends of the River.

ons from the Feather River

piltway fncident and ¥

Storlazzi, C.1., B.G. Reguero, A.D. Cole, et al. 2019, Rigorously
valuing the Role of US Coral Reefs in Coastal Hazard Risk

Reduction. Weston, VA: U8, Geological Sury

Stott, PA. N. Christidis, EE. Otto, et al. 2016. Attribution
of extreme weather and climate-related events. Wiley
Interdisciplinary Reviews: Climate Change 7: 23-41.
Subramanian, B, G. Skear, KM. Smith, and KA. Duhring.
2008, Current understanding of the effectiveness of
3540, Tt
nce and Engincering

nenstructural and marsh sill approach

Erdie ot al, eds. Management, Policy, $

of Nonstructur v
Proceedings of the 2006 Living Shoreline Surmmit. CRC
Publication No. 08-164. Gloucester Point, V7
Resources Commission.

osion Control in the Chesapeake Bay

oastal

Sun, E,and R
property damage during tropical o
National Academy of Sciences 117

* Carson, 2020, Coustal wetlands veduce
cJones. Proceedings of the
7193725,

Sun, G, DW. Hallerna, E.C. Cohen, et al. 2019, Effects of
Wildfires and Puel Treatment Strategies on Watershed Water
Quality acress the Contiguous United States. JSFP Project
D: 14-1-06-18, Research Triangle Park, NC: Bastern Forest
vironmental Threat Ass

sment Center

Sun, T, C.8.8. Grimmond, and G.-H. Ni. 2016, How do green
raofs mitigate ueban therral st
of Geophysical Research: Atmospheres 121 5320-5

ader heat svaves? Journal

Sutton-Gries, A, RK. Gittoaan, KK
Tvesting in natu
better along our coasts. Su

rketua, ot al, 2018.
frastructure: Building
3,

1 and nature-based in
ainability 10:3

Syphard, A.D.. V, Butsic, A. Bar-Massada, ot al. 2016.
Setting priorities for private Jand conservation in fire-
protie landscapes: Are fire xisk reduction and biodiversity

conservation competing or compatible objectives? E
and Society

dlogy

F=
d



132

Taylar, EB,, 1.C
Ass
function of beaches and foredunes on the Texas coast. Journal
of Constal Research 311 1205-1216,

sibeant, VW, Yoskowitz, and MLJ. Starek, 2015,
ment and monetary valuation of the storm protection

“febaldi, C., B.H. Strauss, and s 2012, i

U.S. EPA (Environmental Protection Agency). 2008, Reducing

trategies

urban heat isfands: C: of
DCUSE ed March 13, 20200,

A {ac

sea fevel rise fupacts on storm swrges along US coasts.
Environmental Research Letters 7: 014032,

The World Bank. 2017, mplementing Nature-based Flood

U8 EPA (E)

: L Protection Agency). 2014. Planning
for flood recovery and long-term re

: Smart

esifience in Vermon
growth approaches for disaster-res e it
231-R-14-003. Washington, DC: US. EPA.

Protection:  Principles  and ion  Guidance,

fashington, DC: The World Bank,

P

Thotmn, D, and R. Seidl. 2016, Natural disturbance impacts on

ecosystem services and biodiversity in temperate and boreal

forests, Biological Reviews 91; 760-781.

Thompson, B.H. jr. 2012, Background and history:
services. p1-14. 1 tal Quest and Gordon Betty Moore
Foundation, eds. Measuring Nature's Balance Sheet of 2011
Ecosystem Services Semisar Series, Palo Alto, CA: Gordon and
Betty Moore Foundation.

Ecosystern

Thorn, S., C. Biissler, R, Brandl, et al, 2018, Ipacts of salv:
logging on biodiversity: A meta-analysis. Journal of Applied
1279289,

Eeology :
Thorne, C.R. EC. Lawson, C. Ozavea, .1 Hambin, and LA.
Smith. 2018. O
of Blue-Green Tnfrastructure for wrban flood risk management.
Journal of Flood Ri anagenoent }1: $960-8972.

Titas, 1G. DB, Hadgess, DL, Trescott, et al. 2009, State
and focal governments plan for development of most fand
vulnerable to rising sca leval along the US. Atlantic Coast.
(44008,

coming uncertainty and barriers ta adoption

Environmental Research Letters

Truhlar, AM. and C. Bergstrom. 2019. Surging Waters:
Science Empowering Commuritics

in the Face of Flooding.

DC: American Geophysical Union.

UCS {Union of Concerned Scientists}, 2019, Killer Heat in the
Climate Choices and the Twtare of Dangerousty
Haot Days. Camnbridge, MA: Union of Concerned Scientists,

U
regions. Washingion, D
2020). hups v,
ol-americans:live-coastiine

United States:

019, 94.7 miillion Americans live in coastline
U8, Census Bureau {accessed March 10,
us.gov/ibrary/stories (2019707 imilli

Census Bureau,

bt

USDA {US. Departiment of Agriculture ). No date. Conser
flects Assessment Project. Washington, DC: USDA, Nutural
203,

vresimain/nationsl!

Resources Conservation Service (accessed Aprit 7, 2

viwpsipor

bitps:/fwwwnres.asda

PA (Environmental Protection Agency). 2002, Functions
and Values of Wetlands. EPA-843-F-01-002¢. Washington, DC:

US. EPA{
infrasteucture, Washington, DC: US.

1 Protection Agency), 20192, Green
ed May 9,
ralgredns

2020, hitpsd/wvwepagov/green-infn

it

US. B
infr

A {Environmental Protection Agency ), 2019b. Green
hington, DC: US EPA
cater-ro

ructure modeling toolkit, W

(accessed April 6, 20200, ity 3
graer
USES {118, Forest Service}. 2019. TS, Forest Service Pacific
Southwest Region farest health protection aerial detection
y. Redding, CA: Departiment of Agriculture, Forest
ed March 13, 2020}
detail/es/furest-grasstandhealth{2eid =il

I /

Service {acce

v, QA6036

USGCRP (U8, Global Change Research Program). No date.
USGCRP indicators catalog: Hest
USGCRP (accessed May 15,

<s. Washinglon, D.C:

USGCRP (U.S. Glabal Change Research Program). 2017, Clisate
Scienice Special Report: Fourth National Climate Assessraent, vol.
L (D). Wuebbles et al,, eds.) Washington, DXC: USGCRR

USGORP (1.8, Global Change Research Program). 2018,
Impacts, Risks, and Adaptation in the United Stat arth
National Climnate Assessment, vol. IL {D.R. Reidmitler et al.,
eds.} Washington, DC: USGCRR

Vaillant,
the Porest Service Hazardous Fuels Treatment Program-~Are

). Reinbardt, 2017, An evaluation of

L, and B,

we treating enough to promote resiliency o reduce hazard?

00--308,

Journal of Forestry 1
van der Wiel, K., §.B. Kapnick, G.J. van Oldenborgh, et al.
2017. Rapid attribution of the August 2016 flood-inducing
extreme precipitation i south Louisiana to dimate change.
Rarth System Sciences 21: 897-921

Hydrology and

Venkataramanan, V., AL Packman, DR Peters, et al. 2019 A
systematic review of the human health and social well-being

outcomes of green infrastructure for stormwater and flood

Jouenal of Envi fanag 246:

B68-880.

Verchick, R.R,, and L.R. Johnson. 2013 When retreat is
the hest aption: Flood insy

ance af

fter Biggert-Waters and

other climate change puzzles. Johs Marshall Law Review 47:

695720,

Reforences

4



Y

133

Walker, B, J.I. Coop, S.A. Parks, and L. Trader, 2018
regimes approaching historic norms reduce wildfi

conversion from forest to non-forest. Ecosphere 9: €02182.
Walles, B., EI. Fodrie, $. Nieuwhof, et al. 2016, Guidelines for
evaluating perfornmance of oyster babitat restoration should
include tidat emersion: Reply to Baggett et al. Restoration
Beology 24: 4-7.

E., M.T. Stoddard, E.L. Kalies, et al. 2014,

fuel reduction treatments:

Waltz, A
Effectiveness of

ssessing metrics of

forest

E

ency and witdfire severity afier the Wallow Fire,

st Ecology and Management 3

Watson, K.B., T Ricketts, G. Galford, ey, and 1 O'Niel-
Dunne, 2016, Quantifying flood mitigation services:
economic value of Otter Creek wetlands and floodplains to
24,

Middlebury, VT. Ecological Economics 130: 16

We
Tater

ener, P, T. Covine, and . Wohl. 2017. Beaver mediated
al hydrologic connectivity, fuvial carbon and nutrient

fuy, and aquatic ecosystem metabolis. Water Resources
Research 33: 4606-4623.

Westhrook, C.J, D.J. Cooper, and BW. Baker. 2006, Beaver
dams and overbank floods influence ground

er-surface

water interactions of a Rocky Mountain riparian area. Water

Rescurces Research 42; WOG404,

Westerling, A.L. 2016. Increasing western US forest wildfire
activity: Sensitivity to changes in the timing of spring.
Philosophical Transactions of the Royal Society B: Biologicat
Sciences 3712 20150178,

Westerling, A.L., H.G, Hidalgo, D.R. Cayan, and TW.
Swwetnam, 2006, Warming and earlicr spring incroa
US forest wildfire activity. Science 313 940843,

¢ western

White, A-M., and LW, Long, 2019. Understanding ecological
contexts for active restoration following wildfires, New Forests
50: 4156,

Wildland Fite Leadership Council. 2034. The national
strategy: The final phase in the developrient of the natiomal
cohesive wildland fire management strategy, Washington, DC:
US. Department of the Tateror and the US, Departiment

of Agriculture (accessed April 29, 2020). httpsr/fvwy,
For T ——

Wing, O. ohson, DI Bates, et al. 2018, Conservation

to avoid projected development provides cost-effective flond
darage reduction in the coterminous United States. Abstract
H41M-2269. AGU Fall Meeting 2018 Abstracts. Wa

DC: American Geophysical Union.

shington,

Waobus, C., L. Gumann, R. Jones, et al. 2017, Climate (hang{’
0 flood risk and asset damages within mapped

ar floodplains of the contigaous United
arth System Sciences 17: 2199-2211.

impact

106 rates. Natural

Wobus, C.
201
United States under climate change. Journal of Flood Risk
17229,

M. Lawson, R. Jones, |, Smith, and §. Martinich,

imating monetary damages from flooding in the

Manageruent 7:

assman-Beck.
typology for mai ing urban

Young, R., 1. Zanders, K. Lieberknecht, and E
2014 A comp
green infastructiee. Journal of Hydrology 519: 2571-2583.
Zeliner, M., D. Massey, E. Minor, and M. Gonzales-Me
2016. Exploring the effects of green infrastructire placement

on veighborbaod-level fiooding via spatially explicit
nvironment and Urban Systems 59:

simalations. Computers,
116128

Zhang, K., H. Liu, Y.
attenuating storm surges.
102 11-23,

i, et al. 2012, The role of mangsoves in

tuarine, Coustal and Shelf Science

Zolch, 1., I Maderspacher, C. Wamsler, and S, Pavleit. 2016.
Using green infrastracture for wrban climate-proofing: An
evaluation of heat mitigation measuves at the micro-scale.
Urban Forestry and Urban Greening 20: 316.




134




		Superintendent of Documents
	2020-08-20T23:24:37-0400
	US GPO, Washington, DC 20401
	Superintendent of Documents
	GPO attests that this document has not been altered since it was disseminated by GPO




