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RISKY BUSINESS: HOW CLIMATE CHANGE IS
CHANGING INSURANCE MARKETS

WEDNESDAY, MARCH 22, 2023

COMMITTEE ON THE BUDGET,
U.S. SENATE,
Washington, DC.

The hearing was convened, pursuant to notice, at 10:00 a.m., in
the Dirksen Senate Office Building, Hon. Sheldon Whitehouse,
Chairman of the Committee, presiding.

Present: Senators Whitehouse, Van Hollen, Padilla, Grassley,
Crapo, Johnson, Braun, and R. Scott.

Also present: Democratic staff: Dan Dudis, Majority Staff Direc-
tor; Matthew Bolden, Climate Policy Advisor.

Republican staff: Matthew Giroux, Deputy Staff Director; Chris
Conlin, Deputy Staff Director; Krisann Pearce, General Counsel,
Jordan Pakula, Professional Staff Member.

Witnesses:

Mr. Eric Andersen, President, Aon

Ms. Nancy Watkins, Principal & Consulting Actuary, Milliman

Dr. Benjamin Keys, Professor of Real Estate, Wharton School,
University of Pennsylvania

Mr. Jerry Theodorou, Director, Finance, Insurance, and Trade, R
Street Institute

Dr. Judith Curry, President and Co-founder, Climate Forecast
Applications Network, Professor Emeritus and Former Chair of the
School of Earth and Atmospheric Sciences, Georgia Institute of
Technology

OPENING STATEMENT OF CHAIRMAN WHITEHOUSE !

Chairman WHITEHOUSE. Good morning everyone. Thank you very
much for being here. I'm calling to order this hearing of the Senate
Budget Committee entitled Risky Business, How Climate Change
is Changing Insurance Markets. I will lead with my opening state-
ment and then turn to my friend Senator Grassley for his opening
statement, and then I'll introduce the witnesses and we will pro-
ceed with their statements. Your full statements will be made a
part of the record, so please keep to the allotted five minutes, so
we can get into a conversation.

Ranking Member Grassley and colleagues, we are here today for
the fourth Committee hearing, examining the budgetary perils as-
sociated with climate change. Today we focus on the danger to the
national flood insurance program and private insurers, and on the

1Prepared statement of Chairman Whitehouse appears in the appendix on page 33.
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impact the climate related natural disasters will have on insurance
markets.

As we've heard already in earlier hearings, and we’ll hearing
again today, climate disruptions upset insurance markets. And that
in turn upsets mortgage and housing markets. As we have heard,
and will again, sea level rise and wildfire risk can upset property
markets so profoundly as to cause systemic economic damage
across the whole economy, similar to what we lived through in
2008.

You won’t have to have property in flood zones or wildfire coun-
try to feel the pain. I heard colleagues say that the true long-term
budget crisis affecting our country is the debt end deficits. I'm
happy to have that conversation. The President’s budget would re-
duce deficits by almost three trillion dollars, while adding at least
25 years of solvency to the Medicare trust fund.

House republicans want to add three trillion dollars to the debt
by extending the Trump tax cuts for the rich. Let’s have that de-
bate, but let’s not pretend that economic shocks don’t affect the
budget. The 2008 mortgage meltdown added 5 trillion dollars to the
national debt, primarily due to decreased revenues. COVID added
another 5 trillion dollars.

In both crises we were warned, failed to act in time to head them
off, and were engulfed. Today, those trillions have added shock and
debt amounting to 40 percent of our total national debt. And let’s
not pretend that global climate disruption won’t create economic
shocks. Warnings abound of what rising seas, droughts, floods and
wildfires will do to American families and businesses, and to our
economy.

This is the point. If you're serious about debt and deficits, you
have to be serious about climate change. The intergovernmental
panel on climate change, the scientists charged with synthesizing
the latest science on climate change, a group sited favorably by
previous republican witnesses, released its latest report Monday
warning of severe risks to agriculture, infrastructure, public health,
and coastal and flood prone communities.

The report states climate change is a threat to human well-being
and planetary health. There is a rapidly closing window of oppor-
tunity to secure a livable and sustainable future for all. The choices
and actions implemented in this decade will have impacts now and
for thousands of years.

That’s a pretty clear warning, impacts for thousands of years, for
our children’s, children’s, children’s, children’s children, and on and
on into the future.

I ask my colleagues why are we here if not to try and leave our
nation and our planet better off for future generations. We have
the chance now to bend the arc of history, of geophysical history,
of economic history, of national security history, towards a more
livable, prosperous future for generations.

Economic report of the President also came out Monday. Just
like we’ve heard in these hearings, it warns that climate change
threatens a volatile and cascading economic instability. Here’s a
relevant part. Certain financial instruments, such as insurance
contracts and mortgages—I repeat, insurance contracts and mort-
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gages, that directly or indirectly price weather related risks are
highly exposed to climate change.

Rapid change of an asset’s prices or reassessments of the risks
in response to a shifting climate could produce volatility and cas-
cading instability in financial markets. I repeat again, volatility
and cascading instability in financial markets. Property insurance
against catastrophic natural hazards is at the forefront of climate
change risk exposure, and is already showing signs of strain.

These latest reports echo statements made by the Treasury Sec-
retary earlier this month. She declared climate change will likely
become a source of shock to the financial system in the coming
years. If climate change intensifies, natural disasters and warming
temperatures can lead to declines in asset values that could cas-
cade through the financial system.

And a delayed and disorderly transition to a net zero economy
can lead to shocks to the financial system as well. In response to
rising insured losses, some insurers are raising rates, or even pull-
ing back from high risk areas. This has potentially devastating con-
sequences for homeowners and their property values.

“Developments like these can spill over to other parts of our
interconnected financial system.” I know there are powerful inter-
ests who don’t want these hearings to happen, but want to change
the subject, that want everyone to ignore the warnings from sci-
entists, from economists, from financial institutions, from govern-
ment.

Those powerful polluter interests want us to listen instead to
their noise and nonsense. The denial, the delay, the obstruction,
the obfuscation. And for far too long has halted a bipartisan de-
fense against the climate threat. It’s getting to be time to choose.
What we do here now will not just have impacts for thousands of
years, it will be remembered for thousands of years. We might do
well to consider how we would like to be remembered because that
moment of choice is upon us.

Chairman WHITEHOUSE. Senator Grassley.

OPENING STATEMENT OF SENATOR GRASSLEY 2

Senator GRASSLEY. Thank you very much Mr. Chairman. The au-
dience for today’s hearing on private insurance is different than
last week’s hearing on the President’s 2024 budget. As such, I
would like to recap what we heard last week at our first, and pre-
sumably only budget centric hearing this Congress.

What we received from President Biden was a budget that con-
tinues this country on a destructive path of deficits and debt. The
budget doubles down on the reckless tax and spending binge of the
administration’s first two years. It calls for nearly 5 trillion dollars
in new taxes that will kill jobs, and punish hard-working Ameri-
cans.

And despite all the lip service, it does not extend the tax relief
provided to Americans making under $400,000.00 under the Tax
Cuts and Jobs Act, so it increases taxes on just about everybody.
This is a breach of the President’s pledge not to raise taxes on the

2 Prepared statement of Senator Grassley appears in the appendix on page 35.
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middle class. Not surprising for an administration that routinely
breaks its promises, as well as the law.

We saw Democrats try to justify tax increases by pointing out
that the last time we had a budget surplus revenues were 19 per-
cent of gross domestic product. Well that means outlays were less,
at about 18 percent. Does the Democrat majority want that out-
come? The administration surely doesn’t, as spending in their
budget will surpass 25 percent of the economy in the ten year out-
look.

Outside of World War II and the pandemic, that would be the
highest spending level on record. Last week before this Committee,
the OMB Director repeated the fallacy that the President’s policies
have led to deficit reduction. Now only in Washington could you
claim savings from not continuing temporary emergency COVID
spending. And it would be laughable if it wasn’t so disingenuous.

We saw a continued demagoguery from the administration on the
issue of major trust fund programs. This administration has no
plan, no plan whatsoever, to shore up social security for future gen-
erations. Instead they want to paint us Republicans as boogeymen
for wanting to prevent automatic cuts that will surely occur, absent
action by the President and the Congress.

Where’s the President’s plan to protect seniors? We know that so-
cial security is going to get down to no more than 77 percent of
what it pays today by 2035. The Democrats have made their mes-
sage loud and clear. They don’t care about the fiscal problems fac-
ing us right now. Democrats don’t have a plan to deal with infla-
tion, even though their bills substantially increase inflation.

And what I just said is, according to CBO. From Iowa to Rhode
Island our constituents collectively believe that our exploding na-
tional debt is a major problem facing America. The last two climate
hearings held by the Budget Committee touched on the impact of
sea level rise, hurricanes and wildfires. We’ve heard from witnesses
discussing costs due to these climate and weather events.

We've heard the reasons why we’re seeing increased costs. Cli-
mate change is important, but it is not the only driver. Short of the
need for better federal forest management, states, towns, and indi-
viduals can take care of most of their own challenges through
smarter land use, and development practices.

While this Committee is the Budget Committee, this hearing is
not focused on the public federal budget. It targets the private in-
surance and reinsurance industries with speculative scenarios in
an effort to raise alarm. My Democratic colleagues want you to be-
lieve that insurance and reinsurance companies are in dire straits
due to climate change, and that insurance will become unavailable
and unaffordable.

I just read last week that insurance companies are leaving Cali-
fornia for the simple reason that the government of California has
to regulate every increase that goes into effect in insurance, and
when the government’s involved in that you can’t be in business in
California.

Well, that’s not necessarily the case, and we’ll hear from wit-
nesses dispelling those extreme models. From hurricanes to
wildfires, the insurance and reinsurance markets have shown to be
resilient. Rather than relying on federal intervention in the insur-
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ance markets, or pushing more costs onto taxpayers we should en-
courage more solutions from the private sector. I yield.

Chairman WHITEHOUSE. Thank you very much. Eric Andersen,
who is the President of Aon, and has spent more than 30 years in
the insurance industry. We're delighted to have him here to hear
his perspective.

Nancy Watkins is a Principal and Actuary with Milliman. She
too has spent decades in the insurance industry, and we’re very
pleased to welcome her and hear her perspective.

Dr. Ben Keys is a Professor of Real Estate and Finance at the
Wharton School of the University of Pennsylvania. An economist by
training, he has spent a lot of time studying the 2008 mortgage
meltdown, and more recently has turned his attention to climate
risk. We welcome his testimony.

Jerry Theodorou is another insurance industry veteran. After a
long career in the industry he is currently the Director of Finance,
Insurance and Trade at the R. Street Institute. We look forward to
hearing from you.

And Dr. Judith Curry, appearing remotely is a Professor Emer-
itus. The former Chair of the School of Earth and Atmospheric
Sciences at the Georgia Institute of Technology. She is currently
the President of the Climate Forecast Applications Network. Mr.
Andersen, if you would proceed.

STATEMENT OF ERIC ANDERSEN, PRESIDENT, AON 3

Mr. ANDERSEN. Good morning, and as you said, my name is Eric
Andersen, President of Aon, and on behalf of my 50,000 colleagues
at Aon, I would like to thank Chairman Whitehouse, Ranking
Member Grassley, and each member of the Committee for the op-
portunity to testify on the role that insurance can play in miti-
gating climate risk.

Climate risk is a global, systemic risk, and the insurance indus-
try is a bridge between public risks and private capital. At its core,
our business is about creating resiliency to protect the assets of
today, and foster the growth of tomorrow. We do this by spreading
the impact of risk across a wide array of financial participants over
time.

This allows people and businesses to withstand volatility, to have
the resources and confidence to invest, and to protect and rebuild
when necessary. Properly managing climate risk not only protects
against the downside, but can also be a catalyst for growth. Cre-
ating the tools to match capital to risk to ensure the innovation
necessary to reduce carbon will create both climate transition and
economic growth.

The two forces, protection and innovation, are required. Capital
will not go where it is not protected, nor will it go where it cannot
expect a return, even when communal benefit is clear. This is why
public-private partnerships are so important.

The Committee has asked for an overview of global climate risks,
and the role of the insurance markets. And I'm pleased to provide
that this morning. On January 23, 2023, Aon published the 2023

3 Prepared statement of Mr. Anderson appears in the appendix on page 37.
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Weather, Climate and Catastrophe Industry Report, which I have
included in my written testimony.

The study has compiled data on recent extreme weather events,
and provides insight on our ability to rebuild from them. Claims
data shows that 2022 was the most expensive year on record, with
an approximately 50 to 55 billion of the global insured losses total
resulted from Hurricane Ian in the U.S.

That storm alone was the second costliest natural catastrophe in
history from an insurance perspective, surpassed only by Hurricane
Katrina in 2005, which was nearly 100 billion of insured losses.
The report also highlights that over 31,000 people across the globe
lost their lives in nat cat events in 2022.

While the total number of fatalities remains below average for
the 12th year in a row, the concentration of the impact has in-
creased. Nearly 20,000 fatalities were heat related deaths in Eu-
rope alone. As shown in our report, decisions in the insurance in-
dustry are driven by data, giving us a unique capability to identify
challenges and create innovative solutions across both the public
and private sector.

Through public, private partnerships with the government, Aon,
and others in our industry have helped stabilize Fannie and
Freddie and the housing crisis, create insurance market post-911,
and every type of catastrophe in between. Making a market for
risks that are vital to the economy, but seem uninsurable is our
most important duty. Just over a decade ago in the wake of the fi-
nancial crisis the mortgage market was disappearing, undermining
one of the pillars of the U.S. economy.

Just as the U.S. economy was overexposed to mortgage risk in
2008, the economy today is overexposed to climate risk. But back
then the insurance industry, led by Aon, was able to help. We de-
veloped both analytical and insurance coverage products to transfer
risks away from Fannie Mae and Freddie Mac to private reinsur-
ance markets.

Ten years on, this public private partnerships exceeds 40 billion
in premium. The models and discipline allowed an orderly transi-
tion of the secondary mortgage market that exists today. We are
designing similar risk transfer products to free up capital today for
climate resilience efforts tomorrow. And I would highlight other
private partnerships that we have undertaken.

In 2021, the World Bank, Aon, and U.S. AID teamed up to miti-
gate hurricane risk in Jamaica through catastrophe coverage. The
bonds will deliver 185 million in immediate liquidity post-event,
ensuring not only humanitarian relief in the case of a windstorm,
but facilitating immediate economic investment pre-event based on
1]L',)he1 dcertainty of funds to assure infrastructure and property re-

uild.

Currently, we are pioneering the first employee resilience bond
for a large employer in developing climate volatile country to pro-
cure a bond to provide cash assistance directly to employees in the
event of a disaster to meet recovery needs.

I also want to highlight examples of the industry forging a better
path on its own by facilitating an energy transition, and providing
ways to bring new solutions to market quicker. For example, cat
bonds were created to provide post-event coverage for traditional
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risks, but they also encourage pre-investment in research and de-
velopment that could help clean energy transitions by insuring cer-
tainty of funds to deal with the impact of traditional claims.

In other cases, we are developing an industry leading capability
to enable a company to accurately value its intellectual property,
and then use it as an asset to finance growth. This allows them to
bypass traditional funding and accelerate their time to market. For
many green technology companies this is becoming their best op-
tion.

Climate risk proposes substantial challenges to insurers and in-
surers alike. While insurance is based on the principal of diversi-
fying risk, in many cases insurance risk management becomes
more challenging as events become more interconnected across
lines of business, geographical regions and perils. We are oriented
around the philosophy that big problems need to be solved by col-
laborating, that is exactly that.

Humanitarian, private and public sectors partnering together to
provide that solutions can be found together. Thank you.

Chairman WHITEHOUSE. Thanks very much Mr. Andersen. We'll
just continue right across the table, so that would make you next
Miss Watkins, thank you for being here.

STATEMENT OF NANCY WATKINS, PRINCIPAL & CONSULTING
ACTUARY, MILLIMAN 4

Ms. WATKINS. Thank you Chairman Whitehouse, Ranking Mem-
ber Grassley, and members of the Committee for inviting me here
today.

My name is Nancy Watkins, and I am an actuary and principal
with Milliman, an independent consulting firm. I serve as an ex-
pert on catastrophe risk for insurers, real estate industry groups,
and state and federal government agencies. I also volunteer to pro-
mote insurance availability and affordability, alongside the Na-
tional Association of Insurance Commissioners, Western Fire
Chiefs Associations, and the United Nations.

Let’s talk about homeowner’s insurance and how climate change
is impacting it. First, climate change is not a problem of the dis-
tance future. It’s already here. Across the country, we have insur-
ance protection gaps and crises exacerbated by climate change.

Flood risk in the U.S. is already very high, increasing rapidly
and unsustainable once you factor in sea level rise. NOAA reports
that about 80 percent of the East and gulf Coasts are seeing more
high tide flood days, and that this spring about 44 percent of the
U.S. is at risk for flooding.

Most flood risk is not covered by the private market. Only 4 per-
cent of U.S. homeowners have flood insurance today, largely
through the government-run NFIP. Unprecedented wildfires have
driven insurers to shed high-risk policies in Western states like
California, Oregon, and Colorado. In California, homeowners’ insur-
ers lost 20 billion dollars in 2017 and 2018, due to wildfire, wiping
out two times the cumulative profits earned over the prior 26
years.

4Prepared statement of Ms. Watkins appears in the appendix on page 161.
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Since 2020, Louisiana has been hit by multiple hurricanes, trop-
ical storms, tornadoes and excessive rainfall events. After 20 com-
panies folded or exited the state, more than 100,000 policyholders
are now in the state-run insurer of last resort.

Insurance market withdrawals can cause ripple effects that en-
danger entire communities, and create a downward spiral that’s
difficult to emerge from. This could happen gradually, but it’s pos-
sible for weakened markets to collapse quickly through a crisis of
confidence triggered by one event.

Second, a broken insurance market is not the problem, it’'s a
symptom of a larger problem, too much risk for the market to bear.
The risks associated with climate change and catastrophes are
owned by homeowners and the community, not the insurance in-
dustry. Much of that risk can potentially be transferred to insurers
if there’s a sustainable private market, which rests on three pillars,
availability, affordability and reliability.

Climate change is interacting in new ways with pother inherent
risks, causing cracks in all three of those pillars. The policy actions
intended to help can actually backfire and accelerate the collapse
of the insurance market. This generally happens because these ac-
Eior;ls don’t address the underlying problem that the risk is too

igh.

Often, this occurs when land use policies and building codes don’t
keep up with risk, resulting in a mismatch between actual vs. per-
ceived risk by homeowners. Because we aren’t all actuaries, one
way to effectively communicate the actual risk to consumers is to
build the true cost of risk into insurance pricing.

Risk-based pricing drives behavior. If you can buy low-cost insur-
ance, or you aren’t even required to insure your home against
flooding, you expect this to be a safe place to live. If you can’t get
affordable insurance, you may act to mitigate the home’s risk and
reduce your premiums, or you may decide it’s too risky to live there
at all.

The obvious down side is that premiums maybe unaffordable for
some homeowners. The government could decide that it’s good pol-
icy to subsidize premiums, with the costs ultimately borne by oth-
ers. Generally, current and future policyholders or taxpayers who
live in lower-risk areas, often in other states.

To reduce premiums and the cost of subsidization, the only effec-
tive action we can take is to drive down the risk. Third, the cost
of driving down climate risk is much lower than the cost of inac-
tion. The choice to ignore climate change and manage from crisis
to crisis puts more families in harm’s way, with low-income com-
munities likely to be hit the hardest and suffer the most. Failure
to act early reduces the number of options available and drives up
the costs of reaction at various government levels.

To avoid this, we need to work collectively to bend down the risk
curve. We need to have better data, better modeling, higher
prioritization of mitigation versus disaster response, better stake-
holder coordination, and resource assistance to those areas most in
need.

The sooner our society chooses to face the risks associated with
climate change, the more options we will have to drive down those
risks, and the lower the cost will be. Climate risks are complex,
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and difficult to understand. The actuarial community is leveraging
science and technology and working with other experts to measure
these risks and communicate them to important stakeholders like
this Committee.

We aim to give you the best information available, so that you
can make informed decisions. Thank you.

Chairman WHITEHOUSE. Thank you very much, and we turn now
to Dr. Keys.

STATEMENT OF DR. BENJAMIN KEYS, PROFESSOR OF REAL
ESTATE, WHARTON SCHOOL, UNIVERSITY OF PENNSYLVANIA 5

Dr. Keys. Chairman Whitehouse, Ranking Member Grassley,
and members of the Committee. Thank you for inviting me to ad-
dress how climate change is affecting insurance markets. My name
is Ben Keys, and I am an economist and Professor of Real Estate
and Finance at the University of Pennsylvania’s Wharton School.

My research agenda examines how households interact with the
financial system, and how the financial system manages risk.
Today I'd like to highlight how issues in property insurance mar-
kets affect household well-being.

First, rising insurance costs are having a direct effect on house-
hold’s pocketbooks. Across the country, average homeowners’ insur-
ance premiums rose by 40 percent from 2010 to 2019. In addition,
private insurers are exiting certain markets. The number of enroll-
ees in state-backed insurer of last resort plans rose by 29 percent
between 2018 and 2021.

With rising climate-related risks, and the rising costs of reinsur-
ance, insurers will continue to increase premiums and exit mar-
kets, leaving homeowners with fewer choices, less protection, and
more financial distress.

Family budgeting is difficult as it is. With insurance premiums
changing every year it’s nearly impossible for households to accu-
rately forecast their expenses. For instance, this January state-
backed Louisiana citizens increased their rates by 63 percent. Costs
are also rising in the National Flood Insurance Program.

In the first year of the Risk Rating 2.0 reform, 75 percent of pre-
miums increased by the statutory limit of 18 percent. Half of all
NFIP policyholders will see their premiums more than double after
five years. Sadly, these increases will lead many households to
choose to go without insurance.

Rising insurance costs directly affect housing markets. Each ad-
ditional dollar of premiums decreases the demand for a home, af-
fecting the amount its owners can expect to receive when they sell.
In more dire situations where homeowners cannot find insurance,
lenders will not be willing to accept uninsured homes as collateral.

These concerns are not merely theoretical. Economic research
shows that higher flood insurance premiums lower home prices,
and make it harder to get a mortgage. My own research shows that
the threat of future sea level rise lowers home prices today, as buy-
ers don’t want to be left with an uninsurable home down the road.

In short, home prices have already started reacting to climate
risk, even as we've realized only a fraction of the higher premiums

5Prepared statement of Dr. Keys appears in the appendix on page 164.
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and sea level rise expected in the coming decades. I want to briefly
highlight why climate risks are so difficult to insure.

After a massive fire in the City of Hamburg, Germany in 1842,
local insurers failed. Reinsurance markets arose for fire insurance
because fires are idiosyncratic events, allowing providers to create
a diversified risk pool and spread these risks widely and effectively.

Unlike the chance of a fire in a given city, however, climate risk
is better described by the title of the latest Oscar winner, “It’s Ev-
erything, Everywhere, All at Once.” Climate change is simulta-
neously inducing a heightened risk of flood, storm damage, chronic
inundation, drought, excessive heat, and wildfires.

These risks are inherently difficult to diversify. While reinsur-
ance and the catastrophe bond market will continue to play a role
in maintaining functioning insurance markets, there is no avoiding
the fact that the increasing risk of large loss events will mean
higher costs for consumers.

The limitations of private insurance markets for insuring against
these climate risks points to a larger role for the government. State
and federal insurance entities will bear more of these risks going
forward as private insurers pull back.

If we do not take action on climate adaptation and mitigation,
then we can expect private markets for wildfire and wind coverage
to increasingly resemble the NFIP and rely on public support.

Further costs will be borne by Fannie, Freddie, and the FHA,
who make up two-thirds of our 13 trillion dollar mortgage market,
and by FEMA and other post-disaster aid sources. Topics sur-
rounding insurance often feel remote, or difficult to digest, but they
impact everyday households. Far too many Americans are currently
unprotected from climate risks.

Only one third of households in flood zones have flood insurance.
And the First Street Foundation estimates that 6 million house-
holds are at significant flood risk, but lie outside of FEMA’s out-
dated floodplain maps, making them likely unaware of their dan-
ger.

Private insurers’ aim to price their risks accurately, so we should
pay close attention to the choices that they make. No matter your
views on climate science, insurers are responding to the increased
frequency of high-cost disasters and the latest scientific forecasts.

The departure of insurers from property markets has serious im-
plications for home values, the dominant store of wealth for the av-
erage household, and for communities that rely heavily on property
taxes to provide basic services, as well as defend against further
climate related change.

Now is the time to identify policy solutions to reduce American
families’, businesses’, and taxpayers’ exposure to climate risk.
Thank you again for the opportunity to testify.

Chairman WHITEHOUSE. Thank you very much Dr. Keys. Next
Mr. Theodorou.
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STATEMENT OF JERRY THEODOROU, DIRECTOR, FINANCE,
INSURANCE, AND TRADE, R STREET INSTITUTE 6

Mr. THEODOROU. Chairman Whitehouse, Ranking Member
Grassley, esteemed members of the Committee, thank you for the
opportunity to testify on how climate change is changing insurance
markets. I am Jerry Theodorou. I'm the Director of the Finance, In-
surance and Trade Program at the R Street Institute, where as
earlier in my career I conduct independent research on insurance
markets and what drives their performance.

Today’s issue is important for insurance providers and buyers be-
cause climate change alters historical patterns of severe weather.
It adds uncertainty to an industry whose role is to provide stability
and protection from loss. There is broad consensus among insurers
that the climate is changing in ways aggravating extreme events.

My comments summarize more extensive written testimony and
address three questions at the heart of today’s hearings. What is
the impact of climate on insurance markets? What is the financial
condition of insurance markets? And how do insurance markets re-
spond to climate change?

Insurers are in the business of providing protection from severe
weather events when wind, fire, hail, and flood release their fury,
causing billions of dollars in property damage, insurance is the
economy’s financial first responder, paying claims, getting cus-
tomers back on their feet.

Property insurance covers severe weather events, and insurer’s
are capitalized sufficiently to meet those claims obligations. When
such weather costs billions, or tens of billions of dollars, insurers
are cushioned with financial protection from reinsurance, the in-
dustry’s shock absorber.

Reinsurance enables insurers to limit their losses, maintain fi-
nancial stability, while providing stability to customers. The insur-
ance industry is highly competitive with over 3,000 insurers, rang-
ing from large national giants to small county mutuals. Reinsur-
ance markets are also competitive, with hubs in Continental Eu-
rope at Lloyds in Bermuda and in the U.S.

And just as primary insurers limit their losses with reinsurers,
reinsurance companies buy retrocessional cover to protect their bal-
ance sheets. So the broader insurance industry thus provides three
protective  layers, primary insurance, reinsurance, and
retrocessional reinsurance, making insurance markets exception-
ally durable.

To illustrate, in 2010, in the wake of the Great Recession, there
were 157 bank failures, but only eight insurance company impair-
ments. The low failure rate of insurers is due to their focus on cap-
ital management, dedication to shepherding their capital has en-
abled the longevity of insurers and reinsurers. Many mutuals were
founded in the early 1800’s and are still going on strong today.

The income statement of the insurance industry is solid. In only
one of the past five years was there an underwriting loss. In 2022,
from automobile repair cost inflation, and the insurance industry’s
balance sheet has strengthened in recent years, it’s surplus, the ex-

6 Prepared statement of Mr. Theodorou appears in the appendix on page 172.
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tent to which assets exceed liabilities, rose from 750 billion dollars
in 2018, to over 1 trillion dollars in 2021.

And reinsurers also delivered healthy results through 2022. In-
surance markets respond to climate change in two broad ways, by
encouraging buyers to mitigate losses, and with new products. Loss
mitigation measures to improve resilience, include discounts for
hardening their structures and credits for communities that estab-
lish natural barriers, such as mangrove forests and marshes be-
tween bodies of water, and buildings that are constructed.

Other ways that insurers respond to climate change include
named peril, rather than all risk policies, parametric covers, rebal-
ancing of investments, attracting third party capital, and offering
private market alternatives to government programs. Ignoring cli-
mate change is not acceptable. Climate skeptics are not to be found
in the fundamentally conservative insurance industry, whose job
after all is to restore things to the way they were.

We acknowledge those who call for waking up to the reality of
climate change. Insurers have acknowledged it for many decades.
Insurance markets have an appetite for climate risk, are in the
business of dealing with it, and will continue to play a key role in
absorbing and mitigating its risk to our economy. Thank you for
the opportunity to testify, and I look forward to your questions.

Chairman WHITEHOUSE. Thank you very much. And our final
witness, remote, is Professor Curry.

STATEMENT OF DR. JUDITH CURRY, PRESIDENT AND CO-
FOUNDER, CLIMATE FORECAST APPLICATIONS NETWORK,
PROFESSOR EMERITUS AND FORMER CHAIR OF THE
SCHOOL OF EARTH AND ATMOSPHERIC SCIENCES, GEORGIA
INSTITUTE OF TECHNOLOGY 7

Dr. CURRY. Good morning. I would like to thank the Committee
for this opportunity to present testimony. I'm Judith Curry, Presi-
dent of Climate Forecast Applications Network, and Professor
Emeritus at Georgia Tech. My expertise is on climate dynamics,
uncertainty and risk science.

Insurance markets are influenced by our perceptions of climate
risk. Referring to climate change as a crisis is at odds with profes-
sional judgments of climate risk. The so-called climate crisis isn’t
what it used to be. In 2013, in the IPCC Fifth Assessment Report.

The extreme emissions scenario, RCP8.5 was regarded as a busi-
ness as usual scenario. With expected warming of four to five de-
grees Centigrade by 2100, now there is general acceptance that this
extreme scenario is implausible. The baseline warming currently
used by the UN Conference of Parties has been reduced by half, to
2.5 degrees by 2100.

This is an additional 1.3 degrees above current temperatures. It’s
difficult to overstate the importance of the shift in expectations for
extreme weather events associated with rejection of the extreme
scenario. Rejecting an extreme scenario has rendered obsolete
much of the climate impacts literature and assessments of the past
decade that are focused on this scenario. Landfalling hurricanes

7Prepared statement of Dr. Curry appears in the appendix on page 180.
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incur the greatest property and casualty losses among extreme
weather events.

Recent international assessment reports have low confidence that
there have been detectable changes in the long-term record of hur-
ricane activity beyond natural variability. The insurance industry’s
perception of a substantial future risk from increasing hurricane
damage is enforced by three recent reports from the insurance sec-
tor.

These reports infer misleadingly high damages by 2050, by using
the implausible extreme emissions scenario. They also assume sub-
stantial increases in the number of major hurricanes, which is at
odds with recent assessment reports. Further, these reports neglect
the major modes of multi-decadal natural variability. These have
had a dominant influence on the Atlantic hurricanes in the histor-
ical record.

Implausibly high projections of U.S. landfalling hurricanes by
2050 result in inappropriate notes of insurability, inappropriate
pricing of insurance, and misguided confidence levels of investors.
Not only have we been misled about the amount of warming to ex-
pect and its impacts, we have also badly mischaracterized the na-
ture of the risks from climate change.

We have conflated the slow, incremental risks from warming
with the emergency risks associated with extreme weather events
that have little to do with the warming. This mistaken conflation
of risk is driving the stated urgency for emissions reductions and
the rapid transition of our energy systems.

A key element in insurance losses from extreme weather events
is the reliability of the electric utility system, extended power out-
ages contribute to loss of life. During extreme cold events outages
can result in substantial property damage from burst water pipes.
This is what happened as a result of the extreme cold event in
Texas last year.

And worse winter problems are associated with continental scale
high pressure systems, which produce very cold temperatures and
weak winds over most of the U.S. Now, many coal and nuclear
power plants have shut down. A lack of onsite fuel storage contrib-
uted to the Texas outage, and the recent Christmas blackouts in
areas served by the Tennessee Valley Authority.

Near term risk associated with the rapid transition of electric
utility systems to wind and solar, we can reduce the transition risk
by reducing the urgency of the transition to be commensurate with
the slow incremental risk from emissions driven warming. This
would allow time for evaluating and incorporating newer tech-
nologies that do not reduce electric power reliability.

Climate change and its perceived threats, provide an opportunity
to broaden the relevance of the insurance sector to risk mitigation.
Adaptation provides new opportunities to underwrite climate expo-
sure risks. Insurance companies can help prevent customers from
incurring damage.

They can also work with the public sector to improve their base
standards and land use policies. Climate variability and change
with the attendant extreme weather events is best regarded as an
ongoing predicament. This will require continued adaptation by
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communities and businesses, plus mechanisms to share and trans-
fer financial risk. Thank you.

Chairman WHITEHOUSE. Thank you Miss Curry. If I might Mr.
Andersen, ask you for a more practical and common place defini-
tion of the phrase you used, global systemic risk. We’ve heard a
considerable number of our witnesses talk about systemic risk. It
has a rather bland quality to it, but it describes something that is
anything but bland. What would be your description of systemic
risk?

Mr. ANDERSEN. So what we mean by systemic risk is the inter-
connectedness of these types of risks, and a number of the other
panelists also mentioned that ultimately one event has implications
on supply chains, physical damage, displacement of people. And so,
history, you know, as people have looked at those risks over time
they’ve often looked at them very separately.

But with climate change the effect that it is having on the size
of the storms, the wildfires, the effects of it, are actually creating
risks that are so interconnected they had to be dealt with in total-
ity as opposed to just by individual factor.

Chairman WHITEHOUSE. The way that I have described this is
that climate change causes weather anomalies, and those anoma-
lies make events harder to predict. And that added difficulty of pre-
diction compromises insurability, and as insurers either withdraw
or raise prices, that has an effect in mortgage—in property markets
because it’s very hard to buy a mortgage property if you can’t en-
sure it.

And of course, without mortgages, demand for properties col-
lapses, because you're only selling to all cash buyers at that point.
And when demand collapses, values collapse, and that can cause
severe economic harm across the entire economic landscape. Is that
a fairly accurate description of how this cascades through to from
weather discrepancies to a general property value’s problem?

Mr. ANDERSEN. I think your underlying hypothesis that the mod-
els of old that have been used looking backwards are not as valu-
able to the models that need to be developed for a changing cli-
mate. So that is the underlying premise. If you're looking to match
risk and capital together, the inherent sort of assumption in that
is confidence that the risk that’s being transferred is predicted, and
therefore can be priced appropriately for the risk that’s assumed.

Chairman WHITEHOUSE. You can’t insure what you can’t predict.

Mr. ANDERSEN. You can’t insure what you can’t predict because
the capital will not be protected.

Chairman WHITEHOUSE. You made a comparison in your testi-
mony between climate risk today and mortgage risk in 2008. Why
did you make that comparison?

Mr. ANDERSEN. It was designed to be an example of where using
the information that Freddie and Fannie had on mortgage default
risk, the ability of the insurance and reinsurance to bring modeling
capability to do the predictability, actually to understand that risk,
and then bring new sources of capital into the market. That’s es-
sentially what we’re talking about with climate.

Ultimately, the size of the capital pools that need to be brought
to bear to help manage and transfer these risks to a broader finan-
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cial sort of pool of capital is ultimately our strategy in helping cli-
ents deal with this issue.

Chairman WHITEHOUSE. And to perhaps state the obvious, as the
President of Aon Corporation, you have a fiduciary duty to your
shareholders and to your employees, and to your customers, to try
to get this right. And that requires that you pursue and obtain reli-
able forecasting, not just for the business reasons of making money,
but also for the fiduciary reasons of not misleading anyone.

Is that a fair description of accountability that you operate
under?

Mr. ANDERSEN. We take a very strong position that our oppor-
tunity to help our clients manage this risk, that when you talk
about it as a client, it’s not just a corporation, it’s a community, it’s
people that live and work in that community.

Our efforts around understanding and trying to predict the ef-
fects of climate change, and then developing products and solutions
that actually allow people to transfer that risk as best they can, so
that they have the funding available to either rebuild, or support
those displaced individuals, we view as one of our most important
roles going forward.

Chairman WHITEHOUSE. And you can’t just say what you please.
You're bounded by the fiduciary duty to be truthful and accurate,
and operate on the best information you can find.

Mr. ANDERSEN. Of course.

Chairman WHITEHOUSE. Ms. Watkins, in your testimony you talk
about the ripple effects of insurance withdrawals, which I think I
tried to explain in my questioning to Mr. Andersen, that it can en-
danger entire communities and create a downward spiral that’s dif-
ficult to emerge from, and in which collapse can happen quickly,
often to a crisis of confidence triggered by one event.

Could you elaborate a little bit on that scenario, and how that
plays into the problem of systemic risk and economic harm?

Ms. WATKINS. Yes sir, and I do agree with your description, and
I would extend it a little farther to when real estate values start
dropping. Also, this is accompanied by quality of life issues. In my
current home state of California, we’re having power outages,
smoke that can make it hard to go outside all summer long. A day
where we never saw the sun because of smoke. Those sorts of
things, the need to evacuate frequently, which happens a lot of
times in hurricane prone areas. That kind of uncertainty can com-
bine together to cause people to want to leave.

At that point you have a disincentive for businesses to, you
know, establish new roots in a community. You have a reduction
of the tax base. Concurrently, you know, real estate investors and
you know, municipal bond investors, theyre also looking at climate
change and making their long-term decisions.

And so, the influx of investment into a community that’s not re-
silient to climate can be reduced as they’re competing with commu-
nities in other areas for that kind of investment. So, the tax base
goes down, the cost of borrowing can go up. It can be harder and
harder for a community to try to deal with the risk even if it stayed
the same.

But if it’s increasing, they just get squeezed. So that’s what I'm
talking about in terms of the downward spiral. The crisis of con-
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fidence, I mean I think in a non-insurance example in the recent
news we have Silicon Valley Bank. The kind of last man at the bar
syndrome, where the people involved in the risk who felt like they
were at risk, decided they were going to pull out.

And that pull out could actually not only endanger that bank,
but other banks that others thought were in similar situations.
Whether or not they had actually made the same kinds of decisions
that led to Silicon Valley Bank’s collapse. So what we have, just
for example, California, we have the California Fair Plan, which is
growing unsustainably high as the insurance market withdraws,
the Fair Plan increases.

It’s supposed to be a crutch for the market. It’s supposed to prop
up the market while the market heals itself. But the problem is
when the policymakers decide to turn the crutch into a leg, and
start paying attention to protecting the crutch, and making it more
of a long-term solution, it’s no longer an effective crutch, and it’s
not a very good leg either.

So, we’re not healing the broken system and the process. Right
now in California, the Fair Plan is running at a 332 million dollar
deficit. That was about a year and a half ago. The rates are 72 per-
cent inadequate at last report. They’re only reinsured for a 1 in 31
year return period at last report.

If the Fair Plan, whose total insured value has gone up by over
four times in five years were to have a multi-billion dollar loss,
which is very possible, there’s an unlimited assessment on the Cali-
fornia insurers who stay in the market. So every insurer who
wants to stay in California—maybe they’ve pulled out of high risk
areas, but they’re insuring low-risk areas.

They are on the hook for the Fair Plan’s potential insolvency in
case of a large event.

Chairman WHITEHOUSE. I've got to stop you there since other
Senators are asking to wait their questions, but—ask the ques-
tions, but thank you very much. And Senator Johnson is next.

STATEMENT OF SENATOR JOHNSON

Senator JOHNSON. Thank you Mr. Chairman. Dr. Curry, let me
start with this statement. I'm not a climate change denier, I'm just
not a climate change alarmist. I get a feeling from most of your tes-
timony maybe you’re a little bit more on that scale with me than
more of alarmist.

But as you've stated in your testimony you talked about when
you look at the real history of occurrences of hurricanes. I've cer-
tainly looked at the history of wildfires, but there’s really nothing
out of the ordinary in terms of long-term perspectives on this. Can
you expand a little bit more on what you’re talking about? You're
jufgt?referring to that in general. Can you get a little bit more spe-
cific?

Dr. CURRY. Sure. Looking back in the historical record extreme
events, you know, in the first half of the 20th Century, particularly
the 1930’s the weather and climate extremes were much worse
than anything we’ve seen so far in the 21st Century, in terms of
the worst landfalling hurricane, the worst heatwaves, the worst
droughts, the worst fires, and on and on it goes.
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And if you looked at the paleo climate records you can extend
even further back, and you see evidence of even, you know, greater
extremes. But the worst atmospheric river event in recorded his-
tory occurred in the 1861 to 1862 winter in California. I mean we
think it’s bad this year, but it was much worse back in the 19th
Century.

And even worse events that you can see in the paleo climate
records. So, we need to temper our perception of what’s actually
going on right now with the extreme events.

Senator JOHNSON. So I appreciate that, and you know, we men-
tioned an earlier witness talked about Silicon Valley Bank, and
what’s happening there, but she has a lack of confidence. And so
if we have all these hail and fire predictions it’s going to reduce
confidence, and it’s going to be a self-fulfilling prophecy, so lets’
talk about the reality.

You just talked a little bit about the reality of extreme events not
being out of the ordinary. Mr. Theodorou, again, I don’t deny the
loss in property, but isn’t that more related to the fact that we are
building incredibly expensive properties in highly vulnerable areas,
where there’s been mudslide areas in California, or wildfire areas,
where we’re not doing proper forest management to prevent
wildfires.

You know, what we’re building out into the Gulf Coast in the At-
lantic shoreline, unbelievably expensive properties, so when a hur-
ricane does occur, yeah, there’s going to be a lot of property dam-
age. So isn’t the real issue here properly pricing the insurance, and
quite honestly, making the owners pay for the risk that they are
taking?

And we don’t do that. We subsidize that risk, and so there’s more
risk taking. Can you kind of speak to that?

Mr. THEODOROU. Yes. Thank you Senator Johnson for the ques-
tion, and it’s both. And indeed there are more values now that are
at risk. There is more unsound development on coastal areas, and
on flood plains. There’s more impervious surfaces as you have as-
phalt instead of dirt to observe the water.

So you have higher values, and that’s the driver of the higher
losses, but also there are more of these extreme events. The 1861—
1862 ARK storm in California that led to Governor Elect Leland
Stanford going to his inauguration in a rowboat in Sacramento was
considered a one in a 1,000 year event. That’s why it was called
an ARK storm, ARK, atmospheric river K for 1,000.

Research has shown that it was actually happening every 200
years, with more recent research from NOAA is now saying that
this can happen every 40 or 50 years. So there are more of these
extreme events, and as you said.

Senator JOHNSON. That’s contrary to what Dr. Curry’s talking
about, but go on. By the way, do you have the insurance industry,
have you calculated the property value in these vulnerable areas
today versus let’s say 50 years ago? I mean do you have a sense
of how much more property is at risk?

Whether or not we have more extreme events, I mean when an
event occurs, we're going to have a lot more property damage.

Mr. THEODOROU. The industry does tabulate this, and there are
modelers that look at that, but indeed the values have gone up be-
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cause of population growth and building, and building, which is not
sound is on the coastal areas, and on flood plains, not built to code,
so that’s an important factor, and we should discourage this sort
of bad behavior, and have protections, mitigation.

But the evidence, the facts are looking at the events and the se-
verity of the events that have been more frequency of severity.

Senator JOHNSON. So my point is that’s something we can do
something about, not building in vulnerable areas.

Mr. THEODOROU. Yes.

Senator JOHNSON. We can do something about building to code.
I don’t think we can hold back the tides, so why don’t we address
what we can actually do versus scare the you know what out of ev-
erybody, reduce confidence. That doesn’t help either. So thank you
Mr. Theodorou.

Mr. THEODOROU. Okay. Thank you.

Chairman WHITEHOUSE. Senator Van Hollen, and then the dis-
tinguished Ranking Member.

STATEMENT OF SENATOR VAN HOLLEN

Senator VAN HOLLEN. Thank you Mr. Chairman. Thank you to
all our witnesses. I think the goal here is to really understand the
risk. It’s not to scare anybody, but it’s to make sure people under-
stand the reality that when you have a climate crisis and you have
more extreme weather events, and you have increase in sea level
rise, we have to understand what it’s impact is, and plan ahead,
so that we can avoid a crisis when it comes to the financial piece.

We obviously have to address the climate piece, and the Chair-
man and I and others have been working on that, but we do need
to understand what’s happening here. So and Dr. Keys, in recent
weeks we have seen a number of very high profile bank failures.
I understand fully that the insurance markets are regulated dif-
ferently, but they still need to be adequately capitalized.

So do you perceive a risk today with respect to insurance compa-
nies being prepared as a matter of capital to deal with the ongoing
risks from climate change?

Dr. KeEys. Well thank you for the question. Senator, I think oth-
ers on the panel may have more expertise on this than I do, given
that they manage a balance sheet more directly. But I think this
is an absolute cause for concern.

And when we look at the failures of insurers in Florida, and deci-
sions to pull out of Florida in particular, I think that speaks to
some of these concerns directly in that there are worries that they
don’t have the balance sheets directly, and they can’t obtain suffi-
cient reinsurance to protect themselves, that they’re leaving risky
markets.

And so one of the explanations for the shift in their choice of
which markets to insure and which to not insure, is in part a func-
tion of their balance sheet.

Senator VAN HOLLEN. Well let me just pose the same question
to Mr. Andersen, and picking up on what Dr. Keys just said, right
there are two ways that insurance companies could respond if they
wanted to address the risk. One is to increase rates, and that’s true
also in the reinsurance market, and that obviously increases rates
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for consumers. Or they can decide just to pull out of insurance mar-
kets in certain areas, like parts of Florida.

Can you talk about what we’re seeing right now and its impact
on consumers?

Mr. ANDERSEN. Sure. The crisis of confidence that’s happening in
the reinsurance market that’s leading into the insurance market is
essentially a crisis of confidence around the ability to predict loss,
which is going to be your question, is climate changing the con-
fidence level that these insurers and reinsurers have around pro-
viding products to consumers or businesses.

And the short answer is the reinsurers today have been with-
drawing from high risk areas around wildfire, around flood in par-
ticular. Some of the other natural catastrophes, like earthquake,
less susceptible to this topic, and so not as much dynamic change.

And so the question of is there enough capital to handle the tran-
sition today? The answer is no. The fact that how do you create
more capital is better transparency around predicted losses. That’s
where a lot of the working the industry is going today because pri-
vate capital will not join the market unless they expect a return,
and they will not be able to expect a return if they don’t know the
risk they’re taking.

And so, the answer to that is they essentially trim their offer-
ings. They pull out of high-risk areas, they drop certain products,
they get out of certain states. This is happening by the way around
the world, it’s not just a U.S. issue, but the underlying facts of the
decision-making are the same, which is they don’t understand the
risks they are taking, and therefore they won’t take them.

Senator VAN HOLLEN. Right. And Ms. Watkins just to follow-up
on this conversation, it seems that there are actually three possi-
bilities here. One is that we don’t do enough in advance, and you
have a meltdown in the ability of insurance companies to make
coverage, or that you increase price, and obviously that means con-
sumers are paying more, or insurance companies pull out entirely,
as we're seeing in Florida and other places.

When insurance companies pull out entirely it’s the taxpayer
that ends up picking up the bill. Isn’t that right?

Ms. WATKINS. That’s exactly right, Senator.

Senator VAN HOLLEN. I mean those are the options. Can you talk
a little bit about what’s going to happen to homeowners in coastal
communities? It seems to me there are really just two options for
folks who are not—don’t have any more coverage. One is that
they’re on their own and they have huge risks, and you know, their
nest egg just goes under.

Or, the public sector provides a bailout. Are those the two op-
tions there?

Ms. WATKINS. As of right now, yes sir, I do believe those are the
options. And so, I mean we do have federal disaster aid, which will
come in if there is like an event that creates a loss, and they have
no insurance. That would help them somewhat, but it won’t really
restore them to, you know, a resilient position for their home.

I think that to get in front of that, and to try to give people bet-
ter information when they’re making the decision to live in a place,
having the insurance risk signal would help avert both of the situa-
tions that you mentioned.
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Senator VAN HOLLEN. Thank you. Well we see what happens
when people don’t get in front of a banking situation. The same
would hold true when it comes to the insurance market. Thank you
Mr. Chairman.

Chairman WHITEHOUSE. Thank you Senator. Senator Grassley.

Senator GRASSLEY. Yeah, I'd like to go to Mr. Theodorou, and fol-
low-up a little bit where Senator Van Hollen’s subject was brought
up. You spent 30 years as a leader in the insurance industry, how-
ever you are now an outside analyst with no financial ties to the
industry I understand.

Could you explain how the insurance industry is designed to
withstand hits and manage risk and has done so consistently?
Should we be worried that the sky is falling on top of the insurance
and reinsurance industries because of climate change?

Mr. THEODOROU. Thank you Senator Grassley for the question,
which is actually two questions. Is the insurance industry designed
to take the hits, and should we be worried that the sky is falling?
If I can address the second one first, is if we put it in context, the
stresses on the insurance industry historical context. There have
been crises and problems that the insurance industry has faced be-
fore. Just go back to the pandemic a few years ago.

Early in the pandemic there were voices saying that workers’
compensation losses would be so great because of essential workers
contracting the virus, going to the emergency rooms and dying,
that it would be too big a loss on the insurance companies for
workers’ compensation.

That did not happen. Workers’ compensation insurance did quite
well, and rates have come down in most states. Dial back a few
more years to the subprime mortgage crisis. There were so many
bank failures, but the insurance industry did not have more than
its long-term average of failures, so it withstood that crisis as well,
which was systemic as it affected many aspects of the economy.

Go back another ten years, Lloyds of London, Lloyds had its cri-
sis in the 1990’s when asbestos risk from U.S. asbestos liability al-
most brought Lloyds to its knees, but it went to work with recon-
struction and renewal, reformation, they fixed their underwriting
practices, and now Lloyds is a strong player.

Ten years before that in the 1980’s the great liability crisis when
lawsuits were going up from medical malpractice product’s liability,
and there were voices there saying that this is going to destroy the
industry, but it did not. So, it’s withstood many crises before. It’s
a durable industry. We look at companies that have been around
for 200 years.

Chairman Whitehouse, Providence Mutual, founded in 1800, so
it’s been around for 223 years, Vermont Mutual, early 1800’s. We
mentioned Cologne Reed, 1846, which is now part of Berkshire
Hathaway. So, to be in business for 200 years, to face these kinds
of crises, you’ve got to be doing something right for your customers.

Senator GRASSLEY. Okay. I want to go now to Dr. Curry. Many
risk assessment firms use extreme hypothetical data when evalu-
ating climate risk for commerce. We've heard several, especially
wild figures today. Could you explain how the data from these
models are transformed into these alarming statistics, and what in-



21

centives do companies have in using these apparently flawed
metrics, and how does it affect the public?

Dr. CURRY. Okay. Thank you. Well it’s a challenge to keep up
with all the latest scientific publications. Extreme projections of cli-
mate risk from risk assessment firms are largely driven by focusing
on the extreme and implausible emission scenario, RCP 8.5. These
firms may be unaware that RCP 8.5 is now regarded as implau-
sible.

Mr. Theodorou mentioned a recent publication that predicted an
increase in frequency of extreme atmospheric river events to every
40 years. However, the climate model simulations used in this
paper was driven by the extreme implausible emissions scenario,
RCP 8.5. So, continued use of those extreme implausible emissions
scenario, is misleading both the public and investors about what
kind of extreme events we might expect in the coming decades.

Senator GRASSLEY. Dr. Curry, how have sensationalized emis-
sions scenarios come to dominate the discourse of climate change
risk, and why has it taken so long to realize that these scenarios
are implausible?

Dr. CUurry. Okay. The extreme RCP 8.5 scenario was originally
formulated to provide an upper limit to possible climate outcomes.
RCP 8.5 has been misleading, and referred to as a business as
usual scenario, which it is not. Climate scientists find that the ex-
treme scenario helps understand how the climate system might re-
spond to a big poke.

Scientists working on climate impacts, prefer the extreme sce-
nario, since it gives the most dramatic results. Such research re-
ceives a lot of media attention, and supports a political agenda of
urgently reducing emissions. For the most recent IPCC assessment,
a more advanced approach to developing scenarios was used.

These new scenarios were derived from socioeconomic and tech-
nological trajectories that the world might follow in the 21st Cen-
tury. However, energy economists found it extremely difficult to de-
velop trajectories to achieve the 8.5 forcing without making implau-
sible assumptions, such as increasing coal use by 600 percent.

But by this time, the IPCC had already issued its assignments
to the climate modeling community, with a continued focus on the
extreme 8.5 scenario.

Chairman WHITEHOUSE. Thanks very much. Senator Padilla.

STATEMENT OF SENATOR PADILLA

Senator PADILLA. Thank you Mr. Chairman. I was glad to par-
ticipate in a recent hearing on wildfires to highlight the importance
of investing in climate and disaster mitigation, especially since the
costs pale in comparison to the costs of inaction.

That’s why today we must also consider the importance of these
preventative efforts. This includes the California Wildfire Mitiga-
tion Program, which is the state level partnership with FEMA to
provide grants for home hardening, and other proactive measures.

Not only do these actions protect homes and save lives, but they
also provide confidence to insurers, which can help bring down
costs for families. However, many of these programs require a fed-
eral cost share, which can be difficult for low-income and tribal



22

communities to afford. And we simply cannot afford to further com-
pound the issue by only protecting those who can afford it.

My first question is for Ms. Watkins. Could you discuss the im-
portance of ensuring that the communities of greatest need, great-
est vulnerability often, are able to access these preventative re-
sources, and maybe discuss briefly, whether we should consider
modifying insurance premiums for families who need that flexi-
bility?

Ms. WATKINS. So, just to clarify, you're asking me how to get
communities of greatest need access to federal grants?

Senator PADILLA. How do we address the accessibility, vis-a-vis
affordability concern?

Ms. WATKINS. Thank you for asking. Yes. I believe that the best
way to help the communities—lower income communities espe-
cially, is to give them information first, realistic information of
what they can expect, and then assist them. And that really starts
with the best view of risk possible, and then an understanding of
what are the most effective ways to drive down the risk.

Wildfire is really complicated because it often starts in a place
that’s outside the community, so it’s not under their control. PG&E,
of course, you know, has been associated with many of the igni-
tions. There’s lightning, but it can start in other lands, and then
burn into a community.

So in my work with the Western Fire Chiefs Association, what
I've been told is that our coordination between the Forest Service,
and then inside the communities, and the insurance industry, and
the different areas responsible for fire management is not where it
should be.

So, what I believe they’re saying is that we should prioritize WUI
community fuel mitigation, and then have more resources devoted
to the communities that need the most resources.

Senator PADILLA. Okay. Just because time flies around here.

Ms. WATKINS. Sure.

Senator PADILLA. Same question, to follow-up with you on the af-
fordability concern. There ought to be some flexibility to recognize
the ability to pay in some communities, and some households. You
touched on the dynamic of where fires start. There’s the dynamic
is where fires impact as they grow. I won’t rattle off all the statis-
‘(ciics gf the series of wildfires California has experienced this last

ecade.

Worst on record in a nearly 13 percent of land area California
has burned, et cetera, but needless to say every community has
some level of fire risk. What I'd ask, and I invite all of you to jump
in here, what the crisis that we’ve seen, the wildfires in the west
have meant for access to insurance policies in the west, particularly
for rural communities, or the communities in this, you know, wild
land interface areas.

Mr. THEODOROU. Thank you Senator Padilla for your question.
Other states have made available grants for strengthening, for
hardening homes, for having the roofs such attached so that there
wouldn’t be embers going through the ventilation.

Alabama initiated a program about ten years ago which was cop-
ied recently by Louisiana. And in my written testimony on the
record we do discuss California and Florida. They're offering incen-



23

tives in the form of premium discounts. And to the affordability
question, first the prudence, or the imprudence of building in areas
where you have the urban wild interface, needs to be addressed.

You need to have the standards, such as the IBHS, the Insurance
Institute for Building and Home Safety. Business and Home Safety
that has the specifications, what are the codes to limit wildfire.
And as for the affordability, as with other programs means testing
should be available for those that are indigent, or otherwise can’t
afford the insurance, or the costs of doing the hardening.

Chairman WHITEHOUSE. If you want to go ahead Senator. You
can take another minute. Oh, I'm sorry, Senator Brown is here. I
apologize.

Senator PADILLA. (Off mic). Better modeling with wildfire risk,
and identifying mitigation tools, and other potential solutions.
Thank you Mr. Chair.

Chairman WHITEHOUSE. Thank you very much Senator Padilla.
Senator Braun.

STATEMENT OF SENATOR BRAUN

Senator BRAUN. Thank you Mr. Chairman. This is a complicated
discussion in the sense that there’s so much variability in terms of
what the future does look like. It looks like the science is starting
to zero in on some particularity. In the actuarial business that
you'’re in, it seems like it would be probably one of the hardest top-
ics to get in some type of way that you feel comfortable with what
the future looks like.

I think—I'm a republican that believes that we need to be in the
discussion. I mostly interface with farmers because I've been in-
volved in agriculture, and they think something is afoot. I think
that if it’s as bad as me, it may be forecast to be, and I'd love to
hear your opinion on it because that’s where premiums and risk
management are all going to have to come in, and I think you're
at the forefront of how we finally crystalize, you know, what this
discussion is about in general.

So I would like anyone that wants to weigh in on it. Have you
actuarily gotten your hands around what this is going to look like,
and should this be something that we’re trying to prevent in terms
of mitigation ahead of the calamity? Are you going to just kind of
take each year of further information to do a better job at kind of
making sure that the financial risks are covered with fairer pre-
miums, based upon the magnitude of the underlying risk?

That sounds like a complicated formula to come up with, and I'd
like your honest opinion if you think that you’d be having huge
risks that you couldn’t really cover adequately, and that maybe
some of the solution would be to mitigate ahead of the problem,
since it especially looks like the world is maybe not buying in col-
lectively to do the things that might even be prescriptive.

When I look at the CO2 that’s being put into the air by other
parts of the world, there are only a few countries headed in a place
where it might make sense if in fact the science looks like that’s
where we'’re actually headed. It’s kind of a sprawling question, but
I think it hits the heart of the matter.

Mr. ANDERSEN. So maybe I'll bravely jump into the first part of
that. And the one thing that stuck me that I wanted to add to your
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question is the timing is a real issue for us, for the insurance in-
dustry in that these are decisions that get made, and money that
changes hand, so there’s an immediacy to understanding the cur-
rent risks that a risktaker is assuming.

And so when people talk of climate change, they will talk about
the effects of climate change today, and what does the industry
have to do, and how do they better understand the impacts today
on farms and businesses, or consumers? And then what is the im-
pact over 20, 30, 40, years which gets harder to assess if you are
in our seat.

Senator BRAUN. Well in the short run, where the rubber meets
the road, are premiums covering the amount of risk out there, and
being able to pay the claims in a sustainable way?

Mr. ANDERSEN. So the short answer is no.

Senator BRAUN. And how long has that been the case?

Mr. ANDERSEN. I would say over the last four to five years based
on the losses that have come through the industry, the confidence
of the capital providers that they have a full understanding of the
risks that they are taking has been weakening over time.

And so, this year in particular, was a pretty dramatic repricing
of risk that happened in the reinsurance industry that is now com-
ing through to the insurers, and then ultimately to the consumers.
They don’t trust the models. They don’t quite understand what the
impacts are going to be.

And since these contracts happen today, and they deal with
issues of today, their focus is today, and what are the impacts fi-
nancially. But ultimately they do recognize that they need a truer
sense of risk and the changing nature of it in order to attract the
capital that they need to perform.

Senator BRAUN. Are you spreading that risk over a broader seg-
ment than just the places that seem to have the highest claims?

Mr. ANDERSEN. Absolutely. I mean the whole nature of the busi-
ness is to diversify it across various financial pools of capital over
time as well, so not just location, but time.

Senator BRAUN. So everybody will pay the price, even for some-
thing that might be localized or regional?

Mr. ANDERSEN. Yes.

Senator BRAUN. Anybody else want to weigh in?

Mr. THEODOROU. Senator Braun, to the first part about the dif-
ficulties in pinpointing what will be the amount of the losses and
when, it is difficult indeed because actuarial science is mainly
backward looking. Now we’re talking about a moving target be-
cause the exposure level is changing, and I guess there are models,
as Mr. Andersen mentioned, but it said that all models are wrong,
but some are useful.

So we know that directionally it is getting worse, but we do have
to do something. And to your point on mitigation and resilience,
that’s really where the industry is going because once you do have
better behavior you don’t have buildings on the coasts, and the
flood plains, that will send a signal—a price signal, when there are
losses and the rates go up for people not to build in ways that exac-
erbate the risk.

So you have the positive incentive for product price signals.
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Senator BRAUN. Mr. Chairman, could I have one more brief ques-
tion? So, in the extrapolation of what has been extra normal, it
sounds like, over the last four to five years, and compared to the
past when you just have weather incidents that were more spo-
radic, is the insurance industry now extrapolating based upon a
new model that’s based on what has had some consistency over at
least the last four or five years, or are you still waiting to do that
to where you’d fully price the risk into your premiums?

Mr. THEODOROU. The models are recalibrated on a regular basis,
so the industry is not sitting on outdated models that don’t take
into account what’s happening in California, and in other parts of
the country. So theyre trying to keep up. But it’s like hitting a
moving target because the denominator is changing.

Senator BRAUN. And in the area of the highest claims will this
be priced into those localities in a way that that would cause the
mitigation, maybe not living where whatever the climate impact is
that’s having the greatest effect?

Mr. THEODOROU. It is, because you have many of the national in-
surance companies have separate companies that are focused on a
particular state.

Senator BRAUN. Okay.

Mr. THEODOROU. That’s just Florida, for example, which is prob-
lematic not so much because of catastrophes, but because of mitiga-
tion which has gotten out of control with 86 percent of the nation’s
homeowners insurance litigation, although Florida only has about
7 percent of the nation’s homes, so that’s a separate issue there.

Dr. KEys. I was just going to very briefly add that I think, and
thank you for the question. I think one of the nuances here is that
insurance policies are written on an annual basis. We have mort-
gages that are written on a 30 year basis, and we have home own-
ership decisions, which are written maybe on a lifetime basis, or
even longer passing on a home in a generational way.

And so, we see the insurance markets responding very rapidly
because they’re repricing.

Senator BRAUN. You're the true variable cost in the equation.

Dr. KEys. Exactly. And so they're going to be the ones who are
most flexible in a lot of ways, and that means that these other
markets should be taking a lot of signals from what the insurance
markets are doing.

Senator BRAUN. Ms. Watkins did you have?

Ms. WATKINS. You had asked about modeling, and the insurance
industry is definitely recalibrating their models as Mr. Theodorou
said. They are also building a track forward into the future, looking
at different climate scenarios. And so, they are becoming able to
Fredict this out in the future, but that hasn’t historically been a
ocus.

These models are also being used by long-term investors, and you
know, Fannie Mae just had an article where theyre looking at
these models as well. But to your main point, mitigating ahead of
the calamity I think that was my focus, is finding the money, and
aligning the stars to start reducing the risk, which isn’t tradition-
ally in the purview of others.

Senator BRAUN. Thank you. I think your industry is going to be
on that leading edge of what actually takes an amorphous con-
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versation into something with a few particularities that we can
look to, to guide us in the future. Thank you.

Ms. WATKINS. We'd like to be.

Chairman WHITEHOUSE. Thank you Senator Braun. I will do a
second round, and I guess I'd like to first start by asking the wit-
nesses who are here present in the room, whether any of you en-
dorse the proposition that there is nothing going on here that is out
of the ordinary for climate related risk.

No, no, no, no. Okay. Do any of you doubt that unusual risk is
being caused by emissions from fossil fuel combustion? No, no, no,
no, everybody accepts that that correlation exists, okay. Thanks.
Miss Curry, I've got a few questions for you if you don’t mind.
First, do you recall how many times you've testified before Con-
gress on the subject of climate change?

Dr. CURRY. I'm sorry, I didn’t hear the first part of the question.

Chairman WHITEHOUSE. Do you recall how many times you've
testified before Congress on the subject of climate change?

Dr. CURRY. This would be my 13th time.

Chairman WHITEHOUSE. Thank you. And on those occasions has
your message essentially been that there’s a lot of uncertainty, we
don’t really know what’s driving observed warming, the model is
unreliable, and the IPCC models are not to be trusted?

Dr. CURRY. No. That’s not what I would summarize my state-
ments as.

Chairman WHITEHOUSE. All right. Well let’s revisit one of the
previous times that you testified before Congress. In 2014, before
the Senate Environment and Public Works Committee, and I was
your interlocutor then. I don’t know if you recall that among your
13 episodes of testimony.

But let me prompt you. In your written testimony for that hear-
ing you wrote that several key elements of the IPCC’s Fifth Assess-
ment Report point to your language here, “a weakening of the case
for attributing most of the warming to human influences relative
to the previous assessment.” And to support that, you listed the fol-
lowing assertions.

The first was a lack of warming since 1998, and growing discrep-
ancies between observations and climate model projections. The
second was sea level rise from 1920 to 1950, being of the same
magnitude as 1993 to 2012. And the third was increasing Antarctic
sea ice. Do you recall that?

Dr. CURRY. Yes.

Chairman WHITEHOUSE. Okay. Let’s look at those assertions and
see how they’ve aged. And let’s start with the alleged lack of warm-
ing since 1998. Let me propose first that 1998 was an exceptionally
strong El Nino year, so picking it as a start of end date for a period
builds in an anomaly. Is that correct?

Dr. CURRY. Yes. Do you want me to explain my perspective on
the

Chairman WHITEHOUSE. I'll give you time at the end, but I'd like
to get to my questions to you first if I may. So, is it true that the
last years 2015 to 2022 have been the eighth warmest years on
record? Is that true?

Dr. CURRY. Yes. Yes.
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Chairman WHITEHOUSE. That is true. So is it still your testimony
that there actually is a lack of warming?

Dr. Curry. There is if you read the fine print in my 2014 testi-
mony, my main point was that there was a great deal of natural
internal variability that influences this decadal scale——

Chairman WHITEHOUSE. It was you who used the phrase lack of
warming, and I’'m asking if you would still describe what’s going
on as a lack of warming?

Dr. CURRY. No. We've seen a big super mega El Nino in 2016,
which remains the high point, and since 2016 we haven’t seen
any

Chairman WHITEHOUSE. Lack of warming.

Dr. CURRY. Increases beyond 2016.

Chairman WHITEHOUSE. So let’s go to your next point about mod-
eling discrepancies, that there are growing discrepancies between
observations and climate model predictions. I'd like to show you a
review that was done of models that were run by the IPCC back
in 2004. And for those of you who are not familiar with the graph,
the blue part defines the range of the different models that were
run for the IPCC.

And the black line that runs through the middle of that range
is the mean of those models. And the red goes back and is actually
observed temperature information, so the first two, the blue and
the black are the prediction range and the prediction mean, and
the red is what actually happened.

And it strikes me that it looks like it’s tracked pretty well, so let
me ask you Dr. Curry, is it still your testimony that climate mod-
eling has not proven accurate?

Dr. CUrRrY. Okay. This is the diagram you are showing is a
flawed analysis. Let’s pay attention to what the most recent IPCC
assessment report has to say. They found a number of global cli-
mate models running too hot. In fact they even changed their way
of making projections for the 21st Century that relies less on cli-
mate models.

Chairman WHITEHOUSE. Dr. Curry, doesn’t the blue range imply
that there are some models that ran too hot, but also others that
ran too cold, and that’s why there’s a range?

Dr. CURRY. Yeah. On average. On average.

Chairman WHITEHOUSE. Got it. Thank you. And then the aver-
age is the mean, which is the black line, which tracks extremely
well with the red data.

Dr. CURRY. That particular graph that you have is a flawed anal-
ysis.

Chairman WHITEHOUSE. Okay. Well let me go on. You disagree
with the analysis, I get it.

Dr. CURRY. The assessment report I should say.

Chairman WHITEHOUSE. You talk also that there’s been no in-
crease in sea level rise rate. According to IPCC sea level rise has
more than doubled from the 1901 to 1990 period, to the 1993 to
2015 period, and that since 2015 it has accelerated further beyond
the doubling. Do you dispute those determinations?

Dr. CURRY. The point I made in my 2014 testimony is that there
is a great deal of multi-decadal variability in sea level wise, which
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we saw a sharp increase in the first half of the 20th Century. I'm
not saying that sea level wise isn’t increasing.

Chairman WHITEHOUSE. Okay.

Dr. CURRY. I'm not saying.

Chairman WHITEHOUSE. Are you saying that this rate of seal
level rise is not increasing? Or do you consider that both seal level
rise is increasing, and the rate of seal level rise is also increasing?

Dr. CURRY. It depends on the time scale you look at, and the
causes that you attribute to it. It’s yes it has been——

Chairman WHITEHOUSE. I’'m talking the history of the industrial
revolution, the period in which emissions have begun to have an
effect. I'm not talking about paleo history.

Dr. CURRY. Okay. Sea level rise, the modern sea level rise start-
ed increasing in about the mid-19th Century. This is coming out of
the little ice age, and at that point had little to do with fossil fueled
warming.

Chairman WHITEHOUSE. Is that still the case today, or does it
now have to do with fossil fuel warming?

Dr. CURRY. Fossil fuel warming is certainly contributing to the
slow creep of sea level rise. I've never questioned that.

Chairman WHITEHOUSE. Okay. And you say it’s a slow creep, but
it’s also an accelerating upward rise is it not?

Dr. CURRY. The how to infer acceleration in sea level rise is dis-
puted among experts.

Chairman WHITEHOUSE. Okay. You've accused the IPCC of cor-
ruption. Do you stand by that term?

Dr. CURRY. The IPCC is a highly politicized organization. The re-
cent synthesis and assessment report for the Sixth Assessment
that was just released this week, I mean that is a very highly po-
liticized.

Chairman WHITEHOUSE. Do you stand by the very use of the
term corruption regarding the IPCC?

Dr. CURRY. It has to be qualified as a highly politicized organiza-
tion.

Chairman WHITEHOUSE. How about the IPCC’s definition of an-
thropogenic climate change being a hoax? Do you stand by that
term?

Dr. CURRY. I've never used—I’'ve never used those words.

Chairman WHITEHOUSE. Okay. let me take you into the—I'm ac-
tually reading off a blog. “With these definitions in mind, here are
two examples that qualify as hoaxes that I've previously written
about. The UNFCCC definition of climate change arguably quali-
fies as a hoax.” So I refer you to that, and with unanimous consent
we’ll make that a part of the record.8

Dr. CURRY. Do you want me to clarify that statement?

Chairman WHITEHOUSE. I think it needs a lot of clarification in-
deed. And I'll let you clarify it for the record. Okay. We have a—
you’ll have all the time in the world to write whatever you want,
and add that in a response to the record. So let’s look for a moment
at the other models if the IPCC is potentially corrupt, and if it’s
definition as hoax. Exxon——

8 Document submitted by Chairman Whitehouse appears in the appendix on page 209.
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Dr. Curry. The IPCC—can I clarify before we go much further?
The IPCC—the UN framework convention on climate change now
defines climate change to be only human caused climate change.
The definition does not include natural climate variability, and this
flies in the face of all the understanding of geology, of atmospheric
science, and all the other scientific fields.

It’s a political definition.

Chairman WHITEHOUSE. Fair enough. And if you want to expand
on that you're welcome to do so in your response for the record. But
let me take my time here and show you the graph that Exxon sci-
entists developed to model climate change, both CO2 concentration,
and observed temperature change.

And for those of you not familiar with the graph, the original
black lines are the ones that are developed by the Exxon scientists.
The blue line is the actual measurements, and the red line is the
actual measurements. The blue being CO2 concentration, and the
red being observed temperature.

Do you concede that Exxon’s models prove to be pretty accurate
just like the IPCC models?

Dr. CURRY. No. That model is a toy model that Exxon used,
and

Chairman WHITEHOUSE. All right.

Dr. CUrry. It’s a useful contribution to the dialogue.

Chairman WHITEHOUSE. In 1968 the American Petroleum Insti-
tute commissioned a report on climate change from scientists at
Stanford. And those scientists concluded, I'll read from the report
language here, “Significant temperature changes are almost certain
to occur by the year 2000, and these could bring about climate
change.

If the earth’s temperature increases significantly, a number of
events might be expected to occur, including the melting of the
Antarctic ice cap, a rise in sea levels, warming of the oceans. It is
clear that we are unsure as to what our long lived pollutants are
doing to our environment, however there seems to be no doubt that
the potential damage to our environment could be severe.”

Do you doubt the scientists hired by the American Petroleum In-
stitute, or their statement?

Dr. CURRY. Our knowledge of climate change was in its infancy
in the 1960’s. The first assessment report by the IPCC published
in 1990 or 1991, found that there was no evidence of human cause
warming beyond natural climate variability at the time of the early
1990’s.

Chairman WHITEHOUSE. So the API scientists got it wrong too
when they presented that conclusion?

Dr. CURRY. No. They had a weakly justified argument, and a
weak knowledge base at the time.

Chairman WHITEHOUSE. And events have proven them wrong in
some fashion do you believe?

Dr. CURRY. It’s not something that’s useful. So it’s not something
that’s useful.

Chairman WHITEHOUSE. Okay.

Dr. CUrryY. To consider at this point.

Chairman WHITEHOUSE. So the other thing you cited was in-
creasing Antarctic sea ice. And the last eight years have seen below
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average summer minimum ice for the Antarctic, with this year
being a record low. Do you still stand by the proposition that Ant-
arctic seal ice is increasing?

Dr. CURRY. There’s a great deal of interannual and decadal scale
variability. The IPCC does not make any assessment that human
caused warming is contributing with confidence to a change in the
Antarctic sea ice beyond natural climate variability.

Chairman WHITEHOUSE. But do you think that the Antarctic sea
ice was increasing, just as a measurement. Is that still correct?

Dr. CURRY. There’s like I said, there’s a great deal of year to year
and decadal variability in the Antarctic sea ice, which is what I
was commenting on.

Chairman WHITEHOUSE. Okay. Let me refer you back to an arti-
cle that you wrote in the Washington Post in 2007, and T'll read
your words then. “If the risk is great, then it may be worth acting
against, even if its probability is small. Think of risk as a product
of consequences and likelihood. What can happen, and the odds of
it happening. A 10 degree rise in global temperatures by 2100 is
not likely, the panel gives it a 3 percent probability.

Such low probability high impact risks are routinely factored into
analysis, and management strategy.” And I'll interrupt your quote
to say probably by the kind of folks who are here sitting in the
room with me today, the experts and the executives of major risk
bearing enterprises.

“Whether on Wall Street, or at the Pentagon,” you continue. “The
rationale for reducing emissions of cardon dioxide is to reduce the
risk of the possibility of catastrophic outcomes, making the transi-
tion to cleaner fuels has the added benefit of reducing the impact
on public health and ecosystems, and improving energy security,
providing benefits even if the risk is eventually reduced.

I have yet to see any option that is worse than ignoring the risk
of global warming and doing nothing.” Has your view changed
since that 2007 article?

Dr. CURRY. My notions of risk for naive circa 2007, in the inter-
vening time I have educated myself very substantially in risk
sciences. And I have a book in press entitled Climate Uncertainty
and Risks that has been extensively reviewed, peer reviewed, by an
academic press.

And that book outlines my current understanding of how we
should think about climate risk. Some of my understanding I was
able to include in my written testimony submitted to this Com-
mittee.

Chairman WHITEHOUSE. In 2014, I asked you if you thought
there was real risk from climate change, and should we figure out
how to deal with it, and you replied, “We may decide to do nothing
and see what happens.” Do you still recommend that strategy?

Dr. CURRY. I never—I didn’t recommend that strategy. I said
that is an option.

Chairman WHITEHOUSE. Do you still consider it to be a realistic
or plausible or prudent option?

Dr. CURRY. I think we should actively work to adapt to extreme
weather events and sea level rise. I think we should—I think we
need new energy infrastructure for the 21st Century, with more
abundant, cleaner, more reliable energy.
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Chairman WHITEHOUSE. And in your testimony here today you
suggest that one of the things that can save us from climate
change, and reduce the risk is volcano eruptions. Is that correct?

Dr. Curry. No. I'm saying that climate models do not include se-
vere—simulations for the 21st Century do not include scenarios of
extreme explosive volcanic eruptions, such as occurred in the early
19th Century. If those were to occur, we could see a half a degree
Centigrade cooling over several decades.

The point of that is to emphasize that natural climate variability
can be very substantial, and this isn’t properly taking into account
in our considerations of how the climate might play out in the 21st
Century. That’s the point that I'm making.

Chairman WHITEHOUSE. Let me close out with a question for the
witnesses who are here in the room. And that is to offer your view
on the diligence, integrity and reliability of the modeling that you
count on in doing your planning and projections. Starting, I guess,
with Mr. Andersen, we’ll go across the four of you and conclude the
hearing.

Mr. ANDERSEN. That’s a great question. I would say one of the
special things about the models that the insurance industry uses
is that it actually money changes hands over the interpretation of
those models. So the confidence around them, and the need for
those models to be as up to date and insightful is critical.

Chairman WHITEHOUSE. It’s a powerful incentive to get it right.

Mr. ANDERSEN. To get it right. So, I think it’s a, you know, as
I think Mr. Theodorou said, it is something that we are continuing
to work on as new information becomes available because it has—
it moves markets, and so it’s critical that we continue to improve
it.

Chairman WHITEHOUSE. Ms. Watkins?

Ms. WATKINS. The risks that we’re modeling are complicated,
and so the models need to be complicated to be useful. They don’t
agree. They do evolve. The question is can they be used safely and
appropriately, and that does require expertise, and I think that up-
ping the level of expertise in terms of risk aware, climate aware
pllanning, is going to help an awful lot in demystifying these mod-
els.

Chairman WHITEHOUSE. But you count on the models and they’re
valuable to use in doing the planning and the work that you do.

Ms. WATKINS. They're definitely a state of the art for actuaries
in getting the risk accurately priced and evaluated, and that’s what
we do.

Chairman WHITEHOUSE. Yeah. And one of the reasons that this
is a difficult enterprise is because things are in fact changing, is
that not the problem.

Ms. WATKINS. That’s right. But we are trying to use the models
to evaluate what the changes are and what that means for the po-
tential outcomes.

Chairman WHITEHOUSE. Dr. Keys?

Dr. Keys. Thank you for the question Senator. The data that we
use as researchers often comes from the government, and we'’re es-
pecially thankful for the scientists at NOAA, and elsewhere who
make their data available, and make regular improvements to their
data. So they’re doing outstanding work.
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I think there is room for improvement in terms of sharing data
between the private sector and the public sector, and under-
standing what the difference is, or discrepancies might be between
the different models. I think there’s also a role for the democratiza-
tion of this data to make it more accessible to households, so that
they can better understand the risks they face.

I think one of the asymmetries is that the insurance markets
often know a lot more about the risks than the households or the
businesses do.

Chairman WHITEHOUSE. Mr. Theodorou, reliability of models?

Mr. THEODOROU. Thank you Chairman Whitehouse for the ques-
tion. The modeling industry has really advanced by leaps and
bounds since it was essentially borne in 1992 in the wake of Hurri-
cane Andrew. And since that time there have been three main
models that are used and licensed by risk practitioners.

Typically, large insurers and reinsures use all three, and they
may have their own proprietary as a fourth model, which has now
entered the fray.

Chairman WHITEHOUSE. And Mr. Andersen is correct that a lot
of money rides on getting it right, in addition to potential fiduciary
reliability if you really blow it. Correct?

Mr. THEODOROU. Yeah. Licensing in the models is not an inex-
pensive proposition. So, as I said earlier, they’re not capable of get-
ting a point estimate exactly, how much loss are we going to have
at this particular time, but directionally is what we look at to give
the headlights into where we’re going.

Chairman WHITEHOUSE. I love hearing you use the word head-
lights. That’s my phrase. I say science is the headlights that drives
us forward, and let’s us see what’s coming. And with that let me
call the hearing to an end. I thank you all for your testimony. I
want to state that questions for the record from colleagues are due
by noon tomorrow.

And we ask the witnesses to respond to any questions that they
may receive within 7 days of receipt. And in addition to responding
to any questions received by or for Professor Curry, the opportunity
to elaborate on her answers to my questioning in any way that she
sees fit, so she feels she’s had a full and fair chance to respond.

And with that the hearing is concluded. Thank you.

[Whereupon, at 11:51 a.m., Wednesday, March 22, 2023, the
hearing was adjourned.]
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Opening Statement of Chairman Sheldon Whitehouse
Senate Committee on the Budget
“Risky Business: How Climate Change is Changing Insurance Markets”
March 22, 2023

Ranking Member Grassley, colleagues,

We are here today for the fourth Committee hearing examining the budgetary perils associated
with climate change. Today, we focus on the danger to the National Flood Insurance Program
and private insurers, and on the impact that climate-related natural disasters will have on
insurance markets. As we’ve heard already, and will hear again today, climate disruptions upset
insurance markets, which in turn upsets mortgage and housing markets. As we have heard, and
will hear again, sea level rise and wildfire risk can upset property markets so profoundly as to
cause systemic economic damage across the whole economy, similar to what we lived through in
2008. You won’t have to have property in flood zones or wildfire country to feel the pain.

I hear colleagues’ say that the true long-term budget crisis affecting our country is debt and
deficits. Let’s have that conversation. The President’s budget would reduce deficits by almost $3
trillion, while adding at least 25 years of solvency to the Medicare trust fund. House
Republicans want to add $3 trillion to the debt, by extending the Trump tax cuts for the rich.
Let’s have that debate.

But let’s not pretend that economic shocks don’t affect the budget. The 2008 mortgage
meltdown added $5 trillion to the national debt, primarily due to decreased revenues. Covid
added another $5 trillion. In both crises we were warned, failed to act in time to head them off,
and were engulfed. Today, those trillions of added ‘shock debt” amount to 40 percent of our
total national debt.

And let’s not pretend that global climate disruption won’t create economic shocks. Warnings
abound of what rising seas, droughts, floods, and wildfires will do to American families and
businesses, and to our economy. This is the point: if you’re serious about debt and deficits, you
have to be serious about climate change.

The Intergovernmental Panel on Climate Change, the scientists charged with synthesizing the
latest science on climate change, a group cited favorably by previous Republican witnesses here,
released its latest report Monday, warning of severe risks to agriculture, infrastructure, public
health, and coastal and flood-prone communities. The report states:

“Climate change is a threat to human well-being and planetary health. There is a rapidly closing
window of opportunity to secure a livable and sustainable future for all. [...] The choices and
actions implemented in this decade will have impacts now and for thousands of years.”

That’s a pretty clear warning — impacts for thousands of years. For our children’s children’s
children’s children’s children’s children, and on and on into the future. Iask you: why are we
here, if not to try and leave our nation and our planet better off for future generations? We have
the chance now to bend the arc of history — of geophysical history, of economic history, of
national security history — towards a more livable, prosperous future for generations.
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The Economic Report of the President also came out Monday. Just like we’ve heard in these
hearings, it warns that climate change threatens volatile and cascading economic instability.
Here’s a relevant part:

“Certain financial instruments — such as insurance contracts ... and mortgages — that directly or
indirectly price weather-related risks are ... highly exposed to climate change. Rapid changes in
asset prices or reassessments of the risks in response to a shifting climate could produce
volatility and cascading instability in financial markets ... [P]roperty insurance against
catastrophic natural hazards is at the forefront of climate change risk exposure and is already
showing signs of strain....”

These latest reports echo statements made by the Treasury Secretary earlier this month. She
declared:

“[C]limate change will likely become a source of shocks to the financial system in the coming
years. As climate change intensifies, natural disasters and warming temperatures can lead to
declines in asset values that could cascade through the financial system. And a delayed and
disorderly transition to a net-zero economy can lead to shocks to the financial system as well.
[...I]n response to rising insured losses, some insurers are raising rates or even pulling back from
high-risk areas. This has potentially devastating consequences for homeowners and their
property values. Developments like these can spill over to other parts of our interconnected
financial system.”

I know there are powerful interests that don’t want these hearings to happen, that want to change
the subject, that want you to ignore the warnings from scientists, from economists, from financial
institutions, from government. Those powerful polluter interests want you to listen instead to
their noise and nonsense — the denial, the delay, the obstruction, the obfuscation — that for far too
long has halted a bipartisan defense against the climate threat. It’s time to choose. What we do
here now will not just have impacts for thousands of years, it will be remembered for thousands
of years. We might do well to consider how we would like to be remembered, because that
moment of choice is upon us.



35

Prepared Statement by U.S. Senator Chuck Grassley (R-Iowa)
Ranking Member, Senate Budget Committee
Hearing titled “Risky Business: How Climate Change is Changing Insurance Markets
Wednesday, March 22,2023
VIDEO

The audience for today’s hearing on private insurance is different than last week’s hearing on the President’s 2024
Budget. As such, [ would like to recap what we heard last week at our first, and only, budget centric hearing this
Congress.

‘What we received from President Biden was a budget that continues this country on a destructive path of deficits

and debt.

The budget doubles down on the reckless tax and spending binge of the administration’s first two years in power. It
calls for nearly $5 trillion in new taxes that will kill jobs and punish hardworking Americans. And, despite all the lip
service, it does not extend the tax relief Provided to Americans maki.ng under $400,000 under the Tax Cuts and

Jobs Act. So, it increases taxes on just about everybody.

This is a breach of the President’s pledge not to raise taxes on the middle-class. Not surprising for an administration
that routinely breaks its promises, as well as the law.

We saw Democrats try to justify tax increases by pointing out that the last time we had a budget surplus, revenues
were about 19 percent of gross domestic product.

Well that means outlays were less—at about 18 percent. Does the Democrat Majority want that outcome? The
administration surely doesn’t, as spending in their budget will surpass 25 percent of the economy in 10 years.
Outside of World War Il and the pandemic, that would be the highest spending level on record.

Last week before this committee, the OMB Director repeated the fallacy that the President’s policies have led to
deficit reduction. Only in Washington could you claim savings from not continuing temporary emergency COVID
spending. It would be laughable if it wasn’t so disingenuous.

We saw continued demagoguery from the Administration on the issue of major trust fund programs. This
Administration has no plan whatsoever to shore up Social Security for future generations. Instead, they paint
Republicans as boogeymen for wanting to prevent automatic cuts that'll surely occur absent action by the President
and Congress. Where is the President’s plan to protect seniors?

The Democrats have made their message loud and clear. They don’t care about the fiscal problems facing us now.
The)‘ don’t have a Plan to deal with inflation, even though their bills substantially increased inflation, and that’s
according to CBO.

From lowa to Rhode Island, our constituents collectively believe that our exploding national debt is a major issue
facing America.

The last two climate hearings held by the Budget Committee touched on the impacts of sea level rise, hurricanes,
and wildfires. We’ve heard from witnesses discussing costs due to these climate and weather events. We’ve heard
the reasons we're seeing increased costs. Climate change is important, but it’s not the main driver.
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Short of the need for better federal forest management, states, towns, and individuals can take care of most of their
own challenges through smarter land use and development practices.

While this committee is the Budget Committee, this hearing is not focused on the public federal budget.

It targets the private insurance and reinsurance industries with speculative scenarios in an effort to raise alarm. My
democratic co]leagues want you to believe that insurance and reinsurance companies are in dire straits due to
climate change. And, that insurance will become unavailable and unaffordable. Well, that’s not necessarily the case
and we'll hear from witnesses dispelling those extreme models.

From hurricanes to wildfires, the insurance and reinsurance markets have shown to be resilient.

Rather than relying on federal intervention in the insurance markets or pushing more costs onto taxpayers, we
should encourage more solutions from the private sector.

Thank you, Mr. Chairman.
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Good morning, | am Eric Andersen, President of Aon and a 30-year
veteran of the insurance industry. On behalf of my 50,000 colleagues at
Aon, | would like to thank Chairman Whitehouse, Ranking Member
Grassley, and each member of the committee for the opportunity to
testify on the role that insurance can play in mitigating climate risk.

Climate risk is a global, systemic risk and the insurance industry is a
bridge between public risks and private capital. At its core, our business
is about creating resilience to both protect the assets of today and
foster the growth of tomorrow. We do this by spreading the impact of
risk across a wide community of financial participants across time to
help people and businesses withstand volatility; to have the resources
and confidence to invest, and to protect and rebuild when necessary.

We believe that properly managing climate risk not only protects against
the downside, but can also be a catalyst for growth. Through public-
private partnerships with the government, Aon and others in our
industry have helped the US and other economies weather the volatility
created by every conceivable crisis from the Great Recession to the
terrorist attacks of 9/11.

In each of those events, we got to witness up close the displacement
and what it does to people, what it does to businesses, to communities
especially those that are not prepared or don’t have the right protection
in place. In a time of increasing volatility, the ability to innovate: to
leverage private market capital by protecting the investments will allow
our economy in cooperation with the government, to leverage the power
of the private market to mitigate the impact of volatility on economies
and communities.
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Anyone who cites the difficulty of placing risks for either traditional
energy sources or new green technology should recall what US
mortgage risk felt like in 2010 in the wake of the financial crisis. The
insurance industry, led by Aon, developed a new risk transfer product
that took risks from Fannie and Freddie and transferred them to the
reinsurance markets. Ten years later, this public private partnership
exceeds $40 billion and the models and discipline allowed - maybe
even facilitated - an orderly transition of the secondary mortgage
market that carries through to today.

Just as the the US economy was overexposed to mortgage risk in 2008,
the economy today is over exposed to climate risk. To solve this, we
have two choices: we can shrink the amount of carbon emitted by
shrinking the amount of economic activity - we can make less steel,
build fewer buildings, travel fewer places - or we can make new
markets. Obviously the first choice is no choice at all, so how do we
mitigate the risk of investing in a technology with no track record?

Capital will not go where it is not protected, nor will it go where it cannot
expect a return, regardless of either the moral imperative, the political
demands or the communal self-interest. This is why public-private
partnerships are so important.

There are examples of how these partnerships work.

In 2021 the World Bank, Aon and USAID teamed up to mitigate
hurricane risk in Jamaica through catastrophic coverage. The bonds will
deliver $185 million in immediate liquidity post event insuring not only
humanitarian relief in the case of a windstorm but facilitating immediate
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economic investment pre-event based on the certainty of funds to
assure infrastructure and property rebuild.

Currently we are pioneering the first “employee resilience bond” for a
large employer in a developing, climate volatile country to procure a
bond to provide cash assistance directly to employees in the event of a
disaster to meet recovery needs.

This also requires recognition that many of the most innovative
investments in green technology are being made from the balance
sheets of clients in the traditional energy space. Companies like those in
agriculture, construction and extraction recognize the need for
transition to a lower carbon economy. Thus, while Aon is committed to
the transition to a lower carbon economy, it is critical in the short term
that we continue to support carbon intensive businesses to guard
against a void in power generation and the innovations that these
companies bring to the fight.

Overview

On January 25, 2023, Aon published the “2023 Weather, Climate and
Catastrophe Industry Report” (below for the record). As evidenced by
our report, the insurance industry is data-driven, which gives us a
unique capability to identify challenges and propose innovative
solutions, many of which involve partnership between the public and
private sectors. Data shows that 2022 was the fifth costliest year on
record for insurers. More than $55 billion of the total global insured loss
in 2022 resulted from just one storm, Hurricane lan in Florida, the
second costliest natural catastrophe in history for the insurance
industry. lan is surpassed only by Hurricane Katrina in 2005, with $100
billion paid in claims from the insurance industry. These are just the
financial costs. More than 31,300 people lost their lives due to global
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natural catastrophe events in 2022. Globally, the total number of
catastrophe-related fatalities has remained below average for 12 years
in a row; however, more than 19,000 of the fatalities were heat-related
deaths in Europe alone.

Further findings of the report include:

e 421 notable natural disaster events were recorded in 2022, higher
than the 21st century average of 396.

e 75 percent of global insured losses were recorded in the United
States, which was higher than the average of 60 percent.

e Windstorm Eunice was the costliest individual European
windstorm since 2010, with $3.4 billion in insured losses.

e Widespread hailstorms in France contributed to the country’s
second-highest natural disaster payouts of €6.9 billion ($7.4
billion).

e Droughts and heatwaves severely impacted Europe, the United
States, China and other regions and global insurance payouts for
drought were the second highest on record, at $12.6 billion.

e Both severe drought conditions and a prolonged rainy season in
different regions of Latin America reduced agricultural crop yield
across the region.

Aon’s role continues to be working with our clients - insureds and
insurers, alike - to help build physical resilience, accelerate solutions to
market, and de-risk climate-related investments by connecting capital
to opportunities.

Recent years have seen weather events drive up claim’s costs for
businesses, communities, and governments — increasing the need for
real-time catastrophe monitoring, instant response, and rapid
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assessment of damage. Speed is critical. For communities, it's about
determining a safe and effective escape route from a storm.
Governments need to ensure the continuation of essential services. For
insurance companies, it's about knowing where to send experts to
survey the damage and deliver claims payments to help customers
quickly repair or rebuild.

Forecasting

To better inform insurers and organizations about climate exposure as
soon as possible, Aon’s Impact Forecasting team developed Automated
Event Response (AER). AER has a global footprint that covers
everything from windstorms in Europe to North Atlantic hurricanes to
typhoons in Japan. AER uses windstorm or tropical cyclone forecasts
from different meteorological institutions together with catastrophe
models, which are overlaid on an insurer’s portfolio data to produce
automatic predictions of loss each time new forecast data are issued.

Customized reports are sent to insurers automatically within 30 to 60
minutes of a forecast to help quantify the potential geographic scope,
severity, and projected cost of the event — even before the storm
makes landfall. Insurers are then better equipped to make more
decisions about managing claims adjuster resources, setting loss
expectations, and evaluating impacts to reinsurance structures.

AER allows businesses to protect and prepare their physical locations
and staff. Consider a retailer with thousands of locations across a region
that receives updated forecasts multiple times per day as a hurricane
makes landfall. The business can gauge which locations are likely to be
hardest hit and how severely, while taking steps to ensure the safety of
employees and the site location’s security. That knowledge allows
companies to prepare early — often quickening claims processing.
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Sophisticated and instant response methods are equally important for
assessing damage after the event. Satellite imagery and drones are
increasingly used to immediately assess damage, particularly in hard-to-
reach areas. For example, within 48 hours after an event, Aon’s
property claims teams fly drones in impacted areas, then immediately
send the footage to clients to measure their damage. Real-time footage
helps expedite the payment of claims and increases claims assessment
accuracy.

Impact on Workforce

As organizations focus on developing a resilient and agile workforce,
they also are considering how a changing climate affects health and
how that shapes their goals.

This can mean:

e Enhancing plans to help their workforce contend with changing
health and safety conditions

e Limiting outdoor work during unsafe conditions

e Developing contingency plans for locations not traditionally
considered prone to certain natural disasters, but which are now
susceptible

e Ensuring health care access for vulnerable populations.

Together, risk, health, and human capital stakeholders can develop
innovative ways to help companies protect their people after natural
disasters. Recently, Aon worked with a large technology firm in the U.S.
to adapt the trigger for a catastrophe bond (an earthquake, in this case).
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Instead of only paying a claim to rebuild the physical office, it now will
allocate a one-time payment to the firm’s employees to help them
through a disruption to their lives due to the earthquake. The
catastrophe bond was created 20 years ago to address the loss of
physical assets, but now can help people as well.

Reinsurance

Reacting to six years of low returns, high catastrophe losses, and
investor pressure, pricing for U.S. property catastrophe and global
property retrocessional business hit multi-decade highs on January 1,
2022. Aon estimates that global reinsurer capital declined by 17
percent, or $115 billion, to $560 billion during the first nine months of
2022. Reinsurers are raising prices, limiting coverage, and even exiting
some markets to improve returns. New capital formation is currently
limited, reflecting significant uncertainties in what has become a very
challenging risk environment. Investors are particularly concerned about
the impact of climate change and inflation, but there are expectations
that the prospect of higher returns will drive new allocations going
forward, particularly as the benefit of higher pricing and interest rates
becomes visible in earnings.

Recommendations

Carbon reduction has become a near universal goal shared across
industries and governments and Aon supports and participates in
commitments to reduce emissions. In addition, there are things that
Congress should consider, which could make a positive impact on
preparedness and resilience.
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e Credit risk transfer - Congress should support programs that
facilitate the transfer of credit, guarantee, and insurance risk to
the private sector and away from taxpayers.

e Budget insurance - Congress should work with FEMA to ensure
that states have the certainty they need to buy budget insurance
to protect rainy-day funds used to make residents whole after
natural disasters.

Conclusion

Climate risk poses substantial challenges to insureds and insurers alike.
While insurance is based on the principle of diversifying risk, in many
cases, insurance risk management becomes more challenging as events
become more interconnected across lines of business, geographic
regions, and perils.

Aon is oriented around the philosophy that big problems need to be
solved by collaboration and this has been exactly that, with
humanitarian, private, and public sectors partnering to prove that
solutions can be found together. Insurance exists to protect that which
we cannot afford to lose. And we have a lot to protect.
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Prepared Testimony of Nancy Watkins, FCAS, MAAA
Principal and Consulting Actuary, Milliman Inc.

Hearing on “Risky Business: How Climate Change is Changing Insurance Markets”
United States Senate Committee on the Budget
March 22, 2023

Thank you, Chairman Whitehouse, Ranking Member Grassley and members of this Committee
forinviting me here today.

My name is Nancy Watkins, and | am an actuary and a principal with Milliman, an independent
consulting firm. | serve as an experton catastrophe risk for insurers, real estate industry
groups, and state and federalgovernment agencies. | also volunteer to promote insurance
availability and affordability alongside the National Association of Insurance Commissioners,
Western Fire Chiefs Association, and the United Nations.

Let’s talk about homeowners’ insurance and how climate change is impacting it.

First: Climate change is not a problem of the distant future;it’s already here.

Across the country, we have insurance protection gaps and crises exacerbated by climate
change:

e Flood risk in the U.S.is already very high, increasing rapidly and unsustainable once you
factor in sea level rise. The National Oceanic and Atmospheric Administration (NOAA)
reports that about 80% of the East and Gulf Coasts are seeing more high-tide flood
days,? and that this spring about 44% of the U.S. is at risk for flooding.2 Most flood risk is
not covered by the private market; only 4% of U.S. homeowners have flood insurance
today, largely through the government-run National Flood Insurance Program (NFIP).3

e Unprecedented wildfires have driven insurers to shed high-risk policies in Western
states like California, Oregon, and Colorado. In California, homeowners’ insurers lost
$20 billion in 2017 and 2018 due to wildfire, wiping out two times the cumulative profits
earned over the prior 26 years.*

e Since 2020, Louisiana has been hit by multiple hurricanes, tropical storms, tornadoes
and excessive rainfall events. After 20 companies folded or exited the state, more than
100,000 policyholders are now in the state-run insurer of last resort.>

* https://coast.noaa. gov/states/fast-facts/recurrent-tidal-flooding. html

2 https://www.noaa.gov, news-release/spring-out]ook-caIifornia-drought-cut-by-ha\f-with-more-relief-to-come

? https://www. milliman.com/en/insight/unpriced-costs-of-flooding-an-emer gingrisk-for-homeowners-and-lenders

* https://us. milliman.com/en/insight/wildfir e -catastr ophe-models-could-spar k-the-changes-califor nia-needs

s https://www. wwltv.com/article/news/investigations/david-hammer/louisianas-insur ance-crisis-what-can-fix-it/289-a9fe2f3c-8 70 1-4f75-959f-
6ec7b5e7f380
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Insurance market withdrawals can cause ripple effectsthat endangerentire communities and
create a downward spiral that’s difficult to emerge from.® This could happen gradually, butit’s
possible for weakened markets to collapse quickly through a crisis of confidence triggered by
one event.

Second: A broken insurance market is not the problem; it's a symptom of a larger problem —
too much risk for the market to bear.

The risks associated with climate change and catastrophes are owned by homeownersand the
community, not the insurance industry. Much of that risk can potentially be transferred to
insurers if there is a sustainable private market, which rests on three pillars: availability,
affordability and reliability.

Climate change is interacting in new ways with other inherent risks, causing cracks in all three
of those pillars. The policy actions intended to help can actually backfire and accelerate the
collapse of the insurance market. This generally happens because these actions don’t address
the underlying problem — that the risk is too high.

Often, this occurs whenland use policies and building codes don’t keep up with risk, resulting in
a mismatch between actual vs. perceived risk by homeowners. Because we aren’t all actuaries,
one way to effectively communicate the actual risk to consumers is to build the true cost of risk
into insurance pricing.

Risk-based pricing drives behavior. If you can buy low-cost insurance or aren’t even required to
insure your home against flooding, you expectthis to be a safe place to live. If you can’t get
affordable insurance, you may act to mitigate the home’s risk, or you may decide it is too risky
to live there at all.

The obvious downside is that premiums may be unaffordable for some homeowners. The
governmentcould decide that it is good policy to subsidize premiums, with the costs ultimately
borne by others —generally, current and future policyholders or taxpayers who live in lower-risk
areas, oftenin other states. To reduce premiums and the cost of subsidization, the only
effective action we can take is to drive down the risk.

Third: The cost of driving down climate risk is much lower than the cost of inaction.

The choice to ighore climate risk and manage from crisis to crisis puts more families in harm’s
way, with low-income communities likely to be hit the hardest and sufferthe most.” Failure to

® For more information on the effects of climate change onthe housing and financial markets, see
https://www.mba.org/docs/default-source/research-—riha-reports/24981 -riha-climate-change-volume-2.pdf?sfvrsn=3dfOb2ea 1 and
https://www.milliman.com/en/insight/unpriced -costs-of-flooding-an-emerging-risk-for-homeowners-and-lenders

For more on the impact of climate change at the community level, including climate displacement or gentrification, see
https://www.milliman.com/en/insight/climate -displace ment-in-nyc-making-space-for-our-neighbors and
https://www.miliman.com/en/insight/climate -gentrification-and-the-role-of-flood-insurance
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act early reduces the number of options available and drives up the costs of reaction at various
governmentlevels.

To avoid this we need to work collectively to bend down the risk curve. We need betterdata,
bettermodeling, higher prioritization of mitigation vs. disaster response, better stakeholder
coordination, and resource assistance to those areas most in need. The soonerour society
chooses to face the risks associated with climate change, the more options we will have to drive
down these risks, and the lower the cost will be.

Climate risks are complex and difficult to understand. The actuarial community is leveraging
science and technology and working with other experts to measure these risks and
communicate them to important stakeholders like this Committee. We aim to give you the best

information available, so that you can make informed decisions.

Thank you.
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Chairman Whitchouse, Ranking Member Grassley, and Members of the Committee: Thank you for inviting me to
address how climate change is affecting insurance markets. My name is Ben Keys and I am an economist and Pro-
fessor of Real Estate and Finance at the University of Pennsylvania’s Wharton School. My research agenda examines
how houscholds interact with the financial system, and how the financial system manages risk.

In my remarks today, I would like to put a broader economic lens on issues in property insurance markets, empha-
sizing the effects on household well-being.

First, rising insurance costs are having a direct effect on households™ pocketbooks. Across the country, average
homeowners” insurance premiuns rose by 40 percent from 2010 to 2019, the most recent data available.! In addition,
private insurers are exiting certain markets, pushing households into public “insurers of last resort”” The number of
enrollees in these state-backed FAIR insurance plans rose by 29 percent between 2018 and 2021.2 With rising climate-
related risks, and the rising cost of reinsurance, insurers will continue to increase premiuns and exit markets, leaving
homeowners with fewer choices, less protection, and more financial distress.

Family budgeting is difficult as it is. And as homeowners’ insurance premiums can change every year, it is nearly
impossible for houscholds to accurately budget for increasing climate risk. Tor instance, this January, Louisiana Cit-
izens increased its property insurance rates by 63 percent.’ Costs are also rising in the National Flood Insurance
Program. In the first year of the Risk Rating 2.0 reform, 75 percent of primary residences experienced an increased
premiom of 18 percent, the statutory limit. Half of alt NFIP policyholders will see their premiums more than double
after 5 years.*. Sadly, these increases wifl lead many households to choose to go without insurance.

Rising insurance costs directly affect housing markets. Every additional dollar of premiums decreases the demand
for a home, affecting the amount its owners can expect to receive when they sell. In more dire sifuations where home-
owners cannot find insurance, lenders will not be willing to accept uninsured homes as collateral.

‘These concerns are not merely theoretical. Economic research shows that higher flood insurance premiams lower
home prices and make it harder to get a mortgage.” My own research shows that the threat of future sea level rise
lowers home prices today, as buyers don’t want to be left with an uninsurable home down the road. In short, home
prices have already started reacting to clitnate risk — even as we've realized only a fraction of the higher premiums

Hnsurance fnformation Institute (2022}
Ynsurance Information Institute (2022
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and sea level rise expected in the coming decades.’

I want to briefly highlight why climate risks are so difficult to insure. After a massive fire in the city of Hamburg,
Germany in 1842, local insurers failed.” Reinsurance markets arose for fire insurance because fires are idiosyncratic
events, allowing providers to create a diversified risk pool and spread these risks widely and effectively.

Unlike the chances of a fire in a given city, climate risk is better described by the title of the latest Oscar winner:
It’s “Everything, Everywhere, All at Once.” Climate change is simultancously inducing heightened risk of flood, storm
damage, chronic inundation, drought, excessive heat, and wildfires. These risks are difficult to diversify and spread
to private entitics. While reinsurance and the catastrophe bond market will continue to play a role in maintaining
functioning insurance markets, there is no avoiding the fact that the increasing risk of large, global loss events will
mean higher costs for consumers.®

The limitations of private insurance markets for insuring against climate risks points to a larger role for the govern-
ment. State and federal insurance entities will bear more of these risks going forward as private insurers pull back. If
we do not take action on climate adaptation and mitigation, then we can expect private markets for wildfire and wind
coverage (o increasingly resemble the National Flood Insurance Program and rely on public support. Further costs will
be borne by Fannie, Freddie, and the FHA, who make up two-thirds of the current mortgage market, and by FEMA
and other post-disaster aid sources.

Topics sutrounding insurance often feel remote or difficult to digest, but they impact everyday houscholds. Far
too many Americans are currently not protected from climate risks: FEMA estimates that only 35 percent of Florida
households in flood zones have flood insurance.” And the First Street Foundation estimates that roughly 6 million
houscholds are at significant flood risk but lie outside of FEMA's outdated floodplain maps, making them likely un-
aware of their danger.!

Private insurers’ aim to price their risks accurately, so we should pay close attention to the choices that they make.
No matter your views on climate science, insurers are responding to the increased frequency of high-cost disasters
and the latest scientific forecasts. The departure of insurers from property markets has serious implications for home
values, the dominant store of wealth for the average houschold, and for communities that rely heavily on property
taxes to provide basic services as well as defend against further climate-related damage. Now is the time to identify
policy solations to reduce American families’, businesses’, and taxpayers” exposure to climate risk.

Thank you again for the opportunity to testify.

6Keys and Mulder (2020) bt
Kopt (1929) *
SFor more on
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Research on Climate Risk, Housing, Mortgage, and Insurance Markets

I began my career studying the implications and impact of the 2008 financial crisis, and in recent years my focus has
turned to climate change as the most critical risk that faces consumers and our economy.

My ongoing research on coastal housing markets documents the emergence of a 5 to 7 percent price discount for
Florida properties in neighborhoods that face the greatest exposure to sea level rise (see maps below in Figure 1).'}
The price discount on at-risk homes grew between 2016 and 2019, but actually manifested earlier in 2013 as a decline
in the number of home sales (see Figure 2). Like the housing bust of 2008, when housing demand declines sellers are
reluctant to cut prices. This reluctance leads to fewer transactions and a larger inventory of for-sale homes spending
more time on the market. Eventually sellers lowered their list prices, and transaction prices declined. However, we
find that transaction volumes remained substantially below that of less exposed properties, suggesting less liguidity
in the housing market. We further examined the mortgage and flood insurance markets and found no evidence that
these markets were driving the price discount or the lack of liquidity. These market dynamics were present prior to the
COVID-19 housing boom, and whether they will re-emerge is an important question for understanding how sea level
rise will affect coastal housing markets.

Other researchers studying how housing markets across the United States are responding to climate risk have also
found that homes exposed to sea level rise sell at a discount compared to otherwise similar properties.'? The fiterature
on climate and real estate markets has several important takeaways for policymakers. First, new information about
climate risk — and not just sea level rise but also flooding, wildfires, and hurricanes — is affecting property values
today. Second, the capitalization of risk into home prices may not be a smooth process. When sellers are reluctant
to cut prices or when they disagree with buyers about the risk of different climate scenarios, real estate markets can
become less liquid and more volatile. As we are seeing once again, volatility and uncertainty in housing markets can
affect not just individual buyers and sellers, but the stability of the wider financial system. Finally, due to barriers cre-
ated by state- and federal-level policies, insurance markets and lenders are not pricing climate risk into their decisions,
which may be keeping the prices of at-risk homes elevated even given the price discounts that have started to emerge.!?

Below, I discuss the role of financial and real estate markets in transmitting climate risk across the economy, and
discuss policies that can help to manage and reduce risk. To understand the potential consequences to property markets
of climate change, it is illustrative to consider paraliels between the growing climale risk that we face and the lessons
learned from the last crisis in 2008,

Property markets played a central role in the last crisis. A key feature of the property boom of the 20008 was
overoptimism surrounding commercial property and home prices, fueled by declining lending standards and sec-
ondary mortgage markets that created distance between those who originated mortgages and the final holders of the
mortgages’ risk. A central lesson from the boom and bust is that expectations matter and prices can deviate substan-
tially from fundamentals for long periods of time. A second lesson is that both property owners and financial markets,
largely left to their own devices, reached valuations that were unrealistic and unsustainable. The direct risks of lending
were underappreciated, and there was a fundamental lack of awareness about the broader risks in the financial system,
with spillovers ultimately to the entire economy.

As in 2008, there is a lack of information and awareness regarding the true scope of climate risk. Taking flood
risk as an example, far too many households are uninsured or underinsured from flood hazards. Ninety-eight percent
of U.S. counties have experienced a flooding event, and floods have caused over $155 billion in property damages
in the last decade.™. Yet among houscholds, there are few, if any, mechanisms or incentives that raisc homeowners’
concerns consistent with the growing risk. This lack of awareness is especially acute in the insurance market. A 2021
survey of homeowners conducted by the NAIC found that 56 percent believe their homeowners” policy covers flood
damage, even though flood is not covered under standard policies; In fact, only 4 percent of the homeowners in their

H¥eys aud Mulder (2020)
128ee, for instance, Bin and Landry
Hino and Burke (2021)

org/

Bernstein et al. (2019)
1 3 , and Bakkensen
and Barrage (2022)

130k, etal, (2022
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sample actually had flood insurance. ' Over 50 percent of the flood Josses from Hurricane Tan were uninsured.!®

A lack of awareness and infonmation can lead to the mis-pricing of assets. A recent study published in Nature
Climate Change convincingly argues that increased costs of flood risk are not fully captured in property values,!” The
anthors estimate that residential properties are overvalued by between 120 and 240 billion dolfars, Mis-pricing is not
limited to the properties themselves, but also applies to the cost of insura The NFIP has recently implemented
Risk Rating 2.0, a new rating methodology which is gradually increasing flood insurance premiums. While this much
needed innovation is moving prices of flood insurance foward their actuarially fair levels, FEMA models include nei-
ther heavy rainfall nor climate change effects in their flood maps. These omissions are consequential The non-profit
First Street Foundation identifies 14.6 million properties currently at significant flood risk, of which nearly 6 million
tie outside of FEMA floodplain boundaries'®

Mortgage markets are also failing to directly price climate-related risks. In earlier research, my co-authors and 1
examined the consequences of Fannie Mae and Freddie Mac choosing not to price predictable spatial default risk.'®,
As macroeconomic conditions like unemployment rates and house price fluctuations are persistent in the short run,
there are predictable differences in default risk across areas that the GSEs could include in their prices. However,
they price mortgage credit wniformly across the country based on individual- and property-level characteristics (lke
FICO score and loan-to-value ratio). We find that this policy choice leads to substantial cross-subsidization from safer
areas to riskier ones. The same logic applies to climaterelated risks: If they were priced separately, mortgages in
areas exposed to climate risks would face higher interest rates to account for their heightened chance of default and
larger losses given default, Add in generous disaster aid programs, and when combined, the mis-pricing of properties,
subsidized insurance policies, and mortgage rates can lead to a substantial distortion, driving more ¢cononnc activity
and more building fo high-risk areas.

Stress Testing Housing and Property Markets Against Climate Risk

Considering two tail-risk scenarios is potentially useful for “stress testing” our complex and opaque system of risk
management in property markets. My first scenario is a large-scale disaster. The frequency of “billion dollar” disasters
has increased six-fold since the 1980s.2 Going forward, climate change will lead hurricanes to produce more rainfall
and more extreme coastal storm sarges.”!

A disaster hitting a major metropolitan arca along the eastern seaboard would be catastrophic, with the potential
for loss of life and other health outcomes. The destruction could easily surpass previous levels of damage, given the
namber of people and the amount of development in these arcas. Imagine a 20 foot storm surge in New York City, for
instance.?? The destruction of property means the devaluation of collateral, which would have ripple effects through
the financial system. The size of the ripple would depend on the solvency of counterparties in the bousing and mort-
gage market. For instance, many insurers would potentially be unable to pay massive claims, as we are already seeing
in Florida, and state-level backstops through guaranty associations may be insufficien 3 Many mortgage horrowers
would default, leaving the banks and especially Fannie Mae, Freddie Mac, and the FHA on the hook for enormous
josses. The additional layers of insurance in the system, such as re-insurance for the insurers and private mortgage
insurance for the GSEs, would be further stressed.

at higher Tatitudes in coming
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In the event of a large-scale disaster, there would additional costs to federal, state, and local governments offering
sapport to affected houscholds and businesses. [ want to pause here and note the complexity of who bears the actual
risk in the event of a disaster. Homeowners, insurers, re-insurets, banks, the GSEs, private mortgage insurers, state
guaranty funds—all of these groups bear at least a portion of climate risk. But attributing risk to each group is chal-
fenging given how opaque the system is and how dependent cach entity is on the others. T would therefore encourage
regulators to focus on the ability of each entity in the chain to withstand losses from an unprecedentedly large climate-
related disaster. As the recent experience of Silicon Valley Bank has taught us, the mark-to-market balance sheets of
these entities may be weaker than previously believed given recent swings in inferest rates.

My second scenario does not involve a direct disaster, so there are fewer health or mortality consequences and no
immediate destruction, but the costs could nonetheless be enormous. Forecasts of sea level rise are highly uncertain,
Dut the latest NOAA “Intermediate Scenario” forecast is 1.3 feet by 2050 and about 4 feet by 2100.2* However, recent
research suggests that the Arctic region is warming four times faster than the rate of the rest of the world.® The risks
are only increasing in one direction: More melting of the ice sheets and more rapid sea level rise.?®

As a thought experiment, suppose instead that scientists convincingly documented further deterioration of global
ice, and revised their forecasts upward such at the sea level rise forecast was 5 feet by 2050 and 10 feet by 2100.
While 10 feet of sea level rise may seem like an extreme scenario, and it is, T want to put this higher range in context.>”
NASA estimates that if all of the world’s glaciers and ice sheets melted, global sea level would rise by around 200
feet.”® So we are still talking about a small fraction of the global ice melting, but melting at a faster rate than currently
forecast.

This news would have immediate repercussions (o exposed areas. Almost 30,000 square miles of land, currently
home to 12 million people, would anticipate being inundated with 10 feet of sea level rise.” Property prices should
respond well before water is lapping onto doorsteps. Properties are durable assets that should be priced today based
on their future livability or usability (present discounted rents). This principle of forward-looking pricing means that
changing perceptions of risk rather than an acute disaster should immediately drive asset values downward. Some
homeowners or investors may dismiss these types of climate risks for the reason that their impacts are largely “beyond
their investment window”” In making that claim, they are ignoring the simple fact that at the end of their window,
they need to find a buyer of the asset. If buyers incorporate this risk into their valuations, then asset values will be
substantially smaller when the current owners attempt to exit their position.

A shock to house prices would lead some homeowners to stop paying their mortgages, putting stress on the bank-
ing system and holders of mortgage-backed securities. Insurers would leave the area, unwilling to insure properties at
any price. Without insurance, it is virtually impossible to obtain a mortgage, so financing for these properties would
dry up. Unlike 2008, when the shock to home prices felt large but ultimately temporary, rising sea levels would induce
permanent shocks.

A key difference between these two scenarios is the role that insurance can play in the first but not the second.
Insurance is written on annual contracts and helps with immediate extreme events with limited duration. The basic
principle is that risks are sufficiently idiosyncratic that they can be pooled and insured against. However, insurance
alone generally cannot solve long-term issues or insure against systemic risks. For instance, insuring against long-term
sea level rise would require multiyear policies that are not currently offered in the marketplace. Further, insurers are
mobile in ways that homeowners are not. When risks increase, we should expect that insurers will retreat much faster
than homeowners, as is happening now in California.

X Contiguous 1.8, intermediate forecast:
2Rantanen, et al. (2022}
%i8ee, for instance, last yea
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Concluding Thoughts

In sum, the consequences of re-pricing “neglected” climate risks could have an enormous impact on property, insur-
ance, and mortgage markets. While T have emphasized flood risk in my brief remarks today, other climate-related
risks such as wildfires, droughts, or extreme heat could potentially follow similar patterns. These risks are not yet
fully internalized by households, banks, the GSEs, or insurers. In addition, these risks are disproportionately borne by
lower income groups and racial minorities, who may already live in riskier areas and lack access to financial resources
for ex ante preparation or ex post repairs.

In the face of potential disaster, the government can play a critical role in regulating these entities and ensuring that
they are sufficiently capitalized to withstand significant climate-related shocks. Government agencies can also further
move prices fo better align with risks in the markets they directly influence, like flood insurance and mortgages. With
flood insurance, the government can draw more accurae maps, more aggressively promote take-up, and develop a
means-tested assistance program to help needy households protect their homes. > With mortgages, the GSEs can con-
duct stress tests that better assess the stability of their counterparties to climate-induced shocks, and can incorporate
climate risk into their pricing models to end one implicit subsidy for at-risk development. Providing price signals
through these markets would also promote investment in adaptation by homeowners and local governments —— an area
where the federal government also has a role facilitating investments in under-served communities. Finally, the gov-
ernment can help to manage expectations through better disclosure and assessment of climate risks. Potential property
owners and homeowners deserve loud and crystal clear warnings of climate-related risks, especially if prices are not
providing a sufficient signal on their own.

see testimony by Kousky (2022): ¢

6
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Figures

‘Tampa Bay Miami Region

‘Tampa Bay Miami Region

Figure 1: From Keys and Mulder (2020). Maps show SLR exposure for the sample of 771 coastal Florida census tracts. The top panel shows the share of each tract’s
developed land in 2000 that would be chronically inundated at six feet of SLR. The bottom panel shows the subsample of tracts categorized as either “more-SLR-exposed”
(> 70% exposure, 187 tracts) or “less-SLR-exposed” (< 10% exposure, 217 tracts). Sources: NOAA
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Home Sale Volume by SLR Exposure

16 —&— More SLR Exposed

=~ Less SLR Exposed

14
g2c
38 ,
[=} .
£=
o
[vf=)
DN
og !
E o
o
T N

8
6
2000 2005 2010 2015 2020
Home Prices by SLR Exposure
—&— More SLR Exposed
14 —=~ Less SLR Exposed
12

HPI
2001-2012 Mean

6
2000 2005 2010 2015 2020

Figure 2: From Keys and Mulder (2020). Housing transaction volume (top panel) and home price (bottom panel) trends in coastal Florida census tracts with high
(blue circles) versus low (black squares) SLR exposure. Housing volume and home price index are normalized by their 2001-2012 mean. Sources: NOAA, CoreLogic,

Authors’ calculations.
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Chairman Whitehouse, Ranking Member Grassley, and distinguished Senators:

Thank you for the opportunity to offer testimony on how climate change is affecting insurance
markets. This issue is important for providers and buyers of insurance protection because climate
change alters the patterns of natural catastrophes, contributing uncertainty to an industry whose
role is to provide stability and protection from loss.! (The term “catastrophe” as used throughout
is defined as a natural event causing at least $25 million in insured property losses.) The
insurance and reinsurance industries provide coverage from losses from sundry climate events.
To the extent that climate change impacts the frequency and severity of climate-related losses,
reinsurers must recalibrate their products. There is broad consensus among reinsurers that the
climate is changing in ways that aggravate the occurrence of catastrophic events.2 The
reinsurance industry therefore has a major role to play in responding and developing solutions to
our changing climate.

I am the director of Finance, Insurance and Trade program at the R Street Institute (RSI). I
conduct independent research on public policy issues that impact buyers of property and casualty
(P&C) insurance, such as flood insurance, crop insurance and emerging risks. Prior to joining R
Street in 2021, I was an insurance industry analyst at insurance asset management and industry
research firm Conning, where I studied financial conditions as well as the market and external
forces impacting insurance and reinsurance company performance.

RS1is a nonprofit, nonpartisan public policy research organization whose mission is to engage in
policy research and outreach to promote free markets and limited, effective government. The
issues covered in today’s hearing are particularly relevant to RSI because at its founding in 2012,
RSI’s signature issue was climate change and its impact on property and casualty insurance and
reinsurance. Weeks after RSI’s founding, it characterized climate change as a “high salience
issue” and appealed to readers’ “common sense.”> Climate change and resilience are and will
continue to be among the most consequential issues of the day.

I would like to address three questions at the heart of today’s hearing.
1. What is the impact of climate on the insurance and reinsurance industries?
What is the financial condition of the insurance industry, and can it withstand deleterious

impacts of climate change?
3. How is the insurance industry changing in response to climate change?

Impact of Climate Change

The P&C insurance industry is, and has been, in the business of providing weather insurance.
When wind, fire, hail and other natural hazards cause billions of dollars in property damage, the

! “Facts and Statistics: U.S. Catastrophes,” Insurance Information Institute, last accessed March 17, 2023.
https://www.iii.org/fact-statistic/facts-statistics-us-catastrophes.

2 “The Potential Impact of Climate Change on Insurance Regulation,” National Association of Insurance
Commissioners, 2008.

https://content.naic.org/sites/default/files/legacy/documents/cipr_potential _impact_climate_change.pdf.

3 Eli Lehrer, “Climate silence: It’s just common sense,” The R Street Institute, Oct. 31, 2012.
https://www.rstreet.org/commentary/climate-silence-its-just-common-sense.
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insurance industry acts as the economy’s first responder, paying claims and helping customers
get back on their feet.

When extreme weather events cause damage to homes and businesses insurers are not shocked.
Property insurance is designed to cover such events; insurance policies contractually protect
insurance buyers from such loss events; and insurers are capitalized sufficiently to meet their
claims obligations. When losses from catastrophes are large, in the billions or tens of billions of
dollars, insurers are cushioned with financial protection in the form of reinsurance, the shock
absorber of the insurance industry. Insurers design their reinsurance purchases to limit the losses
borne on their balance sheet, allowing insurance companies to maintain their own financial
stability, while providing stability to their customers.

Insurers keep an eye on climate and weather patterns because they largely price their policies on
the basis of past loss events. Because the past is not necessarily prologue, insurers consider
changes in the frequency and severity of loss events, and recalibrate their pricing every year to
get the appropriate amount of premium according to risk magnitude. If they underprice, they
suffer financially; if they overprice, they eventually lose business to competitors who step in to
provide coverage at lower, risk-adjusted rates. The U.S. property and casualty insurance industry
is highly competitive, with over 3,000 insurers, ranging in size from large publicly-traded
national giants to regional insurers. At the smaller end, there are hundreds of one-state, multi-
county and single county mutual insurance companies.*

Reinsurance is also a competitive industry. There are major centers for reinsurers in continental
Europe; among Lloyd’s syndicates with an appetite for U.S. reinsurance risk; numerous
Bermuda-based reinsurers; as well as U.S. reinsurers, the largest being Berkshire Hathaway’s
National Indemnity Company. And just as primary insurers limit their losses with reinsurance,
reinsurers buy retrocessional reinsurance from other capital providers so that their balance sheets
can withstand large losses. The broader insurance industry thus provides three layers of
protection: primary insurance from insurance companies; reinsurance; and retrocessional
reinsurance. These three layers make the reinsurance industry exceptionally stable. To illustrate,
in 2010, in the wake of the great recession, there were only eight insurance company
impairments, on par with the long-term average.’ This compares to 157 bank failures in 2010.°

The exceptionally low failure rate of P&C insurers is due in large part to the emphasis they place
on capital management, deploying enterprise risk management, asset liability management and
stress testing, in addition to the three layers of protection described above. It is this dedication to
shepherding their capital that has enabled many insurers and reinsurers to operate for over a

4 “Property, Casualty and Direct Insurance in the United States—Number of Businesses 2004-2029,” IBIS World,
Jan. 25, 2023. https://www.ibisworld.com/industry-statistics/number-of-businesses/property-casualty-direct-
insurance-united-
states/#:~:text=There%?20are%203%2C708%20Property %2 C%?20Casualty.increase%200f%200.6 %2 5%20from%20
2022.

5 “Best’s Impairment Rate and Rating Transition Study — 1977 to 2011, A.M. Best Company,

March 26, 2012. https://www.ambest.com/nrsro/impairment.pdf.

¢ “Bank Failures in Brief — Summary 2001 to 2023,” Federal Deposit Insurance Corporation, last accessed March
17, 2023. https://www.fdic.gov/bank/historical/bank.
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century. For example, the first modern professional reinsurance company, Cologne Re, was
founded in 1846 as a response to the great Hamburg fire of 1842.7 Another European giant
reinsurer, Munich Re, was founded in 1880. Some U.S. mutual insurers have been operating
since the early 1800s and before, and are still going strong.® To survive and thrive for over a
century, an insurer must be a good steward of its capital and a reliable provider of a quality
product to its customers.

Financial Condition of Insurers

The current financial position of the insurance industry is good. In the last five years, 2002 was
only year when P&C insurers had an underwriting loss—where loss is the sum of losses and
expenses exceeding premium—which was largely because of claim cost inflation. Supply chain
shortages, combined with deteriorating driving behavior, conspired to raise the cost of
automobile repairs.” The 2022 combined ratio for private auto insurance was 101.2 percent,
approximately ten percentage points higher than in 2021, as a result of poorer driving, more
fatalities and higher auto repair costs. But even in 2022, the investment income contribution to
insurers’ bottom line made for acceptable operating results.

The P&C insurance industry’s balance sheet has strengthened in the past half-decade. The
industry’s surplus (the extent to which assets exceed liabilities) rose from $757 billion in 2018 to
$1.05 trillion in 2021.'° The combined ratio was below 100 percent in 2018 — 2021, and rose to
102.5 percent in 2022, largely from higher costs for automobile physical damage losses, due also
to shortages of spare parts and labor shortages, leading to higher losses.

The reinsurance industry is also financially strong. Historical data on U.S. reinsurance
performance shows the industry has delivered healthy underwriting results through 2022. In most
years in the past decade, the underwriting result has been profitable, as shown in the Table 1
below.!! A combined ratio below 100 percent indicates underwriting profit. When investment
income, equivalent to approximately 10 percentage points, is added to the underwriting result, all

7 David Holland, “Reinsurance: A brief history,” The Actuary, Sept. 21, 2012.
https://www.theactuary.com/archive/old-articles/part-3/2012/09/2 1 /reinsurance-brief-history.

8 “The Philadelphia Contributionship: A New Startup 270 Years Ago.” The Philadelphia Contributionship, May 14,
2022. https://1752.com/2022/05/14/the-philadelphia-contributionship-a-new-startup-270-years-ago.

° Tim Zawacki, “US P&C industry statutory combined ratio tops 100% for 1** year since 2017,” S&P Global Market
Intelligence, March 13, 2023. https://www.spglobal.com/marketintelligence/en/news-insights/research/us-pc-
industry-statutory-combined-ratio-tops-100-for-1st-year-since-20 1 7#:~:text=13%20Mar%2 C%202023 -
US%20P%26C%20industry %20statutory %20combined %20ratio%20tops.for%20 1st%20year%20since%202017&t
ext=A%20run%200f%20underwriting%?20profitability.released%20statutory %2 0financial %2 0results%20reveals.

10 S&P Capital IQ Pro, last accessed March 17, 2023.
https://www.capitaliq.spglobal.com/web/client?auth=inherit#news/home.

11 “Reinsurance Underwriting Review,” Reinsurance Association of America, last accessed March 17, 2023,
https://www.reinsurance.org/RAA/Industry_Data_Center/Reinsurance_Underwriting_Review/Reinsurance_Underw
riting_Review.html; “Quarterly Underwriting and Operating Report,” Reinsurance Association of America, last
accessed March 17, 2023. https://www.reinsurance.org/quarterly.
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10 years saw an operating profit—even 2017, the year of hurricanes Harvey, Irma and Maria in
the United States and the Caribbean.!?

Table 1: U.S. Reinsurance Combined Ratio

Combined
Ratio
Year (percent)
2013 86.8
2014 91.0
2015 92.3
2016 95.1
2017 108.4
2018 103.3
2019 100.5
2020 101.4
2021 99.2
2022 99.8

Source: “Reinsurance Underwriting Review.”
https://www.reinsurance.org/RAA/Industry_Data Center/Reinsuranc
e_Underwriting_Review/Reinsurance_Underwriting_Review.html.

How is the insurance industry changing in response to climate change?

The insurance and reinsurance industries are responding to climate change in two broad ways: by
encouraging insurance buyers to take measures to mitigate loss potential; and by structuring new
products.

Measures to mitigate losses and make properties more resilient include discounts offered to
property owners who make their structures more capable of withstanding the perils of wind, hail,
rain or hail. The 17,000-acre Babcock Ranch community in southwest Florida provides an
example of how much loss potential is reduced when homes are strengthened to withstand
natural catastrophe losses.'* Homes in Babcock Ranch were designed to the strictest building
codes. The community is sited in an area at no risk from storm surges and has native landscaping
for absorption of water and underground power cables. While hurricane Ian destroyed the nearby

12 Chris Vaccaro, “Extremely active 2017 Atlantic hurricane season finally ends,” National Oceanic and
Atmospheric Administration, Nov. 30, 2017. https://www.noaa.gov/media-release/extremely-active-2017-atlantic-
hurricane-season-finally-ends.

13 Renee Cho, “With Climate Impacts Growing, Insurance Companies Face Big Challenges,” Columbia Climate
School, Nov. 3, 2022. https://news.climate.columbia.edu/2022/11/03/with-climate-impacts- ing-i
companies-face-big-challenges.
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cities of Naples and Fort Meyers in 2022, the only losses at Babcock Ranch were a few fallen
trees. There was no loss of power.

Florida insurers make available discounts for residential properties that use construction
materials or techniques to reduce the risk of storm damage.'* Discounts are available for
fortification measures to withstand hurricane force winds by strengthening and securing roofs
and shutters and garage door reinforcement. There are also sales tax exemptions for impact-
resistant doors, garage doors and windows.

Insurers may also provide credits to communities that establish a natural barrier between a body
of water and buildings. RSI has written on this, supporting the Coastal Barriers Resources Act
(CBRA) and its expansion.'®> RSI found that “natural infrastructure can also do a better job
weathering the effects of storms and flooding than engineered structures.”'® Natural barriers are
features of the surrounding environment that mitigate risks from severe weather events, such as
powerful convective storms or floods. Natural barriers may take the form of mangroves, coral
reefs and marshes. It has been shown that only 15 feet of marshland can absorb half the power of
storm surge.!” Mangroves can also reduce impacts from storm surges. One study found that 330
feet of mangrove trees “can reduce wave height by 66 percent.”!$

In California, insurers offer premium discounts to homeowners and businessowners who make
their properties safer from wildfires.!” Measures may include installation of sprinkler systems
and building with fire-resistant materials and designs for walls and roofs.

Other ways reinsurers are responding to climate change involve adjustments to their business
models. Five such responses include changing from all-risk policies to named peril policies;
introducing parametric covers; rebalancing investment portfolios; attracting third-party capital;
and offering private market policies that were insured with government programs.

14 “Financial Incentives,” Fortified, last accessed March 17, 2023. https:/fortifiedhome.org/incentives.

15 Portia Mastin and Jerry Theodorou, “Congress must act to solve an urgent crisis on our coasts,” The Hill, July 25,
2022. https://thehill.com/opinion/energy-environment/3571637-congress-must-act-to-solve-an-urgent-crisis-on-our-
coasts; Josiah Neeley and Tony Carvajal, “Be prepared: using Florida’s natural infrastructure to combat climate
change,” R Street Shorts No. 124, March 2, 2023. https://www.rstreet.org/research/be-prepared-using-floridas-
natural-infrastructure-to-combat-climate-change.

16 Neeley and Carvajal. https:/www.rstreet.org/wp-content/uploads/2023/03/r-street-short-no-124-co-branded-
FINAL-1.pdf.

17 Heather Luedke, “Fact Sheet: Nature as Resilient Infrastructure — An Overview of Nature-Based Solutions,”
Environmental and Energy Study Institute, Oct. 16, 2019. https://www.eesi.org/papers/view/fact-sheet-nature-as-
resilient-infrastructure-an-overview-of-nature-based-

solutions#:~:text=Natural%20infrastructure%20%E2%80%93 %20Projects%20that%20use.%2 C%20and%20social
%20c0%2Dbenefits.

1% Ibid.

19 Hayley Smith, “California to require insurance discounts for property owners who reduce wildfire risk, ” Los Angeles
Times, Oct. 17, 2022. https://www.latimes.com/california/story/2022-10-17/state-to-mandate-insurance-discounts-
for-wildfire-mitigation.
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Named peril policies Instead of all-risk policies which can be triggered by losses that
were not contemplated by underwriters, policies—whether
primary insurance or reinsurance—can be focused specifically
on one peril.

Parametric covers Policy coverage disputes can be averted if the trigger for
coverage is the attainment of a specified parameter, such as
inches of water, category of a hurricane, etc.

Rebalanced investment Investment officers may identify in their portfolio equity or
portfolios fixed income holdings of companies more likely to lose value
as the result of expected climate change-caused business
downturns, and recalibrate accordingly.

Third-party capital Third-party capital in the form of insurance-linked securities
(catastrophe bonds) can add to the pool of capital from
(re)insurers’ balance sheets, expanding the capital base
dedicated to climate change-related catastrophe risk.

Private market solutions to | Government-operated flood and crop insurance programs can
government insurance be managed more soundly with private insurers introducing
coverage structures and options designed to cover climate-
change related risks.

Source: R Street Institute research and analysis

Climate Risk

There is an established link between anthropogenic climate change and extreme weather event
frequency and severity. Although the data points to a higher frequency of high-severity extreme
events, forecasts cannot be made with precision because of the complex interplay of climate
change factors.?’ There is consensus in the scientific and insurance communities that more
extreme events are to be expected. While modeling confidence and precision is improving, we
cannot articulate the specific magnitude and times of the changes.

The profile of physical climate risk is dynamic, spatially heterogenous and incremental on the
timeframe of relevance to insurance markets. For example, many climate science studies focus
on natural hazards at the end of the century, whereas the reinsurance market is focused on the

20 Guillen Barroso, ““All Models are Wrong, but Some are Useful.” George E.P. Box,” last accessed March 17,
2023. https://www.lacan.upc.edu/admore Web/2018/05/all-models-are-wrong-but-some-are-useful-george-e-p-box.
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near term.?! Climate change does not present a near-term “shock” risk to financial markets akin
to pandemics, wars or housing crises despite posing a high magnitude risk to society over the
very long term.

The granularity and complexity of climate risk is ripe for a bottom-up market approach to risk
management. Policymakers can help markets manage climate risk organically through actions
like transferring risk responsibility to the private sector, removing barriers to capital flows
seeking diversification and correcting moral hazard problems. One example is fixing distortive
subsidies in the National Flood Insurance Program to permit private market pricing at an
actuarially sound rate.?

Conclusion

Ignoring climate change is not an acceptable response. Climate sceptics are not found in the
fundamentally conservative insurance industry, whose job is to restore things to how they were.
We acknowledge those who call for waking up to the reality of climate change—insurers have
acknowledged it for many decades. Insurance markets have an appetite for climate risk, are in
the business of dealing with it, and will continue to play a key role in absorbing and mitigating
its risk to our economy.

Thank you again for the opportunity to testify before you today. I look forward to addressing
your questions.

2l Anja T. Rédler, “Invited perspectives: how does climate change affect the risk of natural hazards? Challenges and
step changes from the reinsurance perspective,” Natural Hazards and Earth System Sciences 22:2 (March 2022),
Ppp.659-664. https:/nhess.copernicus.org/articles/22/659/2022.

2R, J. Lehmann, “Do No Harm: Managing Retreat by Ending New Subsidies,” R Street Policy Study No. 195,
February 2020. https://www.rstreet.org/wp-content/uploads/2020/02/195 .pdf.
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I thank the Chairman, Ranking Member and the Committee for the opportunity to offer
testimony today on “Risky Business: How Climate Change is Changing Insurance
Markets.” I am President of Climate Forecast Applications Network (CFAN) and
Professor Emerita and former Chair of the School of Earth and Atmospheric Sciences at
the Georgia Institute of Technology. 1 have devoted four decades to conducting
research on climate dynamics and severe weather, particularly hurricanes.

For the past 15 years, through my company CFAN, I have engaged with decision makers
in both the private and public sectors on issues extreme weather and climate change.
CFAN’s primary objective is to translate cutting-edge weather and climate research into
forecast products that support the mitigation of weather and climate risks. I have learned
about the complexity of different decisions that depend, at least in part, on weather and
climate information. I have learned the importance of careful determination
and conveyance of the uncertainty associated with our scientific understanding and
particularly for predictions. I have found that the worst outcome for decision makers is
a scientific conclusion or forecast issued with a high level of confidence that turns out to
be wrong.

Since 2017, CFAN has been engaging with clients in the insurance sector: insurance,
reinsurance, and asset management companies with Insurance Linked Securities (ILS)
funds. Of specific relevance to this Hearing, | have authored a book titled Climate
Uncertainty and Risk that has been extensively peer reviewed and is in press at Anthem
Press (an academic press).

With this perspective, my testimony focuses on the following issues of central relevance
to climate change and insurance markets:

The “climate crisis” isn’t what it used to be
Mischaracterization of climate risk

The insurance sector and climate change

Global warming and hurricanes

Adaptation to extreme weather events

Risks from a rapid transition of electric power systems
Ways forward to manage climate-related insurance risk



181

The “climate crisis”

The insurance market is influenced by our perceptions of risk. Risk perception is our
subjective judgment or appraisal of risk, which can involve social, cultural, political and
psychological factors. Referring to climate change as a “crisis” is at odds with professional
judgments of climate risk.}

The “climate crisis” isn’t what it used to be. Circa 2013 with publication of the
Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report (ARS), the
extreme emissions scenario RCP8.5 was regarded as a baseline business-as-usual
emissions scenario, with expected warming of 4 to 5°C (7 to 9°F) by 2100.

Now, there is general acceptance that the RCP8.5 scenario is implausible. The Conference
of Parties (COP) to the UNFCCC Agreement dropped consideration of the RCP8.5
scenario in COP26 (2021) and COP27 (2022). COP27 is working from a baseline
temperature projection based on RCP4.5 (SSP2-4.5) of 2.5°C by 2100, relative to
temperatures in the late 19th century (note: 1.1°C of warming has already occurred). Only
a few years ago, an emissions trajectory that followed RCP4.5 with 2 to 3°C (4 to 5°F)
warming was regarded as climate policy success.

An additional factor in reducing the magnitude of risk from human-caused warming is that
our understanding of the sensitivity of the climate to atmospheric COz has increased. The
IPCC Sixth Assessment Report (AR6) reduced the upper bound of the likely range of
equilibrium climate sensitivity from 4.5 to 4.0°C.? A recent paper challenged the main
analysis used by the IPCC ARG by identifying errors, outdated input values, and concerns
about the statistical analysis method. This paper found that climate sensitivity is
considerably more likely to be below 2°C than above 2.5°C.3

The IPCC ARG recognized that a substantial number of climate models are running “too
hot” Therefore, the ARG adopted a new approach to make 21st century temperature
projections that combined the climate model projections with observational constraints on
simulated past warming and best estimates of the climate sensitivity.* These constraints
reduced the climate model projections of warming by up to 20% for the higher emissions
scenarios. This new constrained procedure used by the ARG is significant because it breaks
the hegemony of the global climate models in dominating the IPCC’s conclusions about
twenty-first century climate change.

There are additional reasons to expect less warming than indicated by the COP27
projections. Plausible scenarios of natural climate variability in the mid-21st century (not
included in the climate model simulations) point to a slowdown in the rate of global
warming driven by: an expected solar minimum,>® the possibility of explosive volcanic
eruptions,”® and a projected shift in multi-decadal ocean circulation patterns 1

The mainstream media is currently awash with articles from prominent journalists on how
the global warming threat is less than we thought.!* However, the rationale for continuing
to sound the alarm is that the /impacts are worse than we thought, specifically with regards
to extreme weather. Climate crisis rhetoric is now linked to extreme weather events, most
of which are difficult to identify any role for human-caused climate change in increasing
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either their intensity or frequency against the large natural variations in weather and climate
variability.

The IPCC AR6 Summary for Policy Makers highlights the following changes in extreme
weather; increased intensity and frequency of heat waves plus reduced intensity and
frequency of cold waves since 1950; increased frequency and intensity of heavy
precipitation events since 1950; and a /ikely increase in the global proportion of major
(Category 3-5) tropical cyclone (hurricane) occurrence over the last four decades.’? It is
significant what is nof mentioned in the Summary for Policy Makers. Chapters Eleven and
Twelve in the IPCC ARG identify the following event types for which there is either no
change or low confidence in any change: meteorological and hydrological droughts;
extratropical storms; total number of tropical cyclones; and tornadoes, hail, and lightning
associated with severe convective storms, 314

Examination of historical data records of extreme weather events in the U.S. shows that, in
nearly all regions of the U.S., conditions during the 1930s were worse than what we’ve
seen in the early 21st century: the most intense landfalling hurricane, greatest magnitude
and frequency of heat waves, worst droughts, and worst wildfires.!* The magnitude and
frequency of extreme weather events do not scale simply with an increase in global
temperature; natural weather and climate variability dominate the occurrence of these
events.

Despite the moderate and equivocal conclusions of the IPCC, every extreme weather event
now gets associated in the media with human-caused global warming, distorting our
perception of climate risk. Any change in the intensity or frequency of extreme weather
events is incremental at most; even if a change in the event type has been detected,
attributing any change to emissions-driven warming is not at all straightforward.
Quantitative forward projection of any changes is highly uncertain.!¢

With regard to the perception that severe weather events seem more frequent and more
severe over the past decade, there are several factors in play. The first factor is increasing
vulnerability and exposure associated with increasing population and concentration of
wealth in coastal and other disaster-prone regions. The second factor is natural climate
variability. Many extreme weather events have documented relationships with natural
climate variability. A recent analysis summarizing many studies finds no evidence to
support claims that any part of the overall increase in global economic losses (when scaled
by GDP) from weather and climate disasters can be attributed to global warming.!”

And finally, it is difficult to overstate the importance of the shift in expectations for extreme
weather events that is represented by the rejection of the RCP8.5 emissions scenario as
implausible. '8-1° The IPCC, the U.S. National Climate Assessment, and a majority of
published papers have centered their analyses on RCP8.5 as a reference scenario against
which climate impacts and policies are evaluated.?® Rejection of the RCP8.5 emissions
scenario has rendered obsolete much of the climate impacts literature of the past decade,
which have focused on RCP8.5. It is now clear that climate impact assessments have been
biased in an alarming direction by continued inclusion, and even sole reliance, on RCP8.5
in most studies.

(O3]
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Mischaracterization of climate risk

What has been cast as a global “crisis” is for the most part thousands of local vulnerability
emergencies that are revealed by extreme weather events. The misidentification of climate
change as a “crisis” and the ensuing precautionary mandate to urgently and rapidly
eliminate the use of fossil fuels is creating new risks, while failing to address the current
risks associated with extreme weather events.

Climate change risk includes elements of both incremental risk and emergency risk.
Incremental risk displays creeping characteristics and the “fat tail” effect. Since changes
take place slowly, the adverse consequences take a long time to emerge as impacts
accumulate and worsen over time. The slow creep of sea level rise is an example of
incremental climate risk. By contrast, emergency risks are associated with extreme weather
events.

The rationale for the rapid transition away from fossil fuels conflates incremental and
emergency risk. The proposed management strategy for both risk categories is to eliminate
COz emissions. This strategy may have some incremental benefits in the 22nd century, but
will not help with the emergency risks associated with extreme weather events in the 21st
century. The urgency of addressing emergency risk is being used to motivate the urgency
of reducing emissions. Ironically, costly and suboptimal attempts to rapidly reduce
emissions are exacerbating energy unreliability, which is increasing emergency risk
through increased vulnerability.

A key to securing meaningful action to reduce climate change risk is to clearly separate the
incremental, emerging risks associated with long-term changes in average conditions from
the emergency risks associated with extreme weather and climate events. Governance of
climate risk needs to approach these two kinds of risk differently. Emergency risks need
to be addressed in both the present and future climate.

One would logically think that if warming is less than we thought but impacts are worse,
then the priorities would shift away from CO2 mitigation towards adaptation. However,
that hasn’t been the case. Once the incremental risks are separated from the emergency
risks, the perception of urgency in reducing emissions is diminished. It becomes far more
important to develop strategies for managing atmospheric greenhouse gases in ways that
do not have an adverse impact on security, the economy, industry or agriculture. At this
point, assessing the transition risks associated with rapidly eliminating fossil fuels is
arguably more important than attempting to refine our assessments of the incremental risks
associated with continuing fossil fuel emissions.

The insurance sector and climate change

My company CFAN has ten clients in the insurance sector, most of which are related to
Insurance Linked Securities (ILS) funds and catastrophe bonds. My specific engagement
with this sector is to provide seasonal forecasts of hurricane activity, advanced hurricane
forecast products to support live trading of catastrophe bonds, analyses of post landfall
impacts, and general educational materials regarding climate change and weather/climate
hazards. CFAN actively participates in insurance sector conferences and subscribes to
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numerous newsletters related to ILS, catastrophe bonds and reinsurance. CFAN also
interacts with startup companies in the sector that are working to develop new risk transfer
tools, as well as working with companies in Africa and South Asia with regards to
agricultural insurance. With this context, I provide the following remarks.

There is alot of discussion at insurance conferences and in newsletters about taking climate
change into account in calculating insurance risk. Privately, insurance industry leaders state
that climate change isn’t taken into account since 90% of property and casualty policies
last 12 months. Any change in climate related impacts can’t be effectively measured on the
time scale of a year. However, the industry is under pressure from investors that are
reacting to an exaggerated public narrative surrounding climate change, as well as
confusing weather with climate.

Catastrophe bonds, or “cat bonds,” have been developed over the past 25 years as an
alternative to property and casualty reinsurance. A cat bond is a contract to cover risk that
provides payouts triggered by specific events. Losses due to Atlantic hurricanes were the
impetus for the creation of cat bonds and remain the primary market driver.?! There are
now 51 funds that specialize in cat bonds, some of which are affiliated with reinsurance
companies and others associated with capital and asset management companies. Cat bonds
have lowered the costs of diversifying insurers’ exposure to natural disaster risk by
attracting alternative sources of capital and increasing the total capital available for the
transfer of insurance risks. For investors, the appeal of cat bonds is that they are largely
uncorrelated with the returns of other financial market instruments. Cat bond investment
returns are at their highest levels ever, and a substantial amount of money is moving into
these funds (ILS funds currently exceed $100B.)*

However, because cat bonds are uniquely tailored, the bonds are thinly traded in private
markets. Hence, current markets lack efficiency and the ability to attract additional capital
that standardized bonds could bring, possibly through public markets.

Climate change is viewed as stimulating the cat bond market as new investible risks
become available.?* Some insurance thought leaders see climate change and its perceived
threats as providing an opportunity to broaden the relevance of the insurance sector to risk
mitigation. Efforts to move forward with climate adaptation are creating new opportunities
to underwrite climate-exposed risk. Shifting business models could focus on preventing
customers from incurring damage and having to make claims by better managing and
avoiding risk. Insurers could also work with the public sector to improve building standards
and land use policies.?*

Global warming and hurricanes

Landfalling hurricanes incur the greatest property and casualty losses in the U.S. among
extreme weather events.

The IPCC ARG (Chapter Eleven) summarizes the expected impacts of future warming on
global hurricane activity:
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¢ “Peak wind speeds of the most intense tropical cyclones (hurricanes) are projected
to increase at the global scale with increasing global warming (high confidence).
The increase in global TC maximum surface wind speeds is about 5 percent for a
2°C global warming across a number of high-resolution multi-decadal studies”

o “Itis very likely that heavy precipitation events will intensify and become more
frequent in most regions with additional global warming. At the global scale,
extreme daily precipitation events are projected to intensify by about 7 percent for
each 1°C of global warming (high confidence).”

Shortly before publication of the IPCC ARG, two assessment reports were published by a
distinguished international group of scientists who serve on the World Meteorological
Organization (WMOQ) Task Team on Tropical Cyclones.?*-2¢ Apart from detecting
poleward migration of the latitude of maximum intensity in the northwest Pacific basin,
the majority of the author team had only low confidence that any other observed tropical
cyclone changes represented either detectable changes or attributable anthropogenic
changes. The relatively low confidence in tropical cyclone change detection results from
observational limitations and the smallness of the expected human-caused change (signal)
relative to the expected natural variability (noise).

With regards to future changes, the WMO Report relied on model results and expert
judgment for a 2°C warming:

1. For hurricane intensity (maximum wind speed), there is medium-to-high
confidence that the global average will increase. The median projected increase in
lifetime maximum surface wind speeds is about 5% (range 1-10%).

2. For the global proportion of hurricanes that reach Category 4-5 levels, there is at
least medium-to-high confidence in an increase, with a median projected change of
+13%.

Author opinion was more mixed and confidence levels lower for the following projections:

1. A decrease of global hurricane frequency, as projected in most modeling studies
2. Anincrease in the global number of very intense hurricanes (Category 4-5).

The insurance industry’s perception of a substantial increase in damage from U.S.
landfall hurricanes is influenced by three recent reports:

* AIR Worldwide (2020): Quantifying the Impact from Climate Change on U.S.

Hurricane Risk*”

» Twelve Capital (2022): Managing U.S. Hurricane Landfall Risk in a Changing
Climate®

e  First Street Foundation (2023): The 7" National Risk Assessment: Worsening
Winds®

These three studies focusing on U.S. hurricane risk circa 2050 use comparable approaches,
albeit with some different assumptions. My analysis here focuses on the AIR Report,
which is the most comprehensive. The headline conclusion from the AIR Report is:
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“The growth in the number of stronger storms, and landfalling storms overall,
increases modeled losses by approximately 20%, with slightly larger changes in areas
such as the Gulf and Southeast coasts™

My critique focuses solely on the hazard component of AIR’s analysis:

1. The driver for AIR’s assessment is warming associated with the emissions
scenario RCP8.5, which AIR refers to as a “business as usual scenario.” This
scenario has been judged as implausible by energy economists and is no longer
used in international policy making.

The projected incremental temperature change between 2020 and 2050 for the RCP4.6
scenario (as per the IPCC ARG, Table SPM.1) is 0.9°C (compared to 1.4°C for RCP8.5).*!
Lhave argued previously in this Report that the IPCC temperature projections for 2050 may
be too high, when plausible lower values of climate sensitivity and natural climate
variability are considered.

2. Their assumed changes in the numbers of Category 3,4,5 hurricanes are
inconsistent with recent IPCC and WMO assessment reports.

AIR assumes an increase by 2050 of the frequency increased frequency of Category 3, 4,
and 5 storms of 15%, 25%, and 35%, respectively, with frequencies of Category 1,2 storms
held at today’s values. This implies an increase of >20% in the total number of hurricanes.
By contrast, a decrease of global hurricane frequency is projected in most modelling
studies (WMO Report)®?, although there is relatively low confidence in these projections.
The WMO Report cites low confidence in an increase in the global number of very intense
hurricanes (Categories 4-5). The WMO Report also cites medium-to-high confidence in a
median increase of +13% in the global proportion of hurricanes that reach Category 4-5
levels, reflecting a small shift in the distribution of hurricane intensities.

~

3. The AIR Report ignores the “elephant in the room” that is of relevance to their
target period to 2050: the Atlantic Multi-decadal Oscillation (AMO). An expected
shift to the cool phase of the AMO would arguably portend fewer major
hurricanes striking the U.S,, particularly Florida.

Given the dominant influence on Atlantic hurricane activity of the Atlantic Multidecadal
Oscillation (AMO), arguably the single most important factor determining Atlantic
hurricane activity for the next 30 years would be a shift to the cold phase of the AMO.
Analysis of historical and paleoclimatic records suggest that a transition to the next cold
phase is expected is expected in the next few decades. The AMO not only influences the
number of major Atlantic hurricanes, but also the preferred location of U.S. landfalls.
Florida and North Carolina showed markedly fewer hurricane landfalls during the previous
cool phase of the AMO. The timing of a future shift to the cold phase of the AMO remains
uncertain. Whether a future cold phase would have a comparable distribution of landfalls
also remains uncertain. A scenario of reduced U.S. landfalling hurricanes between 2020
and 2050 is justified by empirical evidence from the historical record in context of a
possible (or even likely) shift to the cold phase of the AMO in the next few decades.*
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The net impact of such Reports of implausibly high projections of U.S. landfalling
hurricanes by 2050 is to provide unjustified confidence in a future of substantially elevated
hurricane damage. Overconfidence in such projections can result in inappropriate notions
of insurability, inappropriate pricing of insurance, and the misguided confidence levels of
nvestors.

Adaptation to extreme weather

We are not passive victims in the face of climate variability and change. The success of
human adaptation to weather and climate extremes is reflected by the fact that global deaths
and economic damage from weather and climate disasters dropped 8090 percent during
the last four decades, when scaled for population and gross domestic product (GDP)
changes *

The extreme damages from recent hurricanes plus floods, droughts and wildfires
emphasize that the U.S. is highly vulnerable to current weather and climate disasters. Even
worse disasters were encountered in the U.S. during the 1930s and 1950s. Possible
scenarios of incremental worsening of weather and climate extremes over the course of the
21st century don’t change the fundamental fact that many regions of the U.S. are not well
adapted to the current weather and climate variability, let alone the range that has been
experienced over the past century and could be expected to occur in the future.

Disaster risk and impacts can be reduced by tackling fundamental issues that cause
vulnerability, no matter what the evolution of the future weather and climate. Synergy
among land use policies, technological innovation, infrastructure, and operational plans
can reduce vulnerability to weather and climate extremes. Risk management, risk sharing,
and warning strategies are also key for adapting to extreme weather events and climate
change. To the extent that vulnerabilities can be reduced across regions in the U.S. and
various economic sectors, insurance losses will likely be reduced.

Microeconomics of adaptation

The microeconomic approach for climate change adaptation addresses the role of market
mechanisms in increasing local resilience. Environmental economist Matthew Kahn posits
that owing to free markets, we are growing increasingly resilient and suffering less from
the “punches that Mother Nature is throwing.”*

Climate resilience is an increasingly valued public good. Cities and geographic areas that
develop an edge in being resilient in the face of climate risks will experience greater
economic growth. This resilience edge can be built up either due to natural advantage
(physical location and topography) or local collective action in figuring out how to protect
themselves against the threats of extreme heat and cold, droughts and floods, sea level rise
and wildfire risk. Property owners in locations that are particularly susceptible to risks from
extreme events have strong incentives to seek out solutions both through private markets
and local government policies.

Banks and insurers can nudge real estate buyers to reduce their demand in risk-prone
locations and increase their demand for housing and real estate in safer places. Changes to
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zoning codes to up-zone in safer places featuring less weather- and climate-related risk will
result in increased housing supply in safer places. The end result is not to completely desert
fire- and flood-prone areas, because these are often desirable and productive locations.
Civil engineers can design productive real estate assets that are acclimated to the risks. An
alternative approach to building resilient real estate is to build less durable structures that
are meant to have a lifetime of less than 20 years. The owner of the property would have
less capital at risk and holds an option to rebuild or not in the future.

Kahn argues that the key to this smooth adaptation dynamic is for government to retreat.
Government is currently taxing people on higher ground to subsidize people taking risks
on lower ground — politically, this may not be a sustainable situation. When the government
subsidizes insurance in flood zones and fire zones, this creates a moral hazard effect of
reducing the likelihood that owners of at-risk property take appropriate precautions. As the
federal government crowds out private insurance sector investment in addressing climate-
related risk, adaptation efforts may be slowed.

Planning to fail safely

Extreme weather events will continue to challenge the ability of infrastructure systems to
supply critical services. Critical infrastructure systems include electric power systems, oil
and gas networks, water networks, transportation networks, telecommunications and
computer systems. These complex systems are increasingly interdependent on each other,
at scales ranging from the local to global. For example, operation of water and
telecommunications systems requires a steady supply of electricity. The generation and
delivery of electric power requires the availability of fuel and water plus
telecommunication and computer services. These interdependencies can turn a local
disturbance in a single system into a large-scale systemic failure, with catastrophic impacts
that include property loss and casualties 3

Power outages associated with extreme weather events are estimated to cost U.S.
businesses tens of billions of dollars per year, and the cost trend is increasing *” Failure of
electric power systems during events such as a hurricane are unavoidable; the challenge is
to restore power as quickly as possible to avoid cascading disasters. Extended power
outages during Hurricane Sandy resulted in additional property damage and casualties.*®
Power outages or brownouts during extreme heat and cold events are avoidable with
adequate electric power infrastructure and grid management. With both inadequate
infrastructure and grid management, the extreme cold event in Texas during February 2021
resulted in power outages that caused $11.2 B in property damage® and 246 deaths *°

Designing systems so they are safe-to-fail includes operational plans to minimize the
consequences of failure. ¥ Safe-to-fail strategies can minimize the damage to electric
utilities from an extreme event even if the physical electric power infrastructure is
inadequate and unavoidably damaged.

An exemplary example of safe-to-fail is provided by the manner in which Florida Power
& Light (FPL) manages to quickly restore electric power following a hurricane. Following
Hurricane Wilma, FPL embarked on a program called Storm Secure. Significant
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investments have been made to harden the grid, and they have implemented strategies to
make the grid smarter. FPL uses advanced weather forecast products to anticipate power
outages. They have also implemented protocols to rapidly restore power following a
hurricane. Continued efforts to strengthen energy grid, coupled with innovative smart grid
technology and rapid restoration of power outages, have led to national recognition of FPL
for best-in-nation service reliability.** The property and casualty losses avoided by FPL’s
actions prior to, during and following a hurricane are incalculable, but almost certainly
substantial.

Resilience traps

Resilience is the ability to bounce back in the face of unexpected events. Resilience carries
a connotation of returning to the original state, or “bouncing back,” as quickly as possible.
To increase our resilience to extreme weather and climate events, we need to “bounce
forward” by evolving our infrastructures, institutions and practices.

A substantial concern about adaptation is the potential for creating resilience traps. An
overemphasis on recovery without transformation entrenches resilience traps if recovery
acts to inhibit positive transformation and perpetuate maladaptive states. Distorted
incentives and government policies can create resilience traps. Current federal government
policies distort incentives in a way that increases vulnerability to extreme weather events,
resulting in public investment that protects unwise private investments. These policies
include subsidized flood insurance and federal funding for reconstruction after a disaster,
which encourages people to build in areas known to be vulnerable. Providing aid to rebuild
in the areas that were damaged reinforces the incentive to downplay risks.

The most politically important hurricane that you have probably never heard of is
Hurricane Frederic, a Category 3 hurricane that struck Alabama and Mississippi in 1979.
This landfall occurred shortly after FEMA was established, and it was the focal point for
nearly $250 million in federal aid for recovery. In 1992, following the catastrophic damage
to Miami from Hurricane Andrew, Robert Sheets (then Director of the National Hurricane
Center) stated in Congressional testimony that he credited the aid for Frederic’s recovery
with spurring development in hurricane prone regions *?

Also of concern is FEMA’s National Flood Insurance Program, which provides coverage
at subsidized rates for homes deemed too risky for commercial insurers. The Program’s
artificially low cost encourages residents to repeatedly rebuild their homes rather than
move away. Efforts to reform the program have stalled because the resulting rate hikes
would disadvantage low-income policyholders. As of 2012, repetitive loss properties that
have been rebuilt multiple times using federal flood insurance payouts had cost U.S.
taxpayers more than $12 billion.**

The emphasis on restoring the status quo engenders norms and policies that inhibit the
ability of communities to transform. Changing the motivations to build back better or to
locate in places with lower risk is far more cost-effective than continuing to defend unwise
investments.

10
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Risks from a rapid transition of electric power systems

When insurers refer to “climate transition risk,” they are generally referring to risks from
contracts with the fossil fuel industry associated with expected losses in asset values as
government policies and private actions shift toward a low-carbon economy.

There is another critical element to transition risk that impacts the U.S. economy, the U.S.
government budget and the insurance industry. The unfortunate reality is that efforts to
rapidly move to a low-carbon economy are creating systemic risks through increasing the
cost and decreasing the reliability of electric power—this is far more dangerous in the short
term than incremental climate risk. The social and economic costs of unreliable power and
outages are of primarily relevance to this Hearing, particularly as they increase property
losses and casualties.

Because of the role of electricity as the backbone of our economy and societal support
systems, risks to the electric power system are systemic risks, with implications for
property loss and casualties. Focusing on one set of risks—COz emissions—can create
other, potentially more dangerous risks. If efforts to reduce CO2 emissions result in electric
power that is less abundant, less reliable, and/or less secure, then the transition will make
people worse off now and very possibly in the future. If people are worse off, vulnerability
to extreme weather events and insurance losses will increase.

By relaxing the time horizon for the energy transition to be consistent with the incremental
risk from climate change, the transition risk can be reduced while maintaining energy
abundance, reliability, and security through the energy transition.

Ironically, Environmental, Social and Governance (ESG) objectives that are increasingly
being met by divesting from fossil fuel companies may turn out to be counterproductive to
a rapid and robust energy transition. The perceived urgency and priority of eliminating
fossil fuels is having two adverse impacts on the transition:

o Strategies to reduce fossil fuel production and use in the near term are slowing
down the transition, during a period when substantial additional energy is needed
to implement new clean technologies, as well as to support the additional
electricity required by growing numbers of electric vehicles and heat pumps.

o The perceived urgency demands that we use existing technologies, primarily wind
and solar power. However, some of the technologies required to robustly
integrate wind and solar power into the grid do not exist or are exceedingly
expensive. Further, land use requirements for wind/solar farms and additional
transmission lines are engendering conflicts with other desired uses of the land.
The net result is to downplay the role of more advanced energy technologies that
are under development.

In my own household, the amount of electricity used has more than doubled following
installation of heat pump furnaces, electric water heaters, an induction stovetop and the
purchase of an electric vehicle. Solar panels that were installed in 2020 to cover more than
our annual electric power usage now cover significantly less than half of our electricity
usage. While the transition of households to electric power is a step in the right direction

11
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as part of a learning curve, we need to acknowledge that substantially more electric power
will be needed to fuel this particular element of the transition; in the near term, this is
predominantly fossil fuels.

The transition is not just about replacing our current generating capacity with cleaner
energy. We need to acknowledge that the world will need much more energy in the future
than itis currently consuming. More electricity can help reduce our vulnerability to weather
and climate extremes: air conditioners and cleaners, water desalination plants, irrigation,
vertical farming operations, water pumps, and environmental monitoring systems. Further,
abundant electricity is key to innovations that will support our future prosperity and wealth.

Countries that have achieved greater than 80% of their energy supplies from renewable
energy rely on hydropower and geothermal energy, not solar and wind. These countries
include Iceland, Paraguay, Costa Rica, Norway and Brazil. The advantage of hydropower
and geothermal power is that they are dispatchable and available on demand. Wind and
solar resources are highly intermittent and asynchronous, resulting in mismatches between
electricity supply and demand. As the grid penetration of wind and solar power increases,
these challenges become increasingly difficult to overcome.

Stringent renewable energy standards are mandated in a number of states, focused on wind
and solar energy. Unfortunately, insufficient attention is being paid to the perspectives of
engineers that actually plan and operate electric power systems to insure a reliable and
secure supply of power. At my blog Climate Etc. (judithcurry.com), T am providing a forum
for power system engineers and operators to present their concerns about increasing
penetration of wind and solar into the grid. They are providing assessments of proposed
solutions from power systems around the world, including a recent series on Australia’s
aggressive renewable energy transition to wind and solar. %47 The conclusions from
these analyses are that known solutions to integrating large amounts of wind and solar into
the grid are expensive, and there are a number of problems that are currently without
solutions. The substantial extra costs of supporting renewable energy have the end result
of contributing to a deteriorating quality of electricity supply. These issues do not appear
to have been considered in state mandates for renewable energy based on wind and solar.

Variability of wind and solar power ranges from intermittency on time scales of minutes,
to diurnal variations, variations from weather systems, seasonal cycles, interannual
variability and even decadal-scale variability. Brownouts and electricity curtailments have
become more frequent during both cold and heat extremes. The worst problems are
associated with continental-scale high pressure systems during winter, which produce very
cold temperatures and still winds—demand is exceptionally high and supply from
renewables is very low. The duration of these extreme heat and cold events can extend to
weeks. Apart from lack of generation by wind and solar, natural gas supplies can be
compromised during extreme cold events. Now that many coal and nuclear power plants
have shut down, a lack of onsite fuel storage contributed to the Texas outages in 2022 and
the Christmas 2022 blackouts in areas served by the Tennessee Valley Authority.*

The push for weather-based renewable energy (wind, solar, hydro) seems rather
contradictory. One of the main motivations for urgently transitioning away from fossil fuels
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is to avoid the extreme weather that is alleged to be associated with increasing COz levels.
So why subject our energy production to the vagaries of water droughts and wind droughts,
cold temperature extremes, icing and snow, cloudiness and forest fires? The rapid
trangition towards weather-sensitive renewable energy is introducing systemic risk into our
economy, including insurance risk.

Ways forward to manage climate-related insurance risk

The near-term risks from human-caused climate change have been exaggerated and
confused by conflating the slow incremental risk from warming with emergency risk
associated with extreme weather events that has little if anything to do with warming. The
dominance of implausible emissions scenarios in climate assessment reports has misled
our perceptions of climate risk and our policies. Of greatest relevance to the insurance
sector, there is little justification to expect a noticeable change in U.S. hurricane landfalls
over the next several decades beyond what has been encountered over the past century.

Climate change and its perceived threats provide opportunities to broaden the relevance of
the insurance sector to risk mitigation. Climate adaptation provides new opportunities to
underwrite climate-exposed risk. Insurance companies have the opportunity to expand their
role by helping prevent customers from incurring damage and having to make claims and
working with the public sector to improve building standards and land use policies. Both
insurance companies and the government can work towards avoiding the moral hazards of
resilience traps, by subsidizing risky behavior that reduces the likelihood that owners of at-
risk property take appropriate precautions.

Climate variability and change, with the attendant extreme weather events, is best regarded
as an ongoing predicament. Even if human-caused climate change is somehow eliminated,
natural climate variability and inevitable surprises will provide ongoing challenges that
require continuing adaptation by communities and mechanisms to transfer risk.
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Questions for the Record
From: Ranking Member Grassley
To: Mr. Eric Andersen
Risky Business: How Climate Change is Changing Insurance Markets
March 22, 2023
Senate Budget Committee

Question:

Mr. Andersen, your firm incorporates the RCP8.5 scenario in your respective modeling, designed
to evaluating commercial climate risk. Dr. Curry, amongst other scientists, has noted the evident
implausibility of this extreme scenario. How does the use of implausible climate models increase
the overall profitability of your consulting firm?

Response:
Ranking Member Grassley,

Thank you for the opportunity to provide answers to questions for record. While the RCP8.5
model is an “upper bound” model showing the effects of climate risk under an extreme scenario,
we do not consider that scenario implausible. While unlikely, it is still valid.

At Aon, profitability is not driven by the use of particular models. Rather, we use a range of
models to educate our clients so that they can be more resilient to evolving risks.

Question:

Mr. Andersen, you provided a summary of global climate risks during the hearing. You then
cited Aon’s 2023 Weather, Climate, and Catastrophe Insight Report when noting that claims data
shows 2022 was the most expensive year on record.” However, your written testimony says,
“Data shows that 2022 was the fifth costliest year on record for insurers.” Upon further review of
the report, Aon cites its own data without providing an indication as to the source of these
figures. Does Aon’s estimate account for the inflation caused by Democrat’s excessive
spending? How much of the total can be attributed to population growth and the building of more
expensive infrastructure in precarious locations?

Response:
Ranking Member Grassley,

Thank you for the opportunity to provide answers to questions for record. 2022 was the fifth
costliest year for insurers on record, a fact that is made explicit in the Executive Summary of the
2023 Weather, Climate and Catastrophe Insight Report.
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The report is compiled using data from many sources including publicly available estimates of
economic and insured losses from governmental and international agencies, disaster management
bodies, industry associations, insurers and reinsurers, and other entities, including media,
scientific papers, and elsewhere. Data derived from specific sources is attributed within the
report.

In appendix “C” of the report, we note that losses are presented on an inflation-adjusted basis.

This indexation does not account for population growth, so fully normalized losses would show a
slower increase. However, again, we always emphasize -- and repeat on multiple locations in the
report -- that demographic and socioeconomic change is the main driver of increasing losses.

Finally, while our report does not specifically account for how much loss can be attributed to the
building of more expensive infrastructure in precarious locations, it is clear that the building of
residential and commercial property in some areas -- for example, coastal areas -- tends to be
more costly and tends to be more exposed to weather-related events.
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Questions for the Record
From: Ranking Member Grassley
To: Ms. Nancy Watkins
Risky Business: How Climate Change is Changing Insurance Markets
March 22, 2023
Senate Budget Committee

Re:  Response to Questions for the Record from Senate Budget Committee Hearing

Dear Ranking Member Grassley:

It was a privilege to appear before the United States Senate Committee on the Budget at your
hearing of March 22, 2023, on “Risky Business: How Climate Change Is Changing Insurance
Markets.”

This letter is being written in response to your follow-up questions for the record, specifically:

Ms. Watkins, your firm incorporates the RCP8.5 scenario in your respective modeling, designed
to evaluating commercial climate risk. Dr. Curry, amongst other scientists, has noted the evident
implausibility of this extreme scenario. How does the use of implausible climate models increase
the overall profitability of your consulting firm?

Response

The testimony I presented before your committee was focused on the United States insurance
market and the threats it is undergoing today, which have been exacerbated by climate change.
Because insurance products in my area of specialty (property & casualty) generally have terms of
one year or less, the risk modeling I do for insurers generally focuses on the near-term risk, and
there are no assumptions at all regarding long-term climate scenarios.

That said, we are receiving an increasing number of requests from entities like real estate
investors, municipal bond investors, lenders, healthcare providers, and government agencies to
help them incorporate aspects of climate risk into their decision-making over the long term. They
rely on my firm, a worldwide provider of actuarial and related products and services founded in
1947, to contribute our risk-focused expertise and to provide unbiased, independent advice.

When actuaries like myself model long-term climate risks, one important assumption underlying
the risk modeling is the choice of climate scenarios. Climate modelers frequently reference the
Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report published in
2014,! which contained four climate scenarios commonly referred to as representative
concentration pathways (RCPs), the highest being RCP8.5.

LIPCC. Climate Change 2014: Synthesis Report. Retrieved March 29, 2023, from
https://archive.ipcc.ch/report/ar5/syr/.

Offices in Principal Cities Worldwide
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Senator Charles E. Grassley
March 29, 2023
Page 2 of 2

The decision of which climate scenario or scenarios are most useful to include in a given
situation is specific to the context. An example of how to select scenarios is included in this
guidance from the California Governor’s Office of Planning and Research:?

GHG emissions scenarios reflect different projections for how global emissions and atmospheric
GHG concentrations may change over time. The latest scenarios are representative
concentration pathways (RCPs), and Cal-Adapt provides projections for a low emissions
scenario (RCP 4.5) and a high emissions scenario (RCP 8.5). The Governor’s Office of Planning
and Research (OPR) recommends that agencies use RCP 8.5 for analyses considering impacts
through 2050 because there are minimal differences between emissions scenarios during the first
half of the century. For analyses considering impacts beyond 2050, OPR recommends selecting
warming scenarios on a case-by-case basis. For a more conservative approach to a given
community element, consider using only RCP 8.5. For a less conservative approach, use both
RCP 4.5 and RCP 8.5. Which approach will be most useful in selecting emissions scenarios
depends on a given community element’s risk and criticality.

Climate science is a rapidly evolving field. Projections for future climate change impacts, such as
sea-level rise, have changed significantly over the past decade. Definitions of “best science”
have changed as climate science has evolved, and even these “best science” estimates have
significant uncertainty. Therefore, it is to be expected that different members of the scientific
community disagree about how fast the climate is changing, and will continue to do so.?

Actuaries do not get compensated based on the scientific scenarios used. Rather, it is our
professional responsibility to measure the risk, communicate what the data may indicate based
on sound actuarial principles, and convey the uncertainties associated with our indications.
Accordingly, there is no connection between the assumptions used in our models and Milliman’s
profitability. Milliman is independent, does not accept contingent fees, and consistently delivers
objective results that hold up to scrutiny.

Closing

1 appreciate the opportunity to provide this response and would be happy to answer any further
questions from you or the other members of your esteemed committee.

Sincerely,

Nancy Watkins, FCAS, MAAA
Principal & Consulting Actuary

2 ResilientCA.org. Adaptation Planning Guide: Phase 2: Assess Vulnerability. Retrieved March 29, 2023, from
https:/resilientca.org/apg/phase-2/#panel-step2-1.

3 Chrobak, U. (August 7, 2020). This Worst-Case Climate Scenario Might Be the Most Realistic. Popular Science.
Retrieved March 29, 2023, from https://www.popsci.com/story/environment/worst-case-climate-scenario-realistic/.

Milliman
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Questions for the Record
From: Ranking Member Grassley
To: Dr. Judith Curry
Risky Business: How Climate Change is Changing Insurance Markets
March 22, 2023
Senate Budget Committee

Question #1:

Dr. Curry, Senator Whitehouse asked questions regarding your 2014 Testimony to the
Senate Committee on Environment and Public Works, more specifically the section
entitled, "The IPCC ARS WGI Report: A Weaker Case For Anthropogenic Global
Warming." Can you clarify the nature of the IPCC ARS's "weaker case' and the role of
natural climate variability?

My 2014 Testimony before the Senate Committee on Environment and Public Works compared
statements made by the IPCC AR4 (2007) with the IPCC AR5 (2013), which led me to
conclude that the ARS presented a weaker case for anthropogenic warming than did the AR4.

The specific text that Senator Whitehouse referred to in my 2014 Testimony:

“However, several key elements of the AR5 WGI report point to a weakening of the case for
attributing most of the warming to human influences, relative to the previous assessment AR4
(2007):

e Lack of warming since 1998 and the growing discrepancies between observations and
climate model projections

e Evidence of decreased climate sensitivity to increases in atmospheric CO2 concentrations

e Evidence that sea level rise during 1920-1950 is of the same magnitude as in 1993-2012

e Increasing Antarctic sea ice extent

The relevant quotes from the IPCC ARS that were included in my Testimony:

“[TThe rate of warming over the past 15 years (1998-2012) [is] 0.05 [-0.05 to +0.15] °C per
decade which is smaller than the rate calculated since 1951 (1951-2012) [of] 0.12 [0.08 to
0.14] °C per decade.”

... the hiatus [in warming] is attributable, in roughly equal measure, to a decline in the rate
of increase in effective radiative forcing (ERF) and a cooling contribution from internal
variability (expert judgment, medium confidence). The decline in the rate of increase in ERF
is primarily attributed to natural (solar and volcanic) forcing but there is low confidence in
quantifying the role of forcing trend in causing the hiatus, because of uncertainty in the
magnitude of the volcanic forcing trend and low confidence in the aerosol forcing trend.”
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“However, the implied rates of warming over the period from 1986-2005 to 2016-2035 are
lower as a result of the hiatus: 0.10°C-0.23°C per decade, suggesting the AR4 assessment
was near the upper end of current expectations for this specific time interval.”

“It is very likely that the mean rate of global averaged sea level rise was 1.7 [1.5 to 1.9] mm
yr ! between 1901 and 2010, 2.0 [1.7 to 2.3] mm yr ! between 1971 and 2010 and 3.2 [2.8 to
3.6] mm yr ' between 1993 and 2010. Tt is likely that similarly high rates occurred
between 1920 and 1950.”

“It is very likely that the annual Antarctic sea ice extent increased at a rate of between 1.2
and 1.8% per decade between 1979 and 2012.”

“There is low confidence in the scientific understanding of the observed increase in
Antarctic sea ice extent since 1979, due to the incomplete and competing scientific
explanations for the causes of change and low confidence in estimates of internal
variability.”

The most fundamental source of disagreement regarding the theory of human- caused climate
change is the importance of natural climate variability. Why do climate scientists disagree on

the relative importance of natural versus human-caused climate change? The historical

data is sparse and inadequate, particularly in the oceans. There is disagreement about the value of
different classes of evidence, notably the value of global climate model simulations and
paleoclimate reconstructions from geologic data. There is also disagreement about

the appropriate logical framework for linking and assessing the evidence. And finally, there

is little acknowledgment that some climate processes are poorly understood or even unknown.

Question #2:

Dr. Curry, Senator Whitehouse claimed you referred to the IPCC as "corrupt.”" Can you
clarify the context of your statement, and summarize your concerns about the IPCC
process? Is the IPCC a political body, and if so, what are the associated consequences of
this politicization?

Senator Whitehouse requested whether I stood by my statement that the “IPCC is corrupt.”
Senator Whitehouse completely misrepresented what I have said about the IPCC.

In a 2010 Discover Magazine interview, I made the following statement:
https://www.discovermagazine.com/environment/an-inconvenient-provocateur

“There is a substantial level of public interest in investigating the issues raised by Climategate.
These issues include: wanting an assessment of the reliability and accuracy of the historical and
paleo temperature records/reconstructions; wanting an assessment of whether the IPCC was
corrupted and whether their conclusions are reliable and can be trusted as the basis for
international carbon and energy policy, and whether there are some "bad apples" in the climate
research community that need to be weeded out in the sense of not being in positions of
responsibility as journal editor, IPCC lead author, administrator.”
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This statement was subsequently exaggerated inappropriately in a 2010 Scientific American
profile on me: https://www.scientificamerican.com/article/climate-heretic/

“Few scientists would claim the IPCC is perfect, but Curry thinks it needs thoroughgoing reform.
She accuses it of “corruption.” “I’m not going to just spout off and endorse the IPCC,” she says,
“because I think I don’t have confidence in the process.”

A 2012 interview with oilprice.com made the following statement, which correctly reflects my
concerns about the IPCC process.
https://oilprice.com/Interviews/The-IPCC-May-Have-Outlived-its-Usefulness-An-Interview-
with-Judith-Curry.html

“Considered somewhat of a black sheep within the scientific community Judith was a one time
supporter of the IPCC until she started to find herself disagreeing with certain policies and
methods of the organization. She feared the combination of groupthink and political advocacy,
combined with an ingrained "noble cause syndrome" stifled scientific debate, slowed down
scientific progress, and corrupted the assessment process.”

Around the same time of these interviews, the UN InterAcademy Council began a thorough
review of the IPCC’s policies and practices, in response to issues raised by Climategate. The UN
IAC invited me make a presentation on my concerns. Also round the same time, the U.S. Natural
Research Council Committee on Science, Engineering and Public Policy invited me to make a
presentation on my concerns about the integrity of climate science in light of Climategate.

While the IPCC has instituted several of the changes recommended by the IAC, I remain very
concerned about the politicization of the IPCC and how this impacts the integrity of climate
research. For the past 15 years, I have been an advocate for the integrity of the scientific
research. The overt politicization of the IPCC harms the scientific process and hence its progress,
which in turn biases the knowledge base that is used by policy makers to support their decisions.

Question #3:

Dr. Curry, Senator Whitehouse claimed that climate models are performing accurately in
their predictions. Can you summarize inadequacies of climate model projections cited in
recent IPCC reports, and your own concerns?

Chapter 11 of the IPCC ARS Report! focused on near term climate change, through 2035. Figure
11.25 compares climate model projections with observations of global surface temperature
anomalies through 2012.

! https://www.ipcc.ch/pdf/assessment-report/ar5/we /WG 1ARS_Chapterl1_FINAL.pdf
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Figure 11.25 in the IPCC ARS shows that near term climate projections for the period 1999 -
2012 have been much warmer than the observed temperatures, with several years dropping
below the 5-95% envelope of the climate model simulations.

Ed Hawkins is the IPCC author who prepared Figure 11.25. He updated the Figure with
temperatures through 2021. This later period included the extremely warm temperatures
associated with the super El Nino in 2016. The year 2016 barely made it to the midpoint of the
climate model range; compare 2016 with 1998 (a previous super El Nino, which slightly
exceeded the upper boundary of the 5-95% range.

CMIP5 near-term global temperature prOJectlons updated from IPCC AR5 Fig. 11.25
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On average, the CMIP6 climate models used in the IPCC ARG are running hotter than the
CMIP5 models cited above. As a result, the IPCC ARG procedure for providing projected
estimates of global average temperature change over the 21st century diverged markedly from
the AR4 and ARS, which had relied totally on simulations from global climate and Earth-system
models, equally weighting all climate model simulations that were submitted.
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The CMIP6 models used by the AR6 overall provided substantially more warming than

the CMIP5 models used in the ARS, including some models with values of climate sensitivity
that were judged to be unrealistically high. Hence, the ARG constrained the CMIP6 projections
with observational constraints on simulated past warming and best estimates of the climate
sensitivity to increased COz. The reduction of the constrained projections relative to the original
CMIP6 simulations reported by the AR6 (AR6 Figure 4.11) is substantial, up to 20 percent for
the higher emissions scenarios.

There is a growing realization that global climate models are not fit for the purpose of predicting
twenty-first century climate variations and change, particularly on decadal and regional scales.
Climate model simulations under the auspices of the CMIP program and the IPCC are not
providing the full range of scenarios of plausible climate outcomes. The CMIP simufations
include very limited scenarios of volcanic eruptions and solar variability. Further, the climate
models have inadequate representations of solar indirect effects and multi-decadal to century
scale variations in the large-scale ocean circulations. Natural internal climate variability is of
particular importance for scenarios of regional climate variations, with larger uncertainties than
at the global scale. Uncertainties are substantially larger for global model simulations of
precipitation. The coarse resolution of global climate models means that they are not able to
simulate directly extreme weather events such as temperature extremes, floods, hurricanes, etc.
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GROWTH OF ATMOSPHERIC CO2 AND AVERAGE GLOBAL
TEMPERATURE INCREASE AS A FUNCTION OF TIME

[Observed _ 21st Cenwry Study__, _ CPD . 0.8%/a -
. L) . ) ol T 1] 1
620| —— Fist Comury SEidy = /
No Synthetic Fuels-Liquid :
=7 And Gas Balances Same |-— /
As In 21st Century Study ]
580 p———— . e sham “vee o bp /

£
o

§ "

ATMOSPHERIC CARBON DIOXIDE, PPM (V)
& &
o o

w
o
o

340

P X N
AVERAGE TEMPERATURE INCREASE,-°C

Y

o
©

‘|0.4

300
1960

60

20

00 40
YEAR
=== Observed atmospheric CO, concentration

=== (bserved temperature change

80



208

0c0c

0L0cC
I

IBaA

000¢ 0661 0861
1 |

0461

}jsedalo4

JSEOpUIH

(a1eWNSD 6107 +) SUOHEAIESAO
uea\ s|quiasug

Sl

002 NI NNY

ST3AOI HO4 NOILVNTVAZ 1SVO3HOA

(6661-0861 VI'M) (4o) sebuey) sinessdws]



209

321123, 8:32 PM Trumping the climate | Climate Efc.

The Wayback Machine - http:/ /web.archive.org/web/20161121194118 /hitps:/ fjudithcurry.coni...

Trumping the climate
Posted on November 13,2018 | 403 Comments

by Judith Curry
So ... whatcan we expect from the Trump administration on environment/clilnate/energy?

There is much angst-among the ‘greens’ about what to expect. This is typified by this morning’s headlines from the
Huffington Post:

SET TO BOIL: Trump Racing to Serap FLandmark Climate Deal

China Calls Move Ludisrous... 'GAME OVER’; Seientists Fear Di; With Dongld... ‘Bleetion Of
Deonald Trump Could Be Devastating For Our Climate And Our Future’... “Trump Has A Profowid
Igriorance Of Scienee’... Donald Taps Climate-Change Skeptic To Disinanitle EPA... Oil Exee Eyed
For Sec. Of Interior... New Push For Keystone Pipeliné Fires Up...

Lets take a eloser look-at what President-elect Trurap has actually said in recent mmonths, including his policy/issue
statements.

Hoax

‘Whenever theissue of Trump and climate change comes up in the world of the ‘greens’, the first thing they mention
is that he said climate.change is a "hoax.”

Politifact has done-a geod job of summarizing this (January 2016):

The clearest example comes from a tweet sent by Trump on Nov. 6, 2012, “The concept of global warming was
ereated by and for the Chinese in order to make U.S. uring non-competitive.”

On Jan. 18; after Sandérs had attacked Trump'’s eHmate cliange views in the Democratic debate, Trump told Fox &
Friends, "Well, I think the climate change isjust a very, yery expensive form of tax. A lot of people are making a lot.
of money. I knew much about chimate change. I'd be — recetved environmental awards, And I often joke thut this
is done for the benefit of China. Obviously, I joke. But this is done for the benefit of China, because China does not
do anything to help climate change. They burn everything you could burn; they touldn't care less, They have very
— youknow, their standards gre riothing. But they — in the meantime, they can undercat us on price, So it's very
hard en-our business.”

web.archive.org 151121184 118/mtips Fudi L GO/ 2016/ umping-the-climigte/ 1/86




210

3/21/23, 6:32 PM Trumping the climate | Climate Etc.

web.archive.org 16112119411

On Dec. 30, 2015, Trump told the crowd at a rally in Hilton Head, S.C., “Obama’s talking about all of this with the
global warming and ... a lot of it’s a hoax. It’s a hoax. I mean, it’s a money-making industry, OK? It’s a hoax, a lot
of it.”

In August, he stated: “I'm not a big beli in de climate ch Nobody knows for sure.”

Lets first look at the definition of hoax’, here are a few I spotted by googling:

a humorous or malicious deception.

to trick into believing or accepting as genuine something false and often preposterous
a plan to deceive a large group of people

a deliberately fabricated falsehood made to masquerade as truth.

With these definitions in mind, here are two examples that qualify as hoaxes that I have previously written about:

1. The UNFCCC definition of ‘climate change’ arguably qualifies as a hoax: climate change is a change of climate
which is attributed directly or indirectly to human activity that alters the composition of the global
atmosphere and which is in addition to natural climate variability observed over comparable time periods.
[link]. This perversion of the definition of ‘cli change’ was designed to mislead people into thinking that
all climate change is caused by humans.

2. The propaganda from the UNFCCC that misleads people into thinking that the planned emissions reductions
will have any discernible impact (that emerges from natural variability) on the 21st century climate [link], even
if you believe the climate models.

So in terms of climate hoaxes, perhaps it is NOT Donald Trump’s whose pants are on fire.
Trump’s answers to ScienceDebate

ScienceDebate.org asked the Presidential candidates questions on a range of science-related issues. The answers to
the climate change questions are [here]. Trump’s statement:

There is still much that needs to be investigated in the field of “climate change.” Perhaps the best use of our limited
financial resources should be in dealing with making sure that every person in the world has clean water. Perhaps
we should focus on eliminating lingering diseases around the world like malaria. Perhaps we should focus on
efforts to increase food production to keep pace with an ever-growing world population. Perhaps we should be
focused on developing energy sources and power production that alleviates the need for dependence on fossil fuels.
We must decide on how best to proceed so that we can make lives better, safer and more prosperous.

Well, I find it difficult to argue with any of this. In fact, I like this statement quite a lot.
Paris

The big news over the weekend is that someone from Trump’s transition team has leaked that Trump plans to pull
out of the Paris UNFCCC agreement [link].

Robert Stavins has a concise analysis of Trump’s road ahead re climate change [link]:

y.com/2016/11/13/trumping-the-climate/ 2/86
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